
+ MODEL

Travel Medicine and Infectious Disease (2013) xx, 1e8
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.elsevierhealth.com/journals / tmid
Using routine diagnostic data as a method of
surveillance of arboviral infection in
travellers: A comparative analysis with a
focus on dengue
Natalie Cleton a,d,*, Chantal Reusken a, Jean-Luc Murk b,
Menno de Jong c, Johan Reimerink a, Annemiek van der Eijk d,
Marion Koopmans a,d
aNational Institute for Public Health and the Environment, Centre for Infectious Disease Research,
Diagnostics and Screening, A. van Leeuwenhoeklaan 9, P.O. Box 1, 3720 BA Bilthoven, The Netherlands
bUniversity Medical Centre Utrecht, Heidelberglaan 100, 3584 CX Utrecht, The Netherlands
cAcademic Medical Centre, Department of Medical Microbiology, Meibergdreef 9, P.O. Box 22660, 1100
DD Amsterdam, The Netherlands
d Erasmus Medical Centre, Virology Department, ’s Gravendijkwal 230, P.O. Box 2040, 3000 EA
Rotterdam, The Netherlands
Received 25 June 2013; received in revised form 21 October 2013; accepted 23 October 2013
KEYWORDS
Dengue;
Diagnostics;
Travellers;
Sentinels;
Surveillance
* Corresponding author. National Ins
Screening, A. van Leeuwenhoeklaan 9,

E-mail addresses: natalie.cleton@r
dejong@amc.uva.nl (M. de Jong), a.va

Please cite this article in press as: C
travellers: A comparative analysis w
j.tmaid.2013.10.015

1477-8939/$ - see front matter ª 201
http://dx.doi.org/10.1016/j.tmaid.20
Summary Background: In a large part of the developing world, limited infectious disease
surveillance is performed. In laboratory information management systems data on diagnostic
requests is available and may be amenable to trend analyses. We explored this potential, using
DENV diagnostic requests as a model.
Method: Test results and anonymised information provided by clinicians were received for
8942 patients from diagnostic centres in the Netherlands from January 2000 to May 2011.
The data were evaluated for completeness of a predefined minimal dataset and trends in DENV
positive results by travel destination. Population travel data were obtained from a commercial
registry, and dengue case notification data by country from WHO DengueNet.
Results: Vaccination history was rarely reported (0.4%); travel destination was completed for
42% of requests; trends in diagnostic requests and IgM positive tests for this subset correlated
to the WHO DENV notifications for the three main travel destinations, with some discrepancies.
Additionally, this approach may provide information on disease outbreaks with other
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pathogens causing diseases clinically similar to DENV. PCR data proved to be insufficient for
trend monitoring by country.
Conclusion: This approach is not straightforward, but shows potential for use as a source of
additional information for surveillance of disease.
ª 2013 Elsevier Ltd. All rights reserved.
Introduction

New diseases continue to emerge across the world, due to a
complex array of factors relating to demographics,
increasing demand for animal protein, deforestation, and a
steep increase in international travel and trade [1,2].
Vector-borne diseases, with the exception of West Nile and
Dengue virus, are considered neglected tropical diseases
and no or little surveillance is performed in a large part of
the developing world. Systematic evaluation of health
complaints through travel clinics has shown a high inci-
dence of health complaints (8e10%) [3,4]. As a conse-
quence, international travellers can be seen as sentinels
and sources of introduction for infectious diseases occur-
ring worldwide [5e8]. Developing diagnostic tools and ap-
proaches to monitor health complaints in returning
travellers could provide an interesting addition to tradi-
tional surveillance [8]. Geosentinel clinics form an inter-
national network that collects data on diseases in
travellers. However, the number of clinics participating is
limited and the reporting system depends on the extent to
which clinicians actively upload information. A large
amount of diagnostic data is therefore available in diag-
nostic laboratories but remains unused for surveillance
purposes. This had led us to explore the use of routine
laboratory submission data and results for additional
monitoring of trends of illness through international trav-
ellers. Here, we set out to explore this potential by using
dengue virus as an example.

Dengue virus (DENV) is considered one of the most
important arboviruses globally, with 2.5 billion people at
risk of infection according to the World Health Organization
(WHO) [9]. It is a well-recognized disease in travellers to
tropical and subtropical regions and therefore diagnostic
tests are requested frequently [10e12]. Surveillance is
done in many countries that are popular travel destina-
tions, and DENV probable and confirmed cases are notified
on voluntary basis to the WHO. This currently provides the
best insight into the DENV situation per country and
therefore offers a potential comparison and addition to
data provided by diagnostic laboratories [13,14]. Routine
diagnostic information in travellers coupled to travel his-
tory and symptoms could potentially be used as an already
in-place cost-effective additional information source for
monitoring the demographics of disease and exposure
trends where no surveillance in available [15].

