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Abstract
Although several arboviruses—such as dengue (DENV), Zika (ZIKV) and chikungunya (CHIKV) viruses—are not endemic in Europe, they

have the potential to emerge following importation of the virus, taking advantage of the favourable climate and ecosystem. DENV, ZIKV and

CHIKV are transmitted by Aedes species mosquitoes and are amongst the most common travel-associated arboviruses. Furthermore, they are

linked to sporadic, local outbreaks, especially in the southern parts of Europe. In this review we present in brief the DENV, ZIKV and CHIKV

cases imported to Greece during the last 6 years (2013–2018), and we describe the recent laboratory data obtained from the Hellenic

Pasteur Institute and the National Reference Centre for Arboviruses. We report 21 imported cases of DENV, ZIKV and CHIKV

infections in travellers arriving in Greece. The probable origins were south-eastern Asian (71%) and north-central American (29%)

countries. Furthermore, we stress the importance of early and accurate diagnosis in spite of a plethora of diagnostic challenges that

clinicians and virologists have to face. Altogether, with the authorities’ awareness and the preventive measures to be applied, local

transmission events can be successfully avoided, especially in summer when the temperature is favourable for mosquito-borne infections.
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Introduction
Arthropod-borne viruses (arboviruses) of the families Flavivir-

idae (genus Flavivirus) and Togaviridae (genus Alphavirus) are
transmitted to humans by arthropod vectors, mainly mosqui-
toes. Some arboviruses need a vertebrate animal reservoir as

the main amplifying host, while for others— including the fla-
viviruses dengue (DENV) and Zika (ZIKV) and the alphavirus

chikungunya (CHIKV)—humans are the main reservoir, leading
to the risk of local outbreaks. Diseases caused by arboviruses

account for more than 100 000 000 cases, 100,000 deaths
annually, and numerous chronic complications worldwide [1].
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Most of these viruses are originally found in tropical regions
such as Africa, South America and Asia; however, their

geographic distribution has expanded and dispersed widely.
During the last decade several arboviruses have emerged in
southern European countries, taking advantage of the favour-

able climate and ecosystem [2].
Mosquito-transmitted arboviruses represent a real threat in

Europe. Besides malaria and acute diarrhoea, DENV, ZIKV and
CHIKV are the most common pathogens of travel-associated

infections in Europe [3,4], and are linked with local outbreaks
[5]. Greece is a non-endemic country for these viruses,

whereas West Nile virus (WNV) is an example of a mosquito-
borne flavivirus that has established an endemic circulation in
the country [6].

In this mini-review, we report the imported cases of DENV,
ZIKV and CHIKV infections in Greece after summarizing the

current situation of autochthonous cases in Europe. Special
attention is drawn to the significance of early and accurate diag-

nosis and measures to be applied by the authorities (especially
during the time of the year when mosquitoes are active), which

appear to be the main pillars for a successful prevention and
control strategy in non-endemic countries like Greece.
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Vectors of DENV, ZIKV and CHIKV in
Europe and in Greece
DENV, ZIKV and CHIKV outbreaks highlight the role of the

vectors Aedes aegypti and Aedes albopictus in their dispersal.
While competence studies have proved their ability to transmit

all three viruses, A. albopictus is considered to be a secondary
vector only for DENV transmission [7]. The presence of

A. aegypti in the area close to the Black Sea, and its colonization
of the island of Madeira since 2004, pose a risk for its potent
importation to Europe [8]. Although A. aegypti was introduced

in The Netherlands in 2010, control measures applied imme-
diately led to its efficient elimination from the country [9].

A. albopictus has already been established in several European
countries, mainly in the Mediterranean basin, including Italy,

southern France, south-eastern Spain, Slovenia, Croatia,
Bosnia-Herzegovina, Albania and Greece [10]. A. albopictus was

first detected in Europe in 1979 in Albania [11]. The quite
recent autochthonous dengue cases reported in Spain [12] and

France [13] have drawn attention to how A. albopictus circulates
and spreads in those countries. Recent data have shown that
A. albopictus has expanded into the region of Extremadura in

western Spain [14] after its well-known establishment in the
Spanish south-eastern coast since 2004. In France, A. albopictus

was first detected in the region of Vallauris in 2004, and since
then it has been spreading towards the western and northern

parts of the country, reaching the Rhone region in 2013 [15].
In Greece, A. albopictus was first recorded in 2003 in the

northwestern part of the country [16], and subsequently it has
gradually spread all over the mainland. Greece is characterized
by high summer temperatures and humidity that facilitate

mosquito abundance and mosquito–human contact, enabling
arbovirus transmission. In addition, the probability of imported

arbovirus infections has increased during recent years due to
increased numbers of persons coming from endemic areas (as

travellers or refugees).
Since 2010, when WNV emerged in Greece and resulted in a

large outbreak in humans [17], WNV infections occur almost
every year; therefore, the Greek public health authorities have

implemented a mosquito surveillance programme on an annual
basis to monitor mosquito populations, their geographical dis-
tribution and possible expansion, in order to lead the mosquito

control programmes [18]. Surveillance studies show that
A. albopictus is now established in the capital city of Athens, in

