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Arboviruses have overlapping geographical distributions and can cause symptoms that
coincide with more common infections. Therefore, arbovirus infections are often neglected
by travel diagnostics. Here, we assessed the potential of syndrome-based approaches for
diagnosis and surveillance of neglected arboviral diseases in returning travelers.

Method
To map the patients high at risk of missed clinical arboviral infections we compared the
quantity of all arboviral diagnostic requests by physicians in the Netherlands, from 2009
through 2013, with a literature-based assessment of the travelers’ likely exposure to an
arbovirus.
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Results
2153 patients, with travel and clinical history were evaluated. The diagnostic assay for dengue virus (DENV) was the most commonly requested (86%). Of travelers returning from
Southeast Asia with symptoms compatible with chikungunya virus (CHIKV), only 55% were
tested. For travelers in Europe, arbovirus diagnostics were rarely requested. Over all, diagnostics for most arboviruses were requested only on severe clinical presentation.

Conclusion
Travel destination and syndrome were used inconsistently for triage of diagnostics, likely
resulting in vast under-diagnosis of arboviral infections of public health significance. This
study shows the need for more awareness among physicians and standardization of syndromic diagnostic algorithms.
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Author Summary
Physicians attending travelers with particular symptoms often neglect those infections
that are transmitted by arthropods like ticks and mosquitoes (arboviruses) or don’t test for
the appropriate arboviruses. This is because arboviruses cause symptoms that are similar
to more common infections and because there is a geographical overlap in the arbovirus
infections that people have a large chance of being infected with. We compared the
amount of times that Dutch physicians had patients tested for arboviral infections with the
likelihood that Dutch travelers would be exposed to particular arboviruses. Whereas
research and diagnostics generally focus on only one virus, our study was uniquely comprehensive and systematic in that it analyzed multiple viruses simultaneously on the basis
of a unique national database. The research shows that the current viruses travelers are
tested for is incomplete and likely many more people carry these kinds of diseases than are
diagnosed. As these diseases pose potential public health threats, physicians should be
more aware of the diseases that travelers could be infected with, and protocols are needed
regarding what infectious diseases physicians should check for when patients present with
particular symptoms.

Introduction
Globalization has resulted in a steep increase in travel and trade.[1, 2] In recent decades it has
contributed to the spread of diseases that traditionally emerged only regionally but now
threaten populations across the globe, stressing the need for global health surveillance.[1, 2]
Among these emerging threats, arboviruses form a unique group, with a large public health
impact in endemic countries, a tendency to expand their geographical distribution through
trade and travelers, and colonize previously unaffected areas. Due to their vector-borne and
often zoonotic nature, they require targeted surveillance and control schemes. This requirement is particularly relevant when evaluating symptoms of illness in travelers. Of all those
returning from developing, tropical, or subtropical countries, 8% require medical care on
return.[3] For those returning from Africa and Southeast Asia, fever is the most common reason for seeking medical care; for travelers returning from the Caribbean and South America,
rash is the most common reason. Around 50% of the cases remain undiagnosed in clinics
focused on travel medicine, and this percentage is likely higher in less specialized clinics.[3]
The traveler’s personal physician is therefore an important link in ongoing arbovirus surveillance in travelers and the gate-keepers of disease detection.
Correct diagnosis of arbovirus infections in travelers is challenging. Arboviruses have overlapping geographical distributions and cause symptoms that coincide with more common
infections.[4] If general practitioners consider an arbovirus infection in their differential diagnosis, they commonly test for the best known arboviral disease, Dengue virus (DENV). Laboratory diagnostics for travelers are largely based on serologic testing, since viremia is short-lived
and has often already dropped to undetectable levels when severe symptoms appear and diagnostics are performed.[5, 6] The use of serologic results for arbovirus diagnosis and surveillance requires careful evaluation due to cross-reactivity of antibodies to related viruses.[7]
Also, several vaccines, notably for Yellow fever, Tick-borne encephalitis and Japanese encephalitis, can cause false-positive serological tests.[7]
For these reasons, arbovirus illness is under-diagnosed, as evidenced by studies of unexplained illness in returned travelers.[8–10] A potential solution would be the development of
syndromic arboviral disease detection methods that cover the most common arboviruses and

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004073

September 15, 2015

2 / 15

Syndromic Approach to Arboviral Diagnostics for Travelers

simultaneously provide surveillance information.[11] Here we aimed to assess the potential
added value of syndrome-based approaches for diagnosis and surveillance of neglected arboviral diseases in returning Dutch travelers.

Methods
To map the patients high at risk of missed clinical arboviral infections in returned Dutch travelers, we compared the quantity and quality of all arboviral diagnostic requests by Dutch physicians, from 2009 through 2013, with a previously extensive literature-based assessment of
travelers’ likely infection with an arbovirus.[4] The overlapping syndromes and geography,
based on and updated from that review are depicted in Fig 1.