The goal of our study is to investigate the usability of
diagnostic information of returning travellers on travel
history, symptoms and diagnostic results provided by
routine diagnostic laboratories as complementary infor-
mation usable in surveillance for disease in travellers,
providing information on public health threats by possible
leton N, et al., Using routine dia
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introduction of viremic patients and trends in local disease
activity. We use DENV as an example since WHO surveil-
lance information is available for some countries as com-
parison and complementary data.
Methods

Diagnostic data

During a consensus meeting between the diagnostic labo-
ratories and responsible researchers, a minimal dataset
needed for data analysis was proposed and discussed based
on the question what minimal information was essential for
use in surveillance of disease in travellers and the countries
they visit. The defined minimum dataset was age, sex,
travel date and destination, description of clinical symp-
toms, vaccination history, diagnostic results and test(s)
used. Age and sex were considered to be of importance in
order to identify risk groups and make results compatible
between diagnostic centres. Information of travel history
and dates were needed to correlate demographic distri-
bution of infections in Dutch travellers to current known
and unknown outbreaks. This information was also needed
for interpreting results as new or old infections and possible
cross-reactions with co-circulating cross-reactive arboviral
infections [16e19]. Records of clinical symptoms were
needed to evaluate the usefulness of the clinical data for
syndromic surveillance [20]. Finally, vaccination history
was considered essential for the data analysis since a
number of flavivirus vaccinations (Tick-borne encephalitis
virus, Japanese encephalitis virus, Yellow fever virus) are
known to cross-react causing false positive IgG diagnostic
results [16,19]. Data containing the diagnostic results,
interpretation, and the information provided by clinicians
with the requests for DENV diagnostics were retrospectively
extracted from the laboratory information management
systems (LIMS) from the three main arboviral diagnostic
labs in the Netherlands from 2000 to 2011. This represents
the vast majority of all DENV diagnostic requests in the
Netherlands. The information was provided in excel format
as raw data. As there is no standardized testing for DENV
infections, each laboratory provided the interpretations of
the results. Diagnosis was based on determination of IgM
and IgG antibodies by rapid lateral flow Immunochromato-
graphic Test (ICT) by Panbio (Brisbane, Australia) (one
laboratory), immunofluorescence assay (IFA) by Progen
(Heidelberg, Germany) and Scimedix (Denville, New Jersey,
USA) (one laboratory) and Enzyme-linked immunoassays
(ELISA) from Focus (Cypress, CA, USA) (two laboratories).
Each laboratory provided a cut-off for defining if a diag-
nostic result was considered positive or negative.
gnostic data as a method of surveillance of arboviral infection in
dicine and Infectious Disease (2013), http://dx.doi.org/10.1016/



Table 1 Information provided with diagnostic requests
per patient population for 8942 patients.

Parameter Percentage
available

Sex 98%
Birth date 99.9%
Clinical history 75%
Travel history 42%
Sex, Age, Clinical, Travel history 38%
Vaccination history 0.5%
Clinical, Travel, Sex, Age, Vaccination 0.2%
Total patients 8942
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Laboratories using IFA and ELISA tests used a higher but
comparable cut-off than recommended by the manufac-
turer to increase specificity. These cut-offs were defined by
validation prior to implementation of the assays in the
diagnostic routine. In compliance with the medical ethical
guidelines, no personal identifiers were included.

Data analysis

A database was created in Microsoft Excel (edition 2007).
The raw data was organized and imported into ‘R’ (version
2.14.0) for further analysis. The data was evaluated for
completeness of the minimal defined dataset and for trends
in DENV positive results by travel destination. These trends
were compared with those based on data collected by WHO
DengueNet 2001 to 2011 that are published by the WHO
regions online (South-East Asia only published data until
2010)

Travel data

Data were obtained from a commercial research registry
‘ContinuVakantieOnderzoek’ (CVO) that follows travel
trends by interviewing, every three months, 10,000 out of a
panel of 150,000 Dutch homes about their travel behaviour
[21]. The research has been conducted since the 1980’s and
is used for monitoring Dutch travel behaviour in the tourist
and travel industry. Basic information is requested on
number and length of vacations within and outside the
country (if any), location and lodging, activities, method of
transport and booking. Information is analysed in
condensed form for reports and raw data is available in an
online database HolidayTracker [21].

Estimation of the proportion of DENV infections in
travellers, 2010

As travellers may be seen as a source of introduction of
arboviral infections, we tried to use the available data to
provide an estimate range for the possible proportion of
travellers infected with Dengue during one year. For this,
the lower limit estimate was made by:

ElowZðP)4Þ=N
Where Elow is the lower estimate of DENV infections, P is the
number of DENV IgM positive patients, 4 is the multiplica-
tion factor assuming 25% of all cases are symptomatic [22],
and N is the number of travellers to DENV endemic
countries.

The higher estimate was made by:

EhighZððN)0:1Þ)ðP=TÞÞ=N)4
Where 4, N and P are as indicated above, 0.1 is the esti-
mated proportion of travellers returning with febrile illness
[3,4,23,24], and T is the number of samples tested.