Central Macedonia, Thrace, Thessaly and Peloponnese [19]. In
2014 and 2015 A. albopictus was detected for the first time in

Crete and Lesvos Islands, respectively [18], suggesting that its
expansion in Greece is an ongoing process. This spread has

been particularly favoured in urban areas and it is continuously
© 2020 Published by Elsevier Ltd, NMNI, 35, 100663
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increasing due to the changing climatic conditions. For this

reason, imported DENV, ZIKV and CHIKV infections from
visiting travellers constitute a risk for virus spread in competent

vectors that have been adapted to an urban human–
mosquito–human cycle [20]. To this extent, the possibility for

autochthonous DENV, ZIKV and CHIKV transmission following
introductions from endemic areas is increasing along with the
increasing numbers of imported cases reported annually in

European countries.
Autochthonous cases of DENV, ZIKV and
CHIKV infections in Europe
DENV is the most prevalent member of the genus Flavivirus
(family Flaviviridae) and occurs in four antigenically different

serotypes (DENV 1–4). After an incubation period of 4–10
days, although many individuals remain asymptomatic, DENV
infection is characterized by a wide variety of clinical manifes-

tations ranging from a mild febrile illness to a severe and often
fatal haemorrhagic illness reflecting the three phases of the

disease: the febrile, the critical and the recovery [21]. After the
onset of the disease, DENV can be detected in whole blood or

plasma for 4–5 days and, consequently, can be ingested by fe-
male mosquitoes during feeding on a viraemic patient. IgM an-

tibodies start to increase 5 days post onset of symptoms,
reaching a peak at 2 weeks and declining to undetectable levels
after 3 months [22]. In 1927–1928, the largest European

dengue epidemic took place in Greece, with more than
1 000 000 documented cases [23]. The large extend of the

epidemic was due to the abundance of the main virus vector,
A. aegypti, and the totally naïve human population. Since then,

A. aegypti has disappeared from Europe, while A. albopictus is
responsible for the emergence of sporadic events of local

transmission during the last decade. Specifically, several
autochthonous dengue cases were reported in southern France

in 2010 [24], 2015 [25], 2018 [26] and 2019 [13], in Croatia in
2010 [27,28], and in Spain in 2018 [13]. It is of importance that
the Spanish authorities reported for the first time in 2019 the

likelihood of sexual transmission of DENV in an area without
the presence of vector mosquitoes, especially in men having sex

with men [12]. Probable sexual transmission of DENV has been
reported only once, in 2013, in a heterosexual couple from

South Korea [29]. The latest epidemic was in 2012 in Madeira,
located at a Portuguese archipelago in the North Atlantic

Ocean where A. aegypti is prevalent [30].
ZIKV (genus Flavivirus, family Flaviviridae) is a recent example

of an arbovirus that resulted in a large human outbreak in the

Americas in 2015 following its introduction into naïve areas
nses/by-nc-nd/4.0/).
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where competent vectors were present [31]. After an incu-

bation period of 3–14 days, ZIKV can be detected in blood for
up to 1 week. Subsequently, IgM antibodies start to increase

and are detectable for at least 12 weeks post infection [32].
Initially, ZIKV infection was considered to be associated only

with modest symptoms; however, severe neurological compli-
cations (Guillain–Barré syndrome) were reported during the
large outbreak in 2013–2014 in French Polynesia [33], and a

dramatic increase in severe congenital malformations (mainly
microcephaly) was seen during the outbreak in Brazil in

2015–2016 [34]. In October 2019, France reported three
autochthonous ZIKV cases for the first time in Europe. They

were identified in the Var region, without any report of im-
ported cases in the close vicinity or any evidence of sexual

transmission [35].
CHIKV (genus Alphavirus, family Togaviridae) has three main

genotypes: West African, Asian and East/Central/South African

(ECSA); the latter is divided into at least two sublineages: the
Indian Ocean and Indian [36]. Although A. aegypti is the main

vector of CHIKV, a single mutation in the E1 glycoprotein (E1-
A226V) is associated with efficient transmission of the virus by