Database construction
For retrospective patient analysis, a database was created by integrating data from the two
arbovirus diagnostic reference centers in the Netherlands: Erasmus Medical Centre in Rotterdam and The National Institute for Public Health and the Environment in Bilthoven. Previously, we described trends of DENV diagnostics in the Netherlands from 2000–2010.[12] The
current study included almost all arbovirus diagnostic requests from Dutch physicians from
2009 through 2013 in the Netherlands. In the case of DENV not all data was included because
10% of the DENV diagnostics were performed outside the arbovirus reference centers and
were not included in this dataset. For syndromic analysis, only entries were included where
travel and clinical history were provided. To define the syndromes, entries in the database were
reviewed by a consultant microbiologist, and infectious disease clinicians assigned them to syndrome categories (Table 1).

Patient test result classification
Due to the laboratory-specific variety in diagnostic methods used, we classified each patient’s
test results according to the validated methods and cut-offs for the pertinent laboratory. Results
were classified as positive for a disease if the patient had (1) a positive PCR result with <40
cycles, (2) an IgM above an individual laboratory-determined cut-off, or (3) a minimum fourfold increase in IgG titers between two consecutive samples. For DENV patients, (4) a positive
non-structural protein 1(NSI) antigen-capture test was among the criteria.[6]

Analysis of the likelihood of arboviral infections in travelers
The likelihood of infections by arboviruses other than DENV was based on a previously published article in which we developed syndromic diagnostic algorithms based on data from an
exhaustive review of the literature addressing geographic distribution and prevalence of arboviruses by syndrome.[12] Optimal diagnostic algorithms using a combination of clinical syndromes and geographical distribution presented were updated and used as a basis for our
current analysis (Fig 1). In short, criteria used to prioritize arboviruses for the diagnostic algorithm were: a) circulation in urbanized areas, due to the use of humans as reservoir hosts, or
the presence of reservoir hosts colonizing urban areas, b) known endemic disease, c) tourist
activity in the area, d) high rate of exposure in resident population, and e) recorded cases of
infections in travelers.[4] These diagnostic algorithms were used in the current article to identify gaps that may occur with a physician-indexed single-virus approach.
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Fig 1. Geographical distribution of medically important arboviruses that cause febrile disease in humans. All arboviruses cause febrile symptoms,
but symptoms more specific to certain viruses are represented in three columns: 1) Arthralgia-Rash (AR); 2) Neurological symptoms (NS), and 3)
Hemorrhagic symptoms (HS). Arboviruses not known to cause more than febrile symptoms are preceded with a §-sign. Arboviruses more likely to be
diagnosed in travelers are followed by *. DENV^ is a serocomplex encompassing multiple dengue viruses that can cause similar clinical disease in humans.
For viruses in gray type, diagnostics are unavailable in the Netherlands but in most cases can tested through the European Network for Imported Viral
Diseases (ENVID). Geographical regions based on UN definitions of world regions. EU, Sub-Saharan Africa and South & Southeast Asia regions are
grouped in these representations for visual clarity but are subdivided according to UN definitions for analysis as can been seen in Figs 3–6. AR = arthralgiarash; NS = neurological symptoms; HS = hemorrhagic symptoms; AKHV = Alkhurma hemorrhagic fever virus; BANV = Banna virus; BFV = Barmah Forest
virus; BWAV = Bwamba virus; BUNV = Bunyamwera virus; CEV = California encephalitis virus; CHIKV = Chikungunya virus; CTFV = Colorado tick fever
virus; CCHFV = Crimean-Congo hemorrhagic fever; DENV = Dengue virus; EEEV = Eastern equine encephalitis virus; GROV = Guaroa virus; ILEV = Ilesha
virus; ILHV = Ilheus virus; JEV = Japanese encephalitis virus; KFDV = Kyasanur Forest disease virus; LCV = La cross virus; LIV = Louping Ill virus;
MAYV = Mayaro virus; MURV = Murray Valley virus; NRIV = Ngari virus; OHFV = Omsk hemorrhagic fever virus; ONNV = O’Nyong Nyong virus;
OROV = Oropouche virus; RVFV = Rift Valley fever virus; ROCV = Rocio virus; RRV = Ross river virus; SFV = Sandfly fever (Naples / Sicilian / other); SFTS
V = Severe Fever with Thrombocytopenia Syndrome Virus; SINV = Sindbis virus; SLEV = St. Louis encephalitis virus; TAHV = Tahyna virus;
TATV = Tataguine virus; TBEV = Tick-borne encephalitis virus; TOSV = Toscana virus; VEEV = Venezuelan equine encephalitis virus; WEEV = Western
equine encephalitis virus; WNV = West Nile virus; YFV = Yellow fever virus; ZIKV = Zika virus.
doi:10.1371/journal.pntd.0004073.g001