Statistical analysis

Proportions were tested with Pearson’s chi-squared test for
equality of proportions. Trend lines were tested with F-test
and R2 and correlations were calculated using Spearman’s
Please cite this article in press as: Cleton N, et al., Using routine dia
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rank correlation coefficient for describing independence
between variables (rs).

Results

Completeness of diagnostic data

In total, data were received on 10,540 diagnostic samples
from 8942 patients from the three diagnostic centres in the
Netherlands from January 2000 until May 2011. Each labo-
ratory provided diagnostic result and interpretation per
patient.

The completeness of data ranged from 0.5% for vacci-
nation history to 98% and 99% for sex and birth date. Some
basic clinical information was provided with 75% of re-
quests, but only 42% of the requests mentioned information
on travel history (Table 1). Only 0.2% of diagnostic requests
contained all parameters.

Trends in diagnostic requests and results

Between 2000 and 2011 RT-PCR for detection of DENV viral
RNA was performed on 275 samples (3%) of DENV diagnostic
requests. More than 50% of the RT-PCR requests have
occurred in the last three years and the percentage of
positive samples has dropped from 30% to 13% (data not
shown). RNA was more often detected in IgM positive (23%)
than in IgM negative patients (9%).

The annual number of serological diagnostic requests
for DENV has increased significantly over time (Fig. 1). In
correspondence, the proportion of travellers with diag-
nostic requests has also increased (Fig. 1). Correlation
between the number of requests, and IgG and IgM positive
samples per year was very high (rs Z 0.82 to 0.99 and
P < 0.01). The proportion of patient samples testing
positive for DENV IgG or IgM antibodies fluctuated, with
peaks in 2005 and in 2009/2010. IgG and IgM proportions
show a reasonably strong correlation (rs Z 0.70 and
P < 0.01). When studying trends in more detail, the in-
crease relative to the previous year of IgG positives
compared to IgM was higher in 2005 than in 2009, which
indicates some independence between IgG and IgM pro-
portions. A third peak was observed in 2002 but this is less
clear as the total number of diagnostic requests was too
low to draw conclusions based on this.
gnostic data as a method of surveillance of arboviral infection in
dicine and Infectious Disease (2013), http://dx.doi.org/10.1016/
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Figure 1 Trends in diagnostic requests for evaluation of patients with suspected dengue virus infection from 2000 through May
2011(*) in The Netherlands in absolute counts (bars, first Y axis) and in proportions (lines, second Y axis).
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Trends in travel history by region

The 3751 (42%) patients that had information on travel
history provided with their diagnostic requests were sub-
divided into the geographical regions Africa, Americas,
Europe and Asia-Oceania. For 263 patients, travel history
was stated as ‘Tropics’ (228), ‘No’ (12) or ‘Yes’ (23) and
these could not be assigned into a geographical category.
Patients (n Z 219) that had travelled to more than one
region were included multiple times in the subdivision.
Most patients traveling outside of Europe had travelled to
Asia-Oceania followed by the Americas and then Africa
(Table 2). The prevalence of DENV IgM and IgG positive
patients differed significantly for travellers from different
regions (Table 2, P < 0.01). Only 29% (79) of the samples
tested with PCR were accompanied by travel information
(Table 2).

Trends in travel history by country

In total 131 different countries were listed in the travel
history of patients. The top five travel destinations were
Indonesia, Thailand, Surinam, India and the combination
Table 2 Reported travel destinations by region for
returning travellers with suspected DENV clinical disease,
and proportion with positive IgM serology, IgG serology, or
both.

Travel
destination

Number of
patients

%
Requests

% IgG % IgM % IgG
and IgM

Africa 643 17 11 5 3
Americas 1283 34 34 20 15
Asia-Oceania 1744 46 21 16 10
Europe 37 1 8 0 0
P-value <0.01 <0.01 <0.01

Please cite this article in press as: Cleton N, et al., Using routine dia
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of the former and current Dutch Caribbean Islands, i.e.
Bonaire, St Eustatius and Saba (BES islands), St Maarten,
Aruba and Curacao (2000 patients, 53%). Travellers from
Surinam were most frequently DENV IgG positive (Fig. 2
and Supplement Fig. 3(A)). The Dutch Caribbean islands
were the travel destination associated with the highest
number of patients with DENV IgM positive tests (129
patients). Results are plotted for all countries that had
been listed for at least 50 persons (Supplement Fig. 3(A))
or 20 persons (Supplement Fig. 3(B)) as travel destina-
tion. The proportion of DENV positive patients differed
greatly between travel destinations. Large differences
were observed in percentage IgM positives for patients
returning from different countries. This is partly
explained by the low number of diagnostic requests for
travellers to these countries (Supplement Fig. 3(A)&(B)).
Per top five travel destinations only one or two patients
were PCR positive, but did show a higher than average
number of positive samples compared to other destina-
tions (20%).
Trends in DENV IgM positive results by country
compared to WHO DENV notifications

Data representing the number of Dutch patients with DENV
positive tests was combined with data representing the
WHO reported DENV cases per country for the pooled data
from patients returning from the top five travel
destinations.