A. albopictus as well [37]. Following a 3–12-day incubation
period, CHIKV infection is characterized by a rapid-onset

febrile disease, often accompanied by arthralgia, which in
some cases remains for a long period [2]. Molecular diagnosis in

whole blood is performed during the first 5 days of illness; after
that, IgM antibodies are detectable in serum. Several local
transmission events occurred in Europe, initiated by imported

cases. One outbreak took place in 2007 in Italy [38], while two
more events occurred in France in 2010 [39] and 2014 [40]
TABLE 1. Characteristics of the 21 imported cases of dengue viru

infections in chronological order, Greece, 2013–2018

Case Symptom onset Probable country of origin

PCR

Blood Uri

1. DENV Sep 2013 India +
2. DENV May 2014 Indonesia +
3. DENV May 2014 India +
4. CHIKV Jun 2014 Dominican Republic +
5. DENV Jul 2014 India +
6. DENV Jul 2014 India +
7. DENV Aug 2015 Philippines
8. DENV Nov 2015 India, Vietnam +
9. DENV Jun 2016 Thailand
10. DENV Aug 2016 Thailand, Malaysia +
11. ZIKV Nov 2016 Cuba + +
12. ZIKV Nov 2016 Cuba +
13. CHIKV Sep 2016 India +
14. CHIKV Feb 2016 Brazil +
15. DENV Jun 2017 India +
16. ZIKV Aug 2017 Cuba + +
17. ZIKV Jan 2018 Cuba − +
18. DENV Jun 2018 Myanmar +
19. DENV Jun 2018 Thailand +
20. ZIKV Jun 2018 Cuba − +
21. CHIKV Sep 2018 India, Nepal −

ECSA, East/Central/South African genotype.

This is an open access artic
linked to two imported cases from India and Cameroon,

respectively. Recently, in the summer of 2017, autochthonous
CHIKV cases were identified in central Italy and south-eastern

France. CHIKV was detected in A. albopictus mosquitoes trap-
ped near the location where the two cases occurred [41,42].

Original imported DENV, ZIKV and CHIKV
cases in Greece
In collaboration with the National Public Health Organization

(NPHO) in Greece, the Public Health Laboratories of the
Hellenic Pasteur Institute in Athens and the National Reference

Centre for Arboviruses in Thessaloniki receive samples for
identification of possible imported cases of DENV, ZIKV and
CHIKV infections. During 2004–2012 only one imported

DENV case was reported in Greece (in 2004), while 21 im-
ported cases of DENV, ZIKV and CHIKV infections were re-

ported during 2013–2018. In that period (2013–2018), 27 289
cases of overall mandatory reporting of infections (both

endemic and imported) have been recorded in Greece, and
1047 of them were fatal (data obtained from NPHO Mandatory

Notification System). Specifically, the two laboratories received
samples from 155 patients to be tested for DENV, ZIKV and

CHIKV. Among the 21 cases, DENV, ZIKV and CHIKV were
responsible for 12, five and four cases, respectively (Table 1).
Four cases (two with CHIKV and two with ZIKV infections)

were published [3,43,44]. The annual total number of tested
cases with suspected DENV, ZIKV or CHIKV infection and the

corresponding number of cases diagnosed are shown in Fig. 1.
s (DENV), Zika virus (ZIKV) and chikungunya virus (CHIKV)

Genotype

Serology

NS1 Referencene IgM IgG 1st IgG 2nd

+ − +
+

+ − +
Asian + + [43]

+
+ +
+ +
+ +
+ + +

+ + [44]
+ + [44]
+ − +

ECSA + [3]
+ +

Asian +
Asian + −

+ − +

Asian +
+ +
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FIG. 1. Total number of suspect cases

tested during the years 2013–2018 and the

corresponding annual total number of sam-

ples positive for dengue virus (DENV), Zika

virus (ZIKV) and chikungunya virus

(CHIKV).
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Laboratory testing was performed based on a combination of

molecular and serological methods, as described previously
[3,43–45]. A patient with positive viral antigen or RNA in blood,
plasma or urine was considered as a confirmed case, while a

patient with IgM antibody seroconversion (negative to positive)
was considered as a probable case. In total, 20 were confirmed

cases and one was probable (sample 7-DENV in Table 1). For
DENV and CHIKV nucleic acid detection, whole blood was the

most commonly used sample type,while in the case of ZIKVurine
was also used (Table 1), since viruria is usually more prolonged

than viraemia [46]. In most cases (81%), IgM antibodies were also
detected, while convalescent samples were often not available

(for the detection of IgG antibodies) (Table 1).
Most imported cases were observed between May and