Travel data
Travel data for Dutch travelers was based on the year 2011. They were extracted from a commercial database “ContinuVakantieOnderzoek” (CVO) created for trend analysis in the tourism industry. Its data are collected and converted into national numbers every three months by
interviewing individuals in about 15,000 Dutch households on their travel destinations, activities, lodging, transport, and booking method.[13] Using data from 2011 provided a representative distribution of Dutch travel behavior from 2009–2011. Only slight country specific
fluctuations were reported.[13]

Statistical analysis
The analysis was performed in STATA.[14] Pearson's chi-square test was used to assess for
equality of proportions. Multivariable logistic regression models (Table 2) reporting odds ratios
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Table 1. Clinical manifestations classified per syndrome used for search in diagnostic database. Search was based on approximation of listed terms
in multiple languages.
Syndrome

Respiratory

Enteric

Febrile

Neurological

Skin

Rheumatic

Hemorrhagic

Symptoms

Throat ache

Diarrhea

Fever

Glasgow coma
scale

Rash

Rheumatic
pain

Secondary/ primary
hemostasis

Coughing

Vomiting

Pyrexia

Coma

Exanthema

Joint pain

Hematemesis

Wheezing

Dehydration

Febrile

Reduced
responsiveness

Spots

Arthralgia

Hemoptysis

Hoarseness

Nausea

Temperature

Epileptic symptoms

Erythema

Arthritis

Melena

Nasal / ocular
discharge

Gastroenteritis

Malaise

Encephalitis

Maculopuritis

Vasculitis

Hemorrhagic diatheses

Bronchitis

Abdominal
pain

Flu-like
symptoms

Meningitis

Thrombocytopenia

Pneumonia

Myelitis

Petechial

Rhinitis

Ataxia

Ecchymosis

Hypoxia

Paresis

Anemia

Dyspnea

Flaccid paralysis

DIC (diffuse intra-vascular
coagulation)

Apnea

Neurological
symptoms

Reduced clotting

Pleural effusion

Neurological
dysfunction

Reduced platelet count

Chest congestion

Neurological
disease

Earache

Polyradiculitis

Otalgia
Sinusitis
Epiglottitis
doi:10.1371/journal.pntd.0004073.t001

were used with a 95% confidence level.[14] Heatmaps were generated using the additional R
package “stats”[15] and based on pair-wise correlation between rows and columns.

Ethical statement
This research was conducted in accordance with the Dutch law on medical research (WMO),
article 1. In compliance with Dutch Law and medical ethical guidelines, no personal identifiers
were included and no informed consent was required for use of data in this study.

Results
General dataset
Over the five year study period 8126 patients were tested for arboviral diseases in the Netherlands. Of the patients, 44% presented to larger hospitals or specialized travel clinics. All other
patients were seen at smaller hospitals or local clinics. Molecular tests comprised 1.3% of diagnostic tests performed. Larger hospitals and specialized travel/tropical clinics tested on average
for 1.7 viruses per patient compared to 1.2 in smaller hospitals and local clinics. The patient
male to female ratio was 1.04. Vaccination history was recorded on the diagnostic request for
only 14 patients (<1%).
Of all patients, 2153 (26%) had information on travel history and clinical history and were
thus included for further syndrome and travel-based analysis. Of these, 23% had provided a
second serum sample needed for determination of a potential IgG titer increase. With a median
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Table 2. Adjusted odds ratios of statistically significant predictive syndromes for a positive test outcome. The test is stated in column 1, with corresponding variables in column 2. Variables were adjusted for age, sex, travel region, and diagnostic laboratory.
Dependent variable

Independent
Variable

DENV-positive versus negative test outcome (based on 1843 patients with DENVdiagnostic tests performed)

CHIKV-positive versus negative test outcome (based on 736 patients with CHIKVdiagnostic tests performed)

Adjusted Odds
ratio

95% CI

Pvalue

Febrile symptoms

2.0

1.2–3.0

<0.01

Rash

1.9

1.3–2.5

<0.01

Arthralgia-arthritis

0.5

0.3–0.8

<0.01

Hemorrhagic
symptoms

2.8

1.8–4.5

<0.01

Neurological
symptoms

0.7

0.2–1.9

0.4

Respiratory
symptoms

0.5

0.3–0.8

<0.01

Enteric symptoms

0.8

0.5–1.1

0.1

Febrile symptoms

1.5

0.7–3.2

0.3

Rash

4.0

2.2–7.1

<0.01

Arthralgia-arthritis

2.9

1.7–5.2

<0.01

Hemorrhagic
symptoms

0.4

0.1–3.4

0.4

Neurological
symptoms

0.7

0.1–6.2

0.7

Respiratory
symptoms

0.3

0.1–1.1

0.1

Enteric symptoms

0.4

0.1–1.1

0.1

doi:10.1371/journal.pntd.0004073.t002

of 7 days, the average number of days elapsed between onset of symptoms and first sampling
was 17.5 (95%CI 14.0–20.3). This number is based on the 317 patients with clinical and travel
history for whom this chronological information was recorded. Elapsed time did not differ
between patients seen at specialized hospitals/clinics and those visiting smaller hospitals/
clinics.