WHO notifications preceded the trends in DENV di-
agnoses from the pooled dataset by one year (data not
shown). When analysing trends by country, however,
clear differences were observed. For the Dutch Carib-
bean islands, Suriname and Thailand, the diagnostic data
and the number of WHO reported cases show a high
correlation, although the timing differed. The data from
Thailand corresponded almost perfectly with the WHO
gnostic data as a method of surveillance of arboviral infection in
dicine and Infectious Disease (2013), http://dx.doi.org/10.1016/
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data. For the Caribbean islands, the diagnostic trends
preceded the increase seen in WHO reporting by one to
two years. For the data from travellers to Surinam, the
increase in the diagnostic trend line from 2008 onwards
was not seen in WHO notifications (Fig. 2). For Indonesia,
the diagnostic IgM trend showed some dependency with
the WHO data but seemed to lag behind by one year in
2004e2005. Finally, the proportion of IgM positive sam-
ples for India did not show any correlation with the WHO
reported cases or the proportion of travellers with
diagnostic requests. However, the proportion of requests
did show a correlation with the WHO data. All these
observed correlations (rs Z 0.7e0.9) were significant
(P < 0.01).

Estimation of the proportion of DENV cases in
travellers, 2007 and 2010

As travellers may be seen as a source of introduction of
arboviral infections, we tried to use the available data to
provide an estimate range for the possible number of
dengue cases during one year, as described in the methods
section. By this approach, the lower estimate, assuming
Please cite this article in press as: Cleton N, et al., Using routine dia
travellers: A comparative analysis with a focus on dengue, Travel Me
j.tmaid.2013.10.015
that all clinical DENV imported cases would be detected,
was 0.02% for 2007 and 0.06% for 2010 of travellers to
tropical or subtropical regions. The higher estimate, made
based on the assumption that the current diagnostic re-
quests reflect a fraction of all febrile travellers, was 3.7%
for 2007 and 7.6% for 2010 of travellers to tropical or sub-
tropical regions. We did not perform further calculations
using the number of viremic travellers because of the low
number of travellers tested by RT-PCR.

Discussion

Completeness of diagnostic data

We explored the potential use of diagnostic request data
for systematic monitoring of trends in arboviral disease in
Dutch travellers around the world, using DENV diagnostic
data as a model [15]. We received information on 10,540
diagnostic samples from 8942 patients. Only 42% of the
diagnostic requests provided information on travel history
thereby limiting the usable amount of data to a large
extent. Because of such a large amount of requests this
loss of usable data seemed to be partially compensated as
gnostic data as a method of surveillance of arboviral infection in
dicine and Infectious Disease (2013), http://dx.doi.org/10.1016/
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analysis still provided results. The literally complete lack
of vaccination background data is of concern, as this in-
formation is essential for interpretation of serological
diagnostic results of patients. The envelope protein of
flavivirus is the main target for immune response [25e27].
Many common epitopes on the envelope protein cause
cross-reactivity between flaviviruses in diagnostic tests
[18,28,29]. Recent vaccination could cause cross-reactive
antibody titres against other flaviviruses, mainly for IgG
antibodies [16,19,30]. Although this factor has been taken
into account when validating the cut-offs per laboratory
for travellers to countries where YFV vaccination is
compulsory (parts of South America) or highly recom-
mended (Central Africa), this possible confounding factor
could not be excluded when evaluating the IgG test re-
sults [16]. We tried to reduce the influence of this
possible confounder by focusing further analysis on IgM
data. This lack of information should however be further
investigated to identify probable causes along the diag-
nostic request chain, for example (1) shortage of time by
physicians to complete request forms, (2) the lack in
understanding of how vital this information is for inter-
pretation or (3) the lack in knowledge of the usability of
this data of surveillance. The use of digital request forms
with compulsory fields might prove beneficial for
improving completeness of diagnostic data. Lack of
additional information on travel times of individual pa-
tients could be compensated by extending the national
information used on travel destinations into seasons and
link these to the of diagnostic trends per month. This
approach can only be used when sufficient diagnostic
requests are available, reflecting travel behaviour of the
patient population that is subject to national prefer-
ences. Potentially combining information on an interna-
tional level might provide a better spread in data per
country and strengthen the data per visited country. This
data could provide laboratory and background parameters
for surveillance supplementary to what is already done
through the Geosentinel system [6,7].
Trends in diagnostic requests and results

The low number of requests for PCR is also of concern,
especially because of the high percentage of PCR positive
samples in both IgM positive and negative samples. In the
Netherlands diagnostic samples may only be tested based
on what the physician specifically requests. The lack in PCR
requests is therefore probably based on the assumption
that travellers are frequently not viremic anymore on time
diagnosis. The number of PCR positive samples is therefore
so low (one or two per destination) that no surveillance on
travel destination is possible, but show that potentially a
large number of viremic travellers return to the
Netherlands annually.