September. Patients’ age ranged from 10 to 73 years (median 35

years). The reported probable countries of infection were 24.
In all genotyped cases, the obtained sequences were identical to

sequences available in GenBank database from viral strains
circulating in the country of origin. The number of the travellers

returning to Greece with DENV, ZIKV or CHIKV infection and
the country from where they came are graphically depicted in

Fig. 2. Most countries of origin were south-eastern Asian
countries (71%): India (33.3%), Thailand (12.5%), Indonesia
(4.2%), Philippines (4.2%), Vietnam (4.2%), Malaysia (4.2%),

Myanmar (4.2%) and Nepal (4.2%), while 29% of travellers had
returned from the Americas: Cuba (20.6%), Dominican Re-

public (4.2%) and Brazil (4.2%).
Diagnostic challenges
The emergence of DENV, ZIKV and CHIKV infections in

Europe, and the increasing number of imported cases in Europe
© 2020 Published by Elsevier Ltd, NMNI, 35, 100663
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(including Greece) during the past few years, have drawn the

attention to the need for advanced laboratory preparedness
and response measures. Diagnosis of arboviral infections is
challenging for both the clinician and the laboratory virologist.

Symptoms are usually non-specific, and clinical manifestations
are overlapping, especially in the early phase of the disease [47].

The challenging clinical differential diagnosis underscores the
importance of early and accurate laboratory diagnosis using

techniques with high sensitivity and specificity. These include
detection of viral antigens and nucleic acids, detection of virus-

specific antibodies and/or isolation of the virus [48]. Each of
these techniques presents advantages and disadvantages and is

characterized by a range of sensitivity and specificity levels.
Molecular tests have significantly advanced the diagnosis of
arboviral infections, conferring high sensitivity and specificity,

and are considered the reference diagnostic standard [22,49].
Detection of viral RNA is feasible in blood or plasma during the

first few days after symptom onset, while viruria may last
longer. A later and larger window for diagnosis is provided by

the use of serological tools, but these have the drawback of
cross-reactivity among viruses belonging to the same family,

which might lead to diagnostic difficulties and misinterpretation
of the laboratory results [50]. Thus, the knowledge of the
number of days after symptom onset is of great importance in

selecting the most appropriate sample type and laboratory
method and in interpreting the results [3,51]. To increase

diagnostic confidence, a combination of methods is
recommended.

The situation gets evenmore complex in non-endemic regions
where the emergence of arboviral infections is unexpected. The

patient’s travel history of the previous month, combined with
knowledge of global epidemiology, facilitates the inclusion of the

diseases in the differential diagnosis. Vaccination history is also
nses/by-nc-nd/4.0/).
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FIG. 2. Origin and number of travellers with dengue virus (DENV), Zika virus (ZIKV) or chikungunya virus (CHIKV) infections returning to Greece

during the years 2013–2018. (Map source: Free Vector World Map from 365PSD.com.)
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important to differentiate between vaccine memory response
and primary and/or secondary infection. Nevertheless, the high

proportion of mild and asymptomatic arboviral infections can
impede rapid identification of potential outbreaks.
Control and prevention of local transmission
events
The number of imported arboviral infections in Europe is
increasing, and this applies also to Greece. The risk of further

spread of related diseases and the initiation of local outbreaks is
higher during the summer months when mosquitoes are active.

Among the 21 imported cases of DENV, ZIKV and CHIKV
infections reported over the last 6 years in Greece, 16 were
observed in summer and early autumn months (May–

September). The fact that A. albopictus is continuously active in
Greece for over 8 months of the year from mid-spring to the

end of December, with the greatest abundance during summer
and autumn months [52], poses a high risk for initiation of

autochthonous transmission. Moreover, vulnerability and
receptivity to arbovirus infections are increased in Greece due

to increased numbers of persons coming to the country either
This is an open access artic
as tourist travellers or, more recently, as refugees. Besides the
dengue outbreak in Greece during 1927–1928, no autoch-

thonous cases caused by DENV, ZIKV or CHIKV were
observed in the country.