Comparison travel destination
We analyzed the travel data of Dutch travelers in 2011 to determine the range and importance
of arbovirus tests needed to cover the differential diagnosis for travelers with illness after return
from the various destinations. In 2011, approximately 84% of Dutch travelers traveling abroad
stayed within Europe. Western Asia (predominantly Turkey) was the most popular non-European destination, with nearly one million Dutch vacations booked annually (Fig 2).[13] The
most diagnostic requests (35%) by far, however, were for travelers returning from destinations
in South and Southeast Asia, while only 3% of all travelers had this region as their destination.

Diagnostic requests and outcomes per region
The number of diagnostic requests by travel region and the proportion of positive test results
(Fig 2) show that DENV testing was by far the most commonly requested (86%), yielding the
highest absolute number of cases (Fig 2). When comparing the numbers of requests and proportions of positives by region of travel, substantial differences were observed: diagnostic
requests for ill travelers returning from sub-Saharan Africa were frequent but not often positive, whereas ill travelers returning from popular arbovirus-endemic regions in Central and
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Fig 2. Geographical depiction of the number of diagnostic tests requested after travel to each region (see gray shading and tables) from 2009 to
2013. Boxes show number and percentage of all vacations booked from the Netherlands to each region in 2011.
doi:10.1371/journal.pntd.0004073.g002

Western Asia were rarely tested. A low number of patients who had traveled within Europe
were tested. DENV was tested (N = 41) almost as often as tick-borne encephalitis virus (TBEV)
(N = 57), for which exposure is far more likely. Of note, two of these European travelers tested
DENV-positive. One was a tourist returning from Croatia, who tested DENV-IgM-positive
and borderline NS1-positive. The other tourist had taken a five-day trip to Southern France
and was DENV IgM- and NS1-positive 10 days after return. However, 14 days previous to
onset of symptoms, this traveler had been in Thailand before traveling on to France. Another
virus considered endemic to Europe is Sindbis virus (SINV), for which diagnostics are not
readily available in the Netherlands. Nor are they available for oropouche virus (OROV),
endemic to South America.

Syndromes reported
To assess the potential use of diagnostic requests for syndrome surveillance by region, we analyzed the symptoms recorded for each patient returning from a particular travel destination.
Nearly all patients (86%) reported fever, followed by arthralgia/arthritis (22%) and enteric
symptoms (14%). Information divided per travel region showed regional variation in symptoms recorded (Fig 3). For all regions, fever was the most reported symptom. Proportionally,
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Fig 3. Percentage of patients (left axis) with arbovirus diagnostic requests presenting with symptoms by travel destination (horizontal axis). The
number of patients per group is shown in parentheses on the horizontal axis (based on 2153 patients with both travel and clinical history).
doi:10.1371/journal.pntd.0004073.g003

neurological symptoms were more often reported for travelers returning from a European destination than for travelers from other regions. Arthralgia-arthritis was recorded more frequently for travelers returning from Oceania, with rash being most recorded for Southern
Africa compared to other regions.

Comparing diagnostic requests to diagnostic algorithms
Three heatmaps were created to visualize per continent (Africa, Asia and the Americas) the
correlation between the physicians’ diagnostic requests and the literature-based syndromic
algorithms (Fig 1). In the heatmaps, diagnostic requests are grouped based on the clinically
important arboviral diseases per region within each continent (Figs 4–6). For most regions,
Dutch physicians requested DENV diagnostics for 100% of the travelers who had recorded
symptoms corresponding to DENV infection (fever, rash and joint pain). For some regions, a
lower percentage of such patients was tested, i.e. Northern Africa (67%) (Fig 4), Western Asia
(57%) (Fig 5) and Central America (38%) (Fig 6). In all regions, CHIKV testing was less frequently requested than DENV testing, even though the infections overlap in geographical
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Fig 4. Heatmapsshowing percentage of patients with a travel history to Africa, divided by region (right axis) and recorded symptoms (left axis),
who were tested for each arbovirus (horizontal axes) posing a risk on that continent (see Fig 1). The number of patients in each region-symptom
combination follows each region in parentheses, far right. Groups in which a 100% of patients with a specific region-symptom combination were tested are
depicted as black, with a sliding scale to white for groups in which 0% of patients were tested. Region-symptom combinations that are atypical for a certain
arbovirus are depicted as diagonal lines.
doi:10.1371/journal.pntd.0004073.g004

distribution and range of symptoms to a great extent. On average, 45% of patients with febrile
symptoms, rash and/or arthralgia after travel to CHIKV-risk areas in Asia were not tested for
CHIKV. Patients with symptoms suggesting West Nile Virus (WNV), Japanese encephalitis
(JEV), Rift Valley fever virus (RVFV) and TBEV were tested infrequently (0 to 25%) and only
in association with neurological symptoms. Diagnostics on all other viruses presented in Figs
4–6 were minimally requested.