There was a clear increase in the DENV requests and IgM
positive patients over recent years (Fig. 1), similar to what
was observed in other countries across the EU like Germany
and the United Kingdom [31e33]. The proportion of trav-
ellers with diagnostic requests has increased (Fig. 1). This
may reflect true increase in DENV prevalence or more
awareness of DENV risk among Dutch physicians.
Please cite this article in press as: Cleton N, et al., Using routine dia
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Trends in travel history per region

Although most diagnostic requests involved patients
returning from Asia, the most positive samples came from
the Americas, possibly for the reasons given above,
whereas DENV was rarely diagnosed in travellers returning
from Africa (Table 1). This is interesting as DENV is endemic
in a large part of Africa. Possibly physician awareness might
play a role in requesting dengue testing in travellers to
Africa.

Trends in travel history per country

Three of the five top travel destinations for Dutch travellers
have a colonial past with the Netherlands and therefore the
high number of travellers in part are explained by citizens
visiting friends and relatives. Such specific groups of trav-
ellers may bias results for two reasons: the local population
might have more up to date knowledge of currently circu-
lating diseases and might inform the visitors of possible
DENV when they get ill. Secondly, the higher contribution of
frequent visitors may influence the proportion of IgG-only
positive patients as can be seen for Surinam where the
percentage of IgG positive patients was higher than for
other travel destinations (Fig. 2). However, Surinam is also
a yellow fever endemic country where vaccination is rec-
ommended. The high IgG proportion could therefore also be
due to yellow fever vaccination cross-reactivity [16,19,30].
From this data alone, it is difficult to distinguish between
these possibilities because of a small percentage of pa-
tients with vaccination history. The high frequency of IgG
positive samples also emphasizes the need for a convales-
cent sample for identification of a recent infection. This
does support focusing trend monitoring more on IgM results
and less on IgG until information on vaccination history is
provided more regularly.

Trends in DENV IgM positive results by country
compared to WHO DENV notifications

WHO notification data on the Caribbean, Central America
and the northern part of South America indicate large DENV
outbreaks in 2007, 2009, 2010 and high DENV activity in
2008 [34]. This corresponds to our diagnostic findings for
Surinam from 2007 onwards, but does not correspond to the
WHO dengue data reported on Surinam itself. It seems
implausible that all Surinam surrounding countries would
experience outbreaks and Surinam would remain unaf-
fected. Possibly, reporting of DENV cases to the WHO was
affected for some reason during this period. Monitoring
based on diagnostic results with WHO notification therefore
has a clear added value.

The diagnostic results for travellers from Indonesia and
India show less correlation. Both these destinations are less
popular than the previously mentioned three. Dutch trav-
ellers focus their travels mainly on Borneo, Bali and Java
islands making them less representative for all Indonesia.
Focusing outbreak information on only these three islands
may prove to be more accurate in relation to travellers.

Occasionally, a deviation from the trend indicated
presence of high numbers of patients with dengue-like
gnostic data as a method of surveillance of arboviral infection in
dicine and Infectious Disease (2013), http://dx.doi.org/10.1016/
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symptoms, for instance in the data for India for 2005 and
2006. This may indicate an outbreak of another disease
with symptoms comparable to DENV (hence the DENV
diagnostic request) but that causes no cross-reactivity (thus
probably not a flavivirus). Outbreak reports suggest a
possible increase in chikungunya infections in this area
from 2005 onwards that might influence the increase in
probable DENV clinical cases reported [35,36]. The data
from the WHO is dependent on reporting of local health
institutes and laboratories, each using different diagnostic
methods, and not always based on diagnostic confirmation.
For some regions the reliance on clinical case notifications
might influence DENV trends of clinical syndromes overlap,
as for instance is the case for Chikungunya virus infection.

Estimation of the proportion of DENV cases in
travellers, between 2007 and 2010

The estimated proportion of dengue cases in travellers was
found to be between 0.02%e3.7% and 0.06%e7.6% of all
travels to DENV risk countries in 2007 and 2010. This esti-
mation seems to be in accordance with earlier prospective
studies by Cobelens et al. in 1991e1992 who found
1.7e5.1% incidence rate of dengue for travellers to high risk
countries in Asia, and Baaten et al. in 2006e2007 who found
that 1.2% of travellers to the tropics seroconverted [33,38].
The calculation of the number of infected travellers
showed a 100-fold difference between lower and higher
estimates, but indicated that the chances of DENV impor-
tation into the Netherlands due to viremic travellers are
potentially high. The information does provide some over-
view of potential risks. This may become relevant in case of
mosquito invasions, as were observed in Italy with the
outbreak of chikungunya due to introduction by a traveller
and subsequent transmission through mosquitoes that were
competent for transmission of alphaviruses [39]. Tilston
et al. used the estimated number of viremic travellers
flying into Europe from known chikungyna outbreaks areas
to identify high risk regions in Europe for chikungunya
outbreaks. They proposed an enhanced traveller-based
surveillance in parts of Europe supported by this estima-
tion [40]. Our data could be a further addition to this sur-
veillance approach.