Prior to their departure, travellers visiting an endemic area

have to be informed and be made aware of the clinical signs and
symptoms of DENV, ZIKV and CHIKV infections, in order to

request medical advice in case they present any symptoms.
Since no global vaccines or drugs are available for these dis-

eases, personal protective measures (e.g. use of mosquito re-
pellents or staying within air-conditioned areas) are the main

preventive strategy. Since sexual transmission has been re-
ported for ZIKV [53], travellers returning from a ZIKV-

endemic area have to take precautions and follow guidelines
concerning sexual activities or pregnancy [54]. All suspected
cases have to be reported to the NPHO, and in case they are

confirmed, guidelines are given to the patients, and mosquito
surveillance and control programmes are put in place in order

to diminish the risk of further virus spread. Therefore, the early
diagnosis of imported arboviral cases is critical, and when

accompanied by physicians’ increased awareness and active
surveillance measures by the authorities, autochthonous

transmission events can be prevented.
© 2020 Published by Elsevier Ltd, NMNI, 35, 100663
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Conclusions
The number of imported cases of DENV, ZIKV and CHIKV

infection in Europe has been rising during recent years due to
increased global travel and the large CHIKV and ZIKV out-
breaks in the Americas (2014–2017) [55,56]. A surveillance

study of ZIKV infection in the European Union/European
Economic Area conducted in 2016 showed that 2133

confirmed cases of ZIKV infection were reported between June
2015 and January 2017 by 21 countries, and that 71% of them

were infected in the Caribbean [55]. The number of imported
DENV, ZIKV and CHIKV cases is relatively low in Greece.

However, this number increased during the last 6 years, and
although almost all imported cases up to 2015 were DENV

infections, DENV, ZIKV and CHIKV were equally responsible
for the cases imported during 2016–2018, mostly related to
the outbreaks in the Americas. Actually, the case of a CHIKV

infection in a patient who returned from the Dominican Re-
public in 2014 [3] occurred at the early stage of the CHIKV

outbreak in the Caribbean [57], while all travellers with ZIKV
infection returned from Cuba (Table 1).

Although the risk for ZIKV transmission in Europe is currently
low, since A. albopictus seems to be not an efficient vector for the

virus, importation of DENV, ZIKV and CHIKV poses a risk for
local spread and outbreaks, especially in southern European
countries where A. albopictus is established. Therefore, clinician

awareness, prompt and accurate laboratory diagnosis of sus-
pected cases, and effective surveillance systems are crucial to

tackle the emergence and spread of travel-associated diseases.

Author contributions
MEm contributed to the conception of the review, MEm and
MEv contributed to the analysis and drafting the article, AP and

AM contributed to interpretation of data and critical revision.
All authors finally approved the version to be submitted.

Transparency declaration
The authors declare no conflicts of interest. The National

Reference Centre for Arboviruses are financially supported by
the National Public Health Organization.
Acknowledgements
We thank the National Public Health Organization in Greece

for providing upon request the aggregated epidemiological data.
© 2020 Published by Elsevier Ltd, NMNI, 35, 100663
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/lice
References
[1] Gould EA, Solomon T. Pathogenic flaviviruses. Lancet 2008;371(9611):
500–9.

[2] Papa A. Emerging arboviral human diseases in Southern Europe. J Med
Virol 2017;89(8):1315–22.

[3] Eckerle I, Briciu VT, Ergonul O, Lupse M, Papa A, Radulescu A, et al.
Emerging souvenirs—clinical presentation of the returning traveller
with imported arbovirus infections in Europe. Clin Microbiol Infect
2018;24(3):240–5.

[4] 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 effect of the pre-travel consultation. Lancet Infect
Dis 2015;15(1):55–64.

[5] Reusken CB, Ieven M, Sigfrid L, Eckerle I, Koopmans M. Laboratory
preparedness and response with a focus on arboviruses in Europe. Clin
Microbiol Infect 2018;24(3):221–8.

[6] Papa A, Xanthopoulou K, Gewehr S, Mourelatos S. Detection of West
Nile virus lineage 2 in mosquitoes during a human outbreak in Greece.
Clin Microbiol Infect 2011;17(8):1176–80.

[7] Paupy C, Delatte H, Bagny L, Corbel V, Fontenille D. Aedes albopictus,
an arbovirus vector: from the darkness to the light. Microbe. Infect
2009;11(14–15):1177–85.

[8] Almeida AP, Goncalves YM, Novo MT, Sousa CA, Melim M, Gracio AJ.
Vector monitoring of Aedes aegypti in the autonomous region of
Madeira, Portugal. Eur Commun Dis Bull 2007;12(11). E071115 6.

[9] Scholte E, Den Hartog W, Dik M, Schoelitsz B, Brooks M, Schaffner F,
et al. Introduction and control of three invasive mosquito species in
The Netherlands, July–October 2010. Eur Commun Dis Bull
2010;15(45).

[10] ECDC-EFSA. Mosquito maps [Internet]. Stockholm: ECDC and EFSA
2019; 2019 (August).