Predictive factors for positive tests
We analyzed the association between symptoms recorded and test outcomes for DENV and
CHIKV requests in Dutch travelers (Table 2). Patients with rash, hemorrhagic symptoms and
fever had an increased odds of testing positive for DENV, but respiratory symptoms decreased
the odds of being DENV-positive (OR 05). Positive test outcomes for CHIKV were associated
with arthralgia combined with rash. Both DENV and CHIKV were positively associated with
travel history to Southeast Asia.
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Fig 5. Heatmap showing percentage of patients with a travel history to Asia, divided by region (right axis) and recorded symptoms (left axis), who
were tested for each arbovirus (horizontal axes) posing a risk on that continent (see Fig 1). The number of patients in each region-symptom
combination follows each region in parentheses, far right. Groups in which a 100% of patients with a specific region-symptom combination were tested are
depicted as black, with a sliding scale to white for groups in which 0% of patients were tested. Region-symptom combinations that are atypical for a certain
arbovirus are depicted as diagonal lines.
doi:10.1371/journal.pntd.0004073.g005

Discussion
Here we assessed the extent of missed arboviral infections in travelers by a retrospective database analysis of all arboviral diagnostic requests in the Netherlands, from 2009–2013, in comparison with a literature-based assessment of arbovirus exposure while traveling (Fig 1). We
found clear evidence for patient groups high at risk of being under-diagnosed for arboviral disease when evaluated by syndrome and by region. While DENV diagnostics are routinely
requested, other relevant arboviruses are neglected, in particular CHIKV. Arthralgia, for example, is not only associated with DENV infections but also with many arboviruses, including
CHIKV, as we found when calculating odds ratios within the current Dutch data.[4] Nevertheless, less than 55% of patients with symptoms compatible with CHIKV infection were tested
(Fig 4a–4c). Interestingly, hemorrhagic symptoms and rash have a much higher odds ratio
than arthralgia-arthritis for diagnosing DENV. Although arthralgia is an important symptom
in dengue patients, rash and fever are often more pronounced.[16] In the case CHIKV arthralgia-arthritis is more pronounced and is known to have a higher predictive value for distinguishing CHIKV from DENV in endemic settings.[16, 17] Additionally, CHIKV is less well
known by physicians in non-endemic countries so might be only considered if DENV diagnostics are negative.
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Fig 6. Heatmap showing percentage of patients with a travel history to Americas, divided by region (right axis) and recorded symptoms (left axis),
who were tested for each arbovirus (horizontal axes) posing a risk on that continent (see Fig 1). The number of patients in each region-symptom
combination follows each region in parentheses, far right. Groups in which a 100% of patients with a specific region-symptom combination were tested are
depicted as black, with a sliding scale to white for groups in which 0% of patients were tested. Region-symptom combinations that are atypical for a certain
arbovirus are depicted as diagonal lines.
doi:10.1371/journal.pntd.0004073.g006

The analysis of diagnostic requests by region showed a bias toward the more well-known
arboviral risk areas such as Southeast Asia (Figs 2 and 3). For travelers within Europe, arbovirus diagnostics are rarely requested, despite high incidence rates of TBEV reported across
Europe and continuing circulation of WNV in parts of Europe popular with Dutch tourists.[8,
18] This is a general trend also seen in previous reports on travel associated infection presenting in Europe.[19] Housing type and location during travel is an import risk factor for exposure
to specific vectors,[20, 21] and outdoor camping is popular among travelers in Europe.[13]
The number of CHIKV and DENV requests within Europe was almost equivalent to the number of TBEV and WNV test requests, while only a small number of CHIKV and DENV have
been reported.[22–24] The low number of TBEV and WNV requests may reflect a lack of physician awareness of European arboviruses and their risk to travelers; it may also reflect financial
restrictions or limited time.[18]
Our analysis showed that physicians were more likely to extend the diagnostic panel for
patients with more severe or very specific symptoms. For instance, diagnostics for WNV and
Western equine encephalitis virus (WEEV) were usually requested only for patients with neurological complaints, even though fever is the most common clinical presentation in >90% of
WNV and WEEV patients.[25] Similarly, RVFV diagnostic requests were limited to patients