Our study also has weaknesses: the dataset is biased
because (a) recruitment is dependent on a patient devel-
oping symptoms severe enough to seek out medical care,
(b) diagnostic requests are based on awareness of physi-
cians, (c) completeness of data provision by physicians in-
fluences the usefulness for surveillance, and (d) travel
behaviour is specific to the Netherlands.

Conclusion

We showed that trends in diagnostic requests and results
can be identified and correspond partially to the WHO DENV
reports on DENV outbreaks per country for the three top
popular travel destinations of Dutch travellers. Occasional
discrepancies were seen that could be explained either by
underreporting of data to the WHO, or under-diagnosis of
DENV as a cause of illness in travellers. The data offers a
wide range of additional parameters that can be used as a
Please cite this article in press as: Cleton N, et al., Using routine dia
travellers: A comparative analysis with a focus on dengue, Travel Me
j.tmaid.2013.10.015
source of information not only on current possible out-
breaks, but also changes in awareness as well as high or low
risk countries or populations. Secondly, this approach may
also provide information on disease outbreaks with other
pathogens causing diseases that are similar to DENV clini-
cally. Currently, the number of PCR tested samples is too
low and provides insufficient data for trend analysis based
on travel destination, but shows that potentially a large
number of viremic travellers return to the Netherlands
annually.

Competing interests

None declared.

Conflict of interest

None declared.

Funding

None.

Ethical approval

In accordance with the Dutch law on medical research
(WMO), article 1.

Acknowledgements

We would like to thank Linda Verhoef, Kees van Wijngaard
and Ewout Fanoy for their critical insights while writing this
paper and Maarten Schipper and Janko van Beek for their
technical support of ‘R’.

Appendix A. Supplementary data

Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.tmaid.2013.10.015.

References

[1] Kilpatrick AM. Globalization, land use, and the invasion of
West Nile virus. Science 2011;334(6054):323e7.

[2] Gould EA, Higgs S. Impact of climate change and other factors
on emerging arbovirus diseases. Trans R Soc Trop Med Hyg
2009;103(2):109e21. Epub 2008/09/19.

[3] Freedman DO, Weld LH, Kozarsky PE, Fisk T, Robins R, von
Sonnenburg F, et al. Spectrum of disease and relation to place
of exposure among ill returned travelers. N Engl J Med 2006;
354(2):119e30.

[4] Wilson ME, Freedman DO. Etiology of travel-related fever.
Curr Opin Infect Dis 2007;20(5):449.

[5] Gautret P, Schlagenhauf P, Gaudart J, Castelli F, Brouqui P,
Von Sonnenburg F, et al. Multicenter Euro-
TravNet/GeoSentinel study of travel-related infectious dis-
eases in Europe. Emerg Infect Dis 2009;15(11):1783.

[6] Ericsson CD, Hatz C, Leder K, Tong S, Weld L, Kain KC, et al.
Illness in travelers visiting friends and relatives: a review of
gnostic data as a method of surveillance of arboviral infection in
dicine and Infectious Disease (2013), http://dx.doi.org/10.1016/

http://dx.doi.org/10.1016/j.tmaid.2013.10.015
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref1
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref1
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref1
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref2
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref2
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref2
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref2
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref3
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref3
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref3
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref3
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref3
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref4
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref4
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref5
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref5
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref5
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref5
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref6
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref6


8 N. Cleton et al.

+ MODEL
the GeoSentinel Surveillance Network. Clin Infect Dis 2006;
43(9):1185.

[7] Wilson ME, Weld LH, Boggild A, Keystone JS, Kain KC, von
Sonnenburg F, et al. Fever in returned travelers: results from
the GeoSentinel Surveillance Network. Clin Infect Dis 2007;
44(12):1560e8.

[8] Wilson ME. The traveller and emerging infections: sentinel,
courier, transmitter. J Appl Microbiol 2003;94(Suppl):1Se11S.
Epub 2003/04/05.

[9] International travel and health. Available from: http://www.
who.int/ith/en/index.html; 2011.

[10] Allwinn R, Hofknecht N, Doerr HW. Dengue in travellers is still
underestimated. Intervirology 2008;51(2):96e100.

[11] Chen LH, Wilson ME. Dengue and chikungunya infections in
travelers. Curr Opin Infect Dis 2010;23(5):438e44. Epub
2010/06/29.

[12] Wilder-Smith A, Schwartz E. Dengue in travelers. N Engl J Med
2005;353(9):924e32.