[11] Adhami J, Reiter P. Introduction and establishment of Aedes (Stegomyia)
albopictus skuse (Diptera: Culicidae) in Albania. J Am Mosquito Contr
Assoc 1998;14(3):340–3.

[12] ECDC. Sexual transmission of dengue in Spain. Stockholm: ECDC.
2019; 2019 (18 November).

[13] ECDC. Autochthonous cases of dengue in Spain and France. Stock-
holm: ECDC. 2019; 2019 (1 October).

[14] Bravo-Barriga D, Gouveia Almeida AP, Parreira R, Jimenez-Vidal D,
Perez-Martin JE, Martin-Cuervo M, et al. First detections of Aedes
albopictus (tiger mosquito) in the region of Extremadura, west of Spain.
Gaceta Sanitaria 2019;33(3):299–300.

[15] Sherpa S, Rioux D, Pougnet-Lagarde C, Despres L. Genetic diversity
and distribution differ between long-established and recently intro-
duced populations in the invasive mosquito Aedes albopictus. Infect
Genet Evol 2018;58:145–56.

[16] Patsoula E, Samanidou-Voyadjoglou A, Spanakos G, Kremastinou J,
Nasioulas G, Vakalis NC. Molecular and morphological characteriza-
tion of Aedes albopictus in northwestern Greece and differentiation
from Aedes cretinus and Aedes aegypti. J Med Entomol 2006;43(1):
40–54.

[17] Papa A, Danis K, Baka A, Bakas A, Dougas G, Lytras T, et al. Ongoing
outbreak of West Nile virus infections in humans in Greece,
july–august 2010. Eur Commun Dis Bull 2010;15(34).

[18] Patsoula E, Beleri S, Vakali A, Pervanidou D, Tegos N, Nearchou A,
et al. Records of Aedes albopictus (Skuse, 1894) (Diptera; Culicidae) and
Culex tritaeniorhynchus (Diptera; Culicidae) expansion in areas in
mainland Greece and Islands. Vector Borne Zoonot Dis 2017;17(3):
217–23.

[19] Presence LifeConops. Of Aedes albopictus (Asian tiger mosquito) in
Greece. 2015 (July 21).
nses/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2052-2975(20)30015-9/sref1
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref1
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref2
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref2
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref3
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref3
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref3
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref3
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref4
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref4
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref4
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref4
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref4
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref5
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref5
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref5
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref6
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref6
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref6
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref7
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref7
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref7
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref8
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref8
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref8
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref9
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref9
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref9
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref9
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref10
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref10
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref11
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref11
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref11
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref12
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref12
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref13
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref13
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref14
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref14
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref14
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref14
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref15
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref15
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref15
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref15
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref16
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref16
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref16
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref16
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref16
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref17
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref17
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref17
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref18
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref18
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref18
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref18
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref18
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref19
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref19
http://creativecommons.org/licenses/by-nc-nd/4.0/


NMNI Emmanouil et al. Imported DENV, ZIKV, CHIKV infections in Greece 7
[20] Cleton N, Koopmans M, Reimerink J, Godeke GJ, Reusken C. Come
fly with me: review of clinically important arboviruses for global
travelers. J Clin Virol 2012;55(3):191–203.

[21] Simmons CP, Farrar JJ, Nguyen v V, Wills B. Dengue. New Engl J Med
2012;366(15):1423–32.

[22] World Health Organization. Dengue guidelines for diagnosis, treat-
ment, prevention and control. new edition. Geneva: World Health
Organization; 2009.

[23] Theiler M, Casals J, Moutousses C. Etiology of the 1927–28
epidemic of dengue in Greece. Proc Soc Exper Biol Med 1960;103:
244–6.

[24] La Ruche G, Souares Y, Armengaud A, Peloux-Petiot F, Delaunay P,
Despres P, et al. First two autochthonous dengue virus infections in
metropolitan France, September 2010. Eur Commun Dis Bull
2010;15(39):19676.

[25] Succo T, Leparc-Goffart I, Ferre JB, Roiz D, Broche B, Maquart M,
et al. Autochthonous dengue outbreak in nimes, South of France, july
to september 2015. Eur Commun Dis Bull 2016;21(21).

[26] ECDC. Local transmission of dengue fever in France and Spain.
Stockholm: ECDC. 2018; 2018 (22 October).

[27] Schmidt-Chanasit J, Haditsch M, Schoneberg I, Gunther S, Stark K,
Frank C. Dengue virus infection in a traveller returning from Croatia
to Germany. Eur Commun Dis Bull 2010;15(40).