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004073

September 15, 2015

11 / 15

Syndromic Approach to Arboviral Diagnostics for Travelers

with hemorrhagic symptoms (HS) and neurological symptoms (NS), although these severe
symptoms occur in less than 1% of cases, and most patients present only with febrile symptoms
(Fig 4a–4c).[26] This bias toward severe symptoms was likewise reflected by the finding that
patients referred to large hospitals and travel clinics were more extensively evaluated than
those visiting small hospitals and local clinics. Reasons for this difference were not assessed in
our study but are likely related to the fact that 1) general practitioners often omit arbovirus
diagnostics, due in part to budgetary constraints; 2) they may lack knowledge on arboviral disease, and 3) may believe that an arbovirus diagnosis is unlikely to influence their treatment
decisions, particularly if symptoms are mild. However, even mild arbovirus infections can
eventually cause severe or chronic symptoms like arthralgia and, in any case, they pose a potential risk to health workers. Lack of proper diagnosis may lead to unnecessary complications or
extensive later testing of patients. A possible solution to this problem is diagnostic centers providing syndromic and region based diagnostic packages for travelers as presented by the algorithms here.[4] These can be continuously updated in collaboration with specialized physicians
and Public Health professionals. This will relieve the general physicians from keeping up to
date on such a complex and continuously changing area. At the same time physicians are provided with a complete diagnostic selection and data are more suitable for use in surveillance.
Our results show a large variation in the timing of first diagnostic sampling. In our study,
50% of travelers contacted a healthcare provider during the first week of illness. This means
that 50% did not, and viremic patients may introduce viruses into a region, when appropriate
vectors are available, [23, 27] or pose a risk for nosocomial infection.[28, 29] Only 1.3% of all
diagnostic tests performed were molecular, while 50% of patients fell within the range advised
for molecular testing. The timeframe for molecular and serological diagnostics overlap to a
great extent. Within the first days of illness, however, serology has a low sensitivity.[6] A number of the DENV cases may have been secondary, tertiary or quaternary infections. This
reduces the sensitivity of serological detection by IgM in non-primary infections significantly.
[6] Many patients are therefore probably missed due to lack of molecular testing within this
timeframe. To use diagnostic data for syndromic surveillance, a two-tiered approach could be
employed. First, samples collected after three days of illness onset would provide syndromic
information by multiplex serologic testing. Second, if testing showed increased circulation of a
target virus, confirmation and genomic surveillance would follow in patients suspected to harbor that virus sampled within seven days of illness.
There are a number of limitations to this study. Nearly all patients tested for arboviral diseases in the five-year-period in the Netherlands were included. This group, however, only consists of patients that seek medical attention after travel and that are suspected of an arboviral
infection by a clinician. Asymptomatic patients and patients where clinicians did not consider
an arboviral disease are missed. Almost all patients lack vaccination history. Patients with
recent yellow fever vaccinations could cause positive false positive serological tests.[6] Lack in
reporting vaccination history and the resulting possible flavivirus cross-reactivity due to vaccination are known problems when using flavivirus serological diagnostic data.[9] Both diagnostic centers had extensively validated tests internally with yellow fever vaccines and changed
diagnostic cut-offs provided by manufacturer to compensate if possible. However, false positive
tests due to vaccination cannot be excluded.
Infectious disease diagnostics and surveillance of travelers is primarily focused on those
cases or diagnostic outcomes selected and reported by physicians.[30–33] Although this
approach provides essential information, many patients remain undiagnosed, and re-evaluation of the selected pathogens has been advised.[10, 31, 34] However, much knowledge on
probable arbovirus exposure of travelers is based on information originating from the destination country, which may have limited surveillance and diagnostic capabilities. In some of these
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countries, large-scale surveillance projects using a more syndromic approach to infectious diseases have shown extensive under-diagnosis and under-recognition of the importance of many
arbovirus diseases as a cause of common syndromes.[35, 36] This underlines the need, in the
Netherlands and other affluent countries, for more systematic syndrome-based diagnosis and
surveillance in travelers to these regions. It demonstrates the added value of using routine
travel information to support national and international surveillance programs. For such surveillance, capturing only a fraction of all cases may still provide reliable information on disease
trends and possibly local outbreaks, provided the selection is systematic.[9] It is also important
in terms of preparedness for emerging infectious diseases.

Conclusion
A physician’s diagnostic requests for returned travelers can play a key role in infectious disease
surveillance. However, while travel destination and syndrome could be used for triage and
diagnostics, such use is inconsistent. We found clear evidence of patient groups at risk of
under-diagnosis of arboviral disease when evaluated by syndrome and by region.
Based on a comparison between all arboviral diagnostic requests by physicians in the Netherlands between 2009 and 2013 with a literature-based assessment of the likely exposure of the
patients to an arbovirus, we showed that while dengue virus diagnostics are routinely
requested, other relevant arboviruses such as chikungunya virus are neglected, even if travelers
present with relevant symptoms and return from countries where the viruses are endemic. We
also showed that for travelers to European destinations, arbovirus diagnostics were rarely
requested and that for almost all arboviruses and travel destinations, diagnostics were
requested only when patients presented with severe symptoms.
Whether the low number of requests and overemphasis of physicians on patients presenting
with severe symptoms reflects a lack of physician awareness of arboviruses and their risk to
travelers, financial restrictions or limited time, it points at possible gaps in preparedness. Our
paper shows that in order to limit the amount of missed clinical arboviral infections, and to
increase the level of awareness of arboviral infections of public health significance, physicians
should rely on diagnostics and surveillance with a syndromic approach and matching laboratory methods.

Author Contributions
Conceived and designed the experiments: NBC CBEMR MPGK. Performed the experiments:
NBC EEvdV. Analyzed the data: NBC JFPW CBEMR MPGK. Contributed reagents/materials/
analysis tools: JR AAvdE. Wrote the paper: NBC JFPW EEvdV JR AAvdE CBEMR MPGK.