[13] Weaver SC, Barrett AD. Transmission cycles, host range, evo-
lution and emergence of arboviral disease. Nat Rev Microbiol
2004;2(10):789e801. Epub 2004/09/21.

[14] Vasilakis N, Weaver SC. The history and evolution of human
dengue emergence. Adv Virus Res 2008;72:1e76. Epub
2008/12/17.

[15] Nsubuga P, White ME, Thacker SB, Anderson MA, Blount SB,
Broom C, et al. In: Jamison D, Breman J, Measham A,
Alleyne G, Claeson M, Evans D, et al., editors. Public health
surveillance: a tool for targeting and monitoring in-
terventions. 2 ed. Washington DC: World Bank; 2006.

[16] Mansfield KL, Horton DL, Johnson N, Li L, Barrett ADT,
Smith DJ, et al. Flavivirus-induced antibody cross-reactivity. J
Gen Virol 2011;92(12):2821e9. Epub 2011 Sep. 7.

[17] Calisher CH, Karabatsos N, Dalrymple JM, Shope RE,
Porterfield JS, Westaway EG, et al. Antigenic relationships
between flaviviruses as determined by cross-neutralization
tests with polyclonal antisera. J Gen Virol 1989;70(1):37.

[18] Beltramello M, Williams KL, Simmons CP, Macagno A,
Simonelli L, Quyen NTH, et al. The human immune response to
Dengue virus is dominated by highly cross-reactive antibodies
endowed with neutralizing and enhancing activity. Cell Host
Microbe 2010;8(3):271e83.

[19] Houghton-Triviño N, Montaña D, Castellanos J. Dengue-yellow
fever sera cross-reactivity; challenges for diagnosis. Revista
de Salud Pública 2008;10(2):299e307.

[20] Henning KJ. What is syndromic surveillance? Morb Mortal Wkly
Rep Suppl 2004;53:7e11.

[21] ContinuVakantieOnderzoek. Reisgedrag van Nederlanders
2001e2011 [Travel behaviour of Dutch travellers 2001e2011]
nbtc-nipo research; 2001e2011 [cited 2012 June]; Available
from: http://www.nbtcniporesearch.nl/nl/Home/Producten-
en-diensten/cvo.htm.

[22] Kyle JL, Harris E. Global spread and persistence of dengue.
Annu Rev Microbiol 2008;62:71e92.

[23] Antinori S, Galimberti L, Gianelli E, Calattini S, Piazza M,
Morelli P, et al. Prospective observational study of fever in
hospitalized returning travelers and migrants from tropical
Please cite this article in press as: Cleton N, et al., Using routine dia
travellers: A comparative analysis with a focus on dengue, Travel Me
j.tmaid.2013.10.015
areas, 1997e2001. J Travel Med 2004;11(3):135e42. Epub
2005/02/16.

[24] Ansart S, Perez L, Vergely O, Danis M, Bricaire F, Caumes E.
Illnesses in travelers returning from the tropics: a prospective
study of 622 patients. J Travel Med 2005;12(6):312e8. Epub
2005/12/14.

[25] Chavez JH, Silva JR, Amarilla AA, Moraes Figueiredo LT.
Domain III peptides from flavivirus envelope protein are useful
antigens for serologic diagnosis and targets for immunization.
Biologicals 2010;38(6):613e8. Epub 2010/09/08.

[26] Hiramatsu K, Tadano M, Men R, Lai CJ. Mutational analysis of a
neutralization epitope on the dengue type 2 virus (DEN2] en-
velope protein: monoclonal antibody resistant DEN2/DEN4
chimeras exhibit reduced mouse neurovirulence. Virology
1996;224(2):437e45.

[27] Zhang Y, Zhang W, Ogata S, Clements D, Strauss JH, Baker TS,
et al. Conformational changes of the flavivirus E glycoprotein.
Structure 2004;12(9):1607e18. Epub 2004/09/03.

[28] Crill WD, Chang GJJ. Localization and characterization of
flavivirus envelope glycoprotein cross-reactive epitopes. J
Virol 2004;78(24):13975.

[29] Stiasny K, Kiermayr S, Holzmann H, Heinz FX. Cryptic prop-
erties of a cluster of dominant flavivirus cross-reactive anti-
genic sites. J Virol 2006;80(19):9557e68. Epub 2006/09/16.

[30] Allwinn R, Doerr HW, Emmerich P, Schmitz H, Preiser W. Cross-
reactivity in flavivirus serology: new implications of an old
finding? Med Microbiol Immunol 2002;190(4):199e202. Epub
2002/05/15.

[31] Allwinn R. Significant increase in travel-associated dengue fever
in Germany. Med Microbiol Immunol 2011;200(3):155e9.

[32] Johnston V, Stockley JM, Dockrell D, Warrell D, Bailey R,
Pasvol G, et al. Fever in returned travellers presenting in the
United Kingdom: recommendations for investigation and initial
management. J Infect 2009;59(1):1e18. Epub 2009/07/15.