[28] Gjenero-Margan I, Aleraj B, Krajcar D, Lesnikar V, Klobucar A. Pem-
Novosel I et al. Autochthonous dengue fever in Croatia,
August–September 2010. Eur Commun Dis Bull 2011;16(9).

[29] Lee C, Lee H. Probable female to male sexual transmission of dengue
virus infection. Infect Dis 2019;51(2):150–2.

[30] Sousa CA, Clairouin M, Seixas G, Viveiros B, Novo MT, Silva AC, et al.
Ongoing outbreak of dengue type 1 in the Autonomous Region of
Madeira, Portugal: preliminary report. Eur Commun Dis Bull
2012;17(49).

[31] Heukelbach J, Alencar CH, Kelvin AA, de Oliveira WK, Pamplona de
Goes Cavalcanti L. Zika virus outbreak in Brazil. J Infect Dev Countr
2016;10(2):116–20.

[32] Paz-Bailey G, Rosenberg ES, Doyle K, Munoz-Jordan J, Santiago GA,
Klein L, et al. Persistence of Zika virus in body fluids - final report.
New Eng J Med 2018;379(13):1234–43.

[33] ECDC. Rapid risk assessment: Zika virus infection outbreak. Stock-
holm: French Polynesia. ECDC. 2014; 2014 (14 February).

[34] Schuler-Faccini L, Ribeiro EM, Feitosa IM, Horovitz DD, Cavalcanti DP,
Pessoa A, et al. Possible association between Zika virus infection and
microcephaly—Brazil, 2015. MMWR 2016;65(3):59–62.

[35] ECDC. Zika virus disease in Var department, France. Stockholm:
ECDC. 2019; 2019 (16 October).

[36] Sam IC, Loong SK, Michael JC, Chua CL, Wan Sulaiman WY,
Vythilingam I, et al. Genotypic and phenotypic characterization of
Chikungunya virus of different genotypes from Malaysia. PloS One
2012;7(11):e50476.

[37] Vazeille M, Moutailler S, Coudrier D, Rousseaux C, Khun H,
Huerre M, et al. Two Chikungunya isolates from the outbreak of La
Reunion (Indian Ocean) exhibit different patterns of infection in the
mosquito, Aedes albopictus. PloS One 2007;2(11):e1168.

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

[39] Grandadam M, Caro V, Plumet S, Thiberge JM, Souares Y, Failloux AB,
et al. Chikungunya virus, southeastern France. Emerg Infect Dis
2011;17(5):910–3.
This is an open access artic
[40] Delisle E, Rousseau C, Broche B, Leparc-Goffart I, L’Ambert G,
Cochet A, et al. Chikungunya outbreak in Montpellier, France,
september to october 2014. Eur Commun Dis Bull 2015;20(17).

[41] Calba C, Guerbois-Galla M, Franke F, Jeannin C, Auzet-Caillaud M,
Grard G, et al. Preliminary report of an autochthonous chikungunya
outbreak in France, July to September 2017. Eur Commun Dis Bull
2017;22(39).

[42] Venturi G, Di Luca M, Fortuna C, Remoli ME, Riccardo F, Severini F,
et al. Detection of a chikungunya outbreak in Central Italy, august to
september 2017. Eur Commun Dis Bull 2017;22(39).

[43] Tsiodras S, Pervanidou D, Papadopoulou E, Kavatha D, Baka A,
Koliopoulos G, et al. Imported Chikungunya fever case in Greece in
June 2014 and public health response. Pathog Glob Health
2016;110(2):68–73.

[44] Ioannou P, Soundoulounaki S, Spernovasilis N, Papadopoulou E,
Papa A, Gikas A. Zika virus infection in a newly married Greek couple.
IDCases 2017;8:92–3.

[45] Papa A, Gavana E, Detsis M, Terzaki E, Veneti L, Pervanidou D, et al.
Laboratory and surveillance studies following a suspected Dengue case
in Greece, 2012. Int J Infect Dis 2015;30:150–3.

[46] Rossini G, Gaibani P, Vocale C, Cagarelli R, Landini MP. Comparison of
Zika virus (ZIKV) RNA detection in plasma, whole blood and
urine—case series of travel-associated ZIKV infection imported to
Italy, 2016. J Infect 2017;75(3):242–5.

[47] Beltrán-Silva SL, Chacón-Hernández SS, Moreno-Palacios E, Pereyra-
Molina Já. Clinical and differential diagnosis: dengue, chikungunya and
Zika. Rev Méd Hosp Gen Méx 2018;81(3):146–53.