References
1.

Gould EA, Higgs S. Impact of climate change and other factors on emerging arbovirus diseases. Transactions of the Royal Society of Tropical Medicine and Hygiene. 2009; 103(2):109–21. doi: 10.1016/j.
trstmh.2008.07.025 PMID: 18799177

2.

Chen LH, Wilson ME. Dengue and chikungunya infections in travelers. Curr Opin Infect Dis. 2010; 23
(5):438–44. doi: 10.1097/QCO.0b013e32833c1d16 PMID: 20581669

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. New England Journal of Medicine. 2006;
354(2):119–30. PMID: 16407507

4.

Cleton N, Koopmans M, Reimerink J, Godeke GJ, Reusken C. Come fly with me: review of clinically
important arboviruses for global travelers. Journal of clinical virology: the official publication of the Pan
American Society for Clinical Virology. 2012; 55(3):191–203.

5.

Kuno G. Serodiagnosis of flaviviral infections and vaccinations in humans. Advances in virus research.
2003; 61:3–65. PMID: 14714429

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004073

September 15, 2015

13 / 15

Syndromic Approach to Arboviral Diagnostics for Travelers

6.

Buchy P, Peeling R. Laboratory Diagnosis and Diagnostic tests. In: WHO, editor. Dengue: Guidelines
for Diagnosis, Treatment, Prevention and Control: New Edition. France: World Health Organization
Press, Geneva, Swisterland; 2009. p. 91–109.

7.

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):2821–9.

8.

Reusken C, Reimerink J, Verduin C, Sabbe L, Cleton N, Koopmans M. Case report: tick-borne encephalitis in two Dutch travellers returning from Austria, Netherlands, July and August 2011. Euro surveillance: bulletin Europeen sur les maladies transmissibles = European communicable disease bulletin.
2011; 16(44).

9.

Cleton N, Reusken C, Murk JL, de Jong M, Reimerink J, van der Eijk A, et al. Using routine diagnostic
data as a method of surveillance of arboviral infection in travellers: A comparative analysis with a focus
on dengue. Travel medicine and infectious disease. 2014; 12(2):159–66. doi: 10.1016/j.tmaid.2013.10.
015 PMID: 24291263

10.

Reusken CBEM, Bakker J, Reimerink JHJ, Zelena H, Koopmans MGP. Underdiagnosis of Chikungunya Virus Infections in Symptomatic Dutch Travelers Returning From the Indian Ocean Area. J Travel
Med. 2013; 20(1):44–6. doi: 10.1111/j.1708-8305.2012.00670.x PMID: 23279230

11.

Hobson-Peters J. Approaches for the Development of Rapid Serological Assays for Surveillance and
Diagnosis of Infections Caused by Zoonotic Flaviviruses of the Japanese Encephalitis Virus Serocomplex. Journal of Biomedicine and Biotechnology. 2012;Article ID 379738, 15 pages

12.

Cleton N, Reusken C, Murk JL, de Jong M, Reimerink J, van der Eijk A, et al. Using routine diagnostic
data as a method of surveillance of arboviral infection in travellers: A comparative analysis with a focus
on dengue. Travel medicine and infectious disease. 2013.

13.

ContinuVakantieOnderzoek. Reisgedrag van Nederlanders 2001–2011 [Travel behaviour of Dutch
travellers 2001–2011]: nbtc-nipo research; 2011 [cited 2012 June]. Available from: http://www.
nbtcniporesearch.nl/nl/Home/Producten-en-diensten/cvo.htm.

14.

StataCorp. Stata Statistical Software. College Station, TX: StataCorp LP; 2013.

15.

Team RC. R: A language and environment for statistical computing. Version 3.1.0 ed. Vienna, Austria:
R Foundation for Statistical Computing; 2014.

16.

Mohd Zim MA, Sam IC, Omar SF, Chan YF, AbuBakar S, Kamarulzaman A. Chikungunya infection in
Malaysia: comparison with dengue infection in adults and predictors of persistent arthralgia. Journal of
clinical virology: the official publication of the Pan American Society for Clinical Virology. 2013; 56
(2):141–5.

17.

Sissoko D, Moendandze A, Malvy D, Giry C, Ezzedine K, Solet JL, et al. Seroprevalence and risk factors of chikungunya virus infection in Mayotte, Indian Ocean, 2005–2006: a population-based survey.
PloS one. 2008; 3(8):e3066. doi: 10.1371/journal.pone.0003066 PMID: 18725980

18.

Haditsch M, Kunze U. Tick-borne encephalitis: a disease neglected by travel medicine. Travel medicine
and infectious disease. 2013; 11(5):295–300. doi: 10.1016/j.tmaid.2013.07.003 PMID: 23916617

19.