[33] BaatenGGG, SonderGJB, ZaaijerHL, vanGool T, Kint JA, vanden
Hoek A. Travel-related dengue virus infection, the Netherlands,
2006e2007. Emerg Infect Dis 2011;17(5):821e8.

[34] Epidemiological alert: update on dengue situation in the
Americas. Available from: http://www.cdc.gov/dengue/
travelOutbreaks/index.html; 2011.

[35] Her Z, Kam YW, Lin RTP, Ng LFP. Chikungunya: a bending re-
ality. Microbes Infect 2009;11(14e15):1165e76.

[36] Reusken CBEM, Bakker J, Reimerink JHJ, Zelena H,
Koopmans MGP. Underdiagnosis of chikungunya virus in-
fections in symptomatic Dutch travelers returning from the
Indian ocean area. J Trav Med 2013;20(1):44e6.

[38] Cobelens FGJ, Groen J, Osterhaus ADME, Leentvaar Kuipers A,
Wertheim van Dillen PME, Kager PA. Incidence and risk factors
of probable dengue virus infection among Dutch travellers to
Asia. Trop Med Int Health 2002;7(4):331e8.

[39] Grandadam M, Caro V, Plumet S, Thiberge JM, Souarès Y,
Failloux AB, et al. Chikungunya virus, southeastern france.
Emerg Infect Dis 2011;17(5):910.

[40] Tilston N, Skelly C, Weinstein P. Pan-European Chikungunya
surveillance: designing risk stratified surveillance zones. Int J
Health Geogr 2009;8:61. Epub 2009/11/03.
gnostic data as a method of surveillance of arboviral infection in
dicine and Infectious Disease (2013), http://dx.doi.org/10.1016/

http://refhub.elsevier.com/S1477-8939(13)00184-1/sref6
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref6
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref7
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref7
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref7
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref7
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref7
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref8
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref8
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref8
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref8
http://www.who.int/ith/en/index.html
http://www.who.int/ith/en/index.html
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref10
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref10
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref10
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref11
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref11
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref11
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref11
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref12
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref12
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref12
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref13
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref13
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref13
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref13
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref14
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref14
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref14
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref14
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref15
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref15
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref15
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref15
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref15
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref16
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref16
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref16
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref16
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref17
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref17
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref17
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref17
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref18
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref18
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref18
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref18
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref18
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref18
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref19
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref19
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref19
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref19
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref20
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref20
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref20
http://www.nbtcniporesearch.nl/nl/Home/Producten-en-diensten/cvo.htm
http://www.nbtcniporesearch.nl/nl/Home/Producten-en-diensten/cvo.htm
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref21
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref21
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref21
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref22
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref22
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref22
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref22
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref22
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref22
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref22
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref23
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref23
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref23
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref23
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref23
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref24
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref24
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref24
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref24
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref24
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref25
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref25
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref25
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref25
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref25
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref25
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref26
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref26
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref26
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref26
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref27
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref27
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref27
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref28
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref28
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref28
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref28
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref29
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref29
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref29
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref29
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref29
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref30
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref30
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref30
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref31
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref31
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref31
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref31
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref31
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref32
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref32
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref32
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref32
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref32
http://www.cdc.gov/dengue/travelOutbreaks/index.html
http://www.cdc.gov/dengue/travelOutbreaks/index.html
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref34
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref34
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref34
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref34
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref36
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref36
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref36
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref36
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref36
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref38
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref38
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref38
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref38
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref38
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref39
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref39
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref39
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref40
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref40
http://refhub.elsevier.com/S1477-8939(13)00184-1/sref40

	Using routine diagnostic data as a method of surveillance of arboviral infection in travellers: A comparative analysis with ...
	Introduction
	Methods
	Diagnostic data
	Data analysis
	Travel data
	Estimation of the proportion of DENV infections in travellers, 2010
	Statistical analysis

	Results
	Completeness of diagnostic data
	Trends in diagnostic requests and results
	Trends in travel history by region
	Trends in travel history by country
	Trends in DENV IgM positive results by country compared to WHO DENV notifications
	Estimation of the proportion of DENV cases in travellers, 2007 and 2010

	Discussion
	Completeness of diagnostic data
	Trends in diagnostic requests and results
	Trends in travel history per region
	Trends in travel history per country
	Trends in DENV IgM positive results by country compared to WHO DENV notifications
	Estimation of the proportion of DENV cases in travellers, between 2007 and 2010

	Conclusion
	Competing interests
	Conflict of interest
	Funding
	Ethical approval
	Acknowledgements
	Acknowledgements
	Appendix A Supplementary data
	References