[48] Mardekian SK, Roberts AL. Diagnostic options and challenges for
dengue and chikungunya viruses. BioMed Res Int 2015;2015:834371.

[49] Mauk MG, Song J, Bau HH, Liu C. Point-of-care molecular test for Zika
infection. Clin Lab Int 2017;41:25–7.

[50] Martin DA, Muth DA, Brown T, Johnson AJ, Karabatsos N, Roehrig JT.
Standardization of immunoglobulin M capture enzyme-linked immu-
nosorbent assays for routine diagnosis of arboviral infections. J Clin
Microbiol 2000;38(5):1823–6.

[51] Cleton NB, Reusken CB, Wagenaar JF, van der Vaart EE, Reimerink J,
van der Eijk AA, et al. Syndromic approach to arboviral diagnostics for
global travelers as a basis for infectious disease surveillance. PLoS Negl
Trop Dis 2015;9(9):e0004073.

[52] GiatropoulosA, Emmanouel N, KoliopoulosG,Michaelakis A. A study on
distribution and seasonal abundance of Aedes albopictus (Diptera: Culici-
dae) population in Athens, Greece. J Med Entomol 2012;49(2):262–9.

[53] Foy BD, Kobylinski KC, Chilson Foy JL, Blitvich BJ, Travassos da
Rosa A, Haddow AD, et al. Probable non-vector-borne transmission of
Zika virus, Colorado, USA. Emerg Infect Dis 2011;17(5):880–2.

[54] WorldHealthOrganization.WHOguidelines for the preventionof sexual
transmission of Zika virus: executive summary. Geneva: World Health
Organization, 2019; 2019. Report No.: Contract No.: WHO/RHR/19.4.

[55] Spiteri G, Sudre B, Septfons A, Beaute J. The European Zika surveil-
lance network. Surveillance of Zika virus infection in the EU/EEA, June
2015 to january 2017. Eur Commun Dis Bull 2017;22(41).

[56] Petridou C, Simpson A, Charlett A, Lyall H, Dhesi Z, Aarons E. Zika
virus infection in travellers returning to the United Kingdom during the
period of the outbreak in the Americas (2016–17): a retrospective
analysis. Travel Med Infect Dis 2019;29:21–7.

[57] Cassadou S, Boucau S, Petit-Sinturel M, Huc P, Leparc-Goffart I,
Ledrans M. Emergence of chikungunya fever on the French side of
Saint Martin island, October to December 2013. Eur Commun Dis Bull
2014;19(13).
© 2020 Published by Elsevier Ltd, NMNI, 35, 100663
le under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2052-2975(20)30015-9/sref20
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref20
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref20
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref21
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref21
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref22
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref22
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref22
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref23
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref23
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref23
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref24
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref24
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref24
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref24
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref25
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref25
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref25
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref26
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref26
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref27
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref27
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref27
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref28
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref28
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref28
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref29
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref29
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref30
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref30
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref30
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref30
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref31
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref31
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref31
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref32
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref32
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref32
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref33
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref33
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref34
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref34
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref34
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref35
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref35
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref36
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref36
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref36
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref36
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref37
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref37
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref37
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref37
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref38
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref38
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref38
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref39
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref39
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref39
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref40
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref40
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref40
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref41
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref41
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref41
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref41
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref42
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref42
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref42
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref43
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref43
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref43
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref43
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref44
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref44
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref44
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref45
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref45
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref45
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref46
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref46
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref46
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref46
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref47
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref47
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref47
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref48
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref48
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref49
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref49
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref50
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref50
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref50
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref50
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref51
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref51
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref51
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref51
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref52
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref52
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref52
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref53
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref53
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref53
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref54
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref54
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref54
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref55
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref55
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref55
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref56
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref56
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref56
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref56
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref57
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref57
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref57
http://refhub.elsevier.com/S2052-2975(20)30015-9/sref57
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Importation of dengue, Zika and chikungunya infections in Europe: the current situation in Greece
	Introduction
	Vectors of DENV, ZIKV and CHIKV in Europe and in Greece
	Autochthonous cases of DENV, ZIKV and CHIKV infections in Europe
	Original imported DENV, ZIKV and CHIKV cases in Greece
	Diagnostic challenges
	Control and prevention of local transmission events
	Conclusions
	Author contributions
	Transparency declaration
	Acknowledgements
	References