Schlagenhauf P, Weld L, Goorhuis A, Gautret P, Weber R, von Sonnenburg F, et al. Travel-associated
infection presenting in Europe (2008–12): an analysis of EuroTravNet longitudinal, surveillance data,
and evaluation of the eff ect of the pre-travel consultation. Lancet Infect Dis 2015; 15:55–64. doi: 10.
1016/S1473-3099(14)71000-X PMID: 25477022

20.

Boulware D, Beisang A. Passive prophylaxis with permethrin-treated tents reduces mosquito bites
among North American summer campers. Wilderness Environ Med. 2005; 16(1):9–15. PMID:
15813141

21.

Coosemans M, Van Gompel A. The principal arthropod vectors of disease. What are the risks of travellers' to be bitten? To be infected? [Article in French]. Bulletin de la Societe de pathologie exotique.
1998; 91(5 Pt 1–2):467–73. PMID: 10078389

22.

Gould E, Gallian P, De Lamballerie X, Charrel R. First cases of autochthonous dengue fever and chikungunya fever in France: from bad dream to reality! Clinical Microbiology and Infection. 2010; 16
(12):1702–4. doi: 10.1111/j.1469-0691.2010.03386.x PMID: 21040155

23.

Gjenero-Margan I, Aleraj B, Krajcar D, Lesnikar V, Klobučar A, Pem-Novosel I, et al. Autochthonous
dengue fever in Croatia, August–September 2010. Euro surveillance: bulletin Europeen sur les maladies transmissibles = European communicable disease bulletin. 2011; 16(9).

24.

Rezza G, Nicoletti L, Angelini R, Romi R, Finarelli A, Panning M, et al. Infection with chikungunya virus
in Italy: an outbreak in a temperate region. The Lancet. 2007; 370(9602):1840–6.

25.

Campbell GL, Marfin AA, Lanciotti RS, Gubler DJ. West Nile virus. The Lancet infectious diseases.
2002; 2(9):519–29. PMID: 12206968

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004073

September 15, 2015

14 / 15

Syndromic Approach to Arboviral Diagnostics for Travelers

26.

Shoemaker T, Boulianne C, Vincent MJ, Pezzanite L, Al-Qahtani MM, Al-Mazrou Y, et al. Genetic analysis of viruses associated with emergence of Rift Valley fever in Saudi Arabia and Yemen, 2000–01.
Emerging infectious diseases. 2002; 8(12):1415–20. PMID: 12498657

27.

Angelini R, Finarelli AC, Angelini P, Po C, Petropulacos K, Macini P, et al. An outbreak of chikungunya
fever in the province of Ravenna, Italy. Euro surveillance: bulletin Europeen sur les maladies transmissibles = European communicable disease bulletin. 2007; 12(9):E070906.

28.

Aradaib IE, Erickson BR, Mustafa ME, Khristova ML, Saeed NS, Elageb RM, et al. Nosocomial outbreak of Crimean-Congo hemorrhagic fever, Sudan. Emerging infectious diseases. 2010; 16(5):837.
doi: 10.3201/eid1605.091815 PMID: 20409377

29.

Harxhi A, Pilaca A, Delia Z, Pano K, Rezza G. Crimean—Congo hemorrhagic fever: a case of nosocomial transmission. Infection. 2005; 33(4):295–6. PMID: 16091904

30.

Gautret P, Schlagenhauf P, Gaudart J, Castelli F, Brouqui P, Von Sonnenburg F, et al. Multicenter
EuroTravNet/GeoSentinel study of travel-related infectious diseases in Europe. Emerging infectious
diseases. 2009; 15(11):1783. doi: 10.3201/eid1511.091147 PMID: 19891866

31.

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. The
Journal of infection. 2009; 59(1):1–18. doi: 10.1016/j.jinf.2009.05.005 PMID: 19595360

32.

Leroy H, Arvieux C, Biziragusenyuka J, Chapplain J, Guiguen C, Michelet C, et al. A retrospective
study of 230 consecutive patients hospitalized for presumed travel-related illness (2000–2006). European journal of clinical microbiology & infectious diseases. 2008; 27(11):1137–40.

33.

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 areas, 1997–2001. J Travel
Med. 2004; 11(3):135–42. PMID: 15710055

34.

Wilson ME. The traveller and emerging infections: sentinel, courier, transmitter. J Appl Microbiol. 2003;
94 Suppl:1S–11S. PMID: 12675931

35.

Forshey BM, Guevara C, Laguna-Torres VA, Cespedes M, Vargas J, Gianella A, et al. Arboviral etiologies of acute febrile illnesses in Western South America, 2000–2007. PLoS neglected tropical diseases. 2010; 4(8):e787. doi: 10.1371/journal.pntd.0000787 PMID: 20706628

36.

Schoepp R, Rossi C, Khan S, Goba A, Fair J. Undiagnosed acute viral febrile illnesses, Sierra Leone.
Emerging infectious diseases. 2014; 20(7):1176–82. doi: 10.3201/eid2007.131265 PMID: 24959946

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004073

September 15, 2015

15 / 15

