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In spring 2016, a German traveller returning from
Martinique cultivated imported plant offsets in her
home, and accidentally bred Aedes aegypti. Thirteen
adult mosquito specimens submitted for identification
and the traveller were tested for Zika, dengue and chi-
kungunya virus infections, with negative results. The
detection of Ae. aegypti by the ‘Mueckenatlas’ project
demonstrates the value of this passive surveillance
scheme for potential public health threats posed by
invasive mosquitoes in Germany.

In this report we present the accidental introduction
by a traveller from the Caribbean into Germany, of
Aedes aegypti eggs attached to plants, and further
indoor development of adult mosquitoes from larvae
hatched from these eggs in the traveller’s household
in Germany. The mosquitoes were collected and killed,
and some of them were subsequently tested for Zika,
dengue and chikungunya viruses. The traveller was
also tested for infections with these viruses.

The event

In late March 2016, a German traveller who had visited
her son on Martinique, brought home with her off-
sets of three exotic plants (Syngonium podophyllum,
Epipremnum spec., Monstera spec.) which she had
watered in jars already during her stay on Martinique.
For transportation to Germany, she had wrapped the
plants in wet filter paper and put them in plastic bags.
Upon arrival in Germany, she immediately transferred
them into a water bowl in her living room where she
kept further exotic plants under subtropical conditions
(ca 25°C, 60-70% relative humidity). In early April,
she detected the first mosquitoes flying around in that
room, which she caught and killed, not aware of their
origin. Only in late May, she realised larval development
in the plant bowl where she estimated dozens of larvae
to be present. She immediately discarded the water
with the larvae in the sink but continued to detect adult
mosquitoes in the living room until mid-June when she
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submitted several specimens to the German citizen sci-
ence project ‘Mueckenatlas’ (www.mueckenatlas.de), a
passive mosquito surveillance initiative established in
2012 [1]. Later, the traveller reported having disposed
of about the same number of adult mosquitoes killed
in her living room as she had kept and submitted. From
the time of submission to the ‘Mueckenatlas’, no more
mosquitoes were observed in the household.

Entomological investigations

Two mosquitoes, captured on 22 June 2016 in the
living room of the German traveller to Martinique
(subsequently referred to as ‘the submitter’), were
submitted to one of the research groups running the
‘Mueckenatlas’ project, from a small town close to
Jena, German federal state of Thuringia (central east-
ern Germany). They were morphologically identified
according to the determination key by Becker et al. [2]
with subsequent genetic confirmation by CO1 barcod-
ing [3]. Upon inquiry, the submitter made available an
additional 11 mosquito specimens that she had succes-
sively collected in the same room and had kept in the
freezer since (freezing is suggested by the managers
of the ‘Mueckenatlas’ for killing the mosquitoes with-
out damage). The mosquitoes were transported to the
laboratory on dry ice to avoid RNA degradation.

Although all windows of the affected household were
equipped with insect screens, immediately after the
identification of the submitted mosquitoes, a small-
scale monitoring using a set of 20 ovitraps and four
gravid Aedes traps (GATs) distributed in the garden
around the house of the submitter and its closer sur-
roundings was implemented according to the European
Centre for Disease Prevention and Control (ECDC)
guidelines for the surveillance of invasive mosqui-
toes [4]. The traps were operated for a period of eight
weeks and checked once a week for eggs and adult
mosquitoes. In addition, artificial water containers in
the neighbourhood gardens and in the village’s small



cemetery (distance ca 450 m beeline) were system-
atically examined for mosquito developmental stages
once a week for the same time period. No evidence of
Ae. aegypti presence could be found outside the sub-
mitter’s house during the monitoring.

Laboratory investigations of mosquitoes and
the submitter

Mosquito homogenisation was performed as recently
described [5]. The suspensions were clarified by cen-
trifugation (5,000 g for 1 min), and the supernatant
was used for RNA extraction with a QlAamp viral RNA
Mini Kit (Qiagen) according to the manufacturer’s proto-
col. RNA extraction from blood plasma samples taken
from the submitter was performed using the same kit.
The extracted RNAs from both the mosquitoes and
the plasma samples were analysed with the RealStar
Zika Virus RT-PCR Kit, RealStar dengue RT-PCR Kit and
RealStar chikungunya RT-PCR Kit (Altona Diagnostics,
Hamburg, Germany) according to the manufacturer’s
protocol.

Immunofluorescence assays for Zika virus (ZIKV),
dengue virus (DENV) and chikungunya virus (CHIKV)
were performed on the submitter’s plasma samples as
recently described [6].

Morphologically, all submitted mosquitoes were unam-
biguously identified as Ae. aegypti. Although not a
validated identification method for Ae. aegypti, CO1
barcoding of the first two specimens (GenBank acces-
sion numbers: KY022526, KY022527) showed 100%
sequence homology with this species when aligned to
BOLD (Barcode of Life database: www.boldsystems.
org) and GenBank (www.ncbi.nlm.nih.gov/genbank)
entries.

All mosquitoes tested negative for ZIKV, DENV and
CHIKV RNA, and there was no serological or molecu-
lar evidence that the submitter had an acute or recent
infection with any of these viruses.

Discussion

Ae. aegypti (Linnaeus, 1762) is considered the most
important culicid vector of viruses worldwide. Among
the viruses transmitted by this species are yellow fever
virus, DENV and ZIKV [7,8].

Ae. aegypti is a particularly thermophilic mosquito spe-
cies, endemic in tropical and subtropical regions [9].
From the late 17th until the mid-20th century, it was
also widely distributed in the Mediterranean, around
the Black Sea and further on to the Caspian Sea.
Numerous dengue and yellow fever epidemics with high
fatality rates caused by this species are documented
for Europe. Sporadically, during summer, populations
also developed in more northern parts of Europe (e.g.
France, United Kingdom) where they had been intro-
duced by ships returning from the tropics [10]. The
species had disappeared from Europe until the mid-
dle of the 20th century, but recently re-emerged on the

eastern Black Sea coast, including southern Russia,
Abkhasia, Georgia and eastern Turkey [11-13], and on
the Portuguese Island of Madeira [14]. Introductions of
mosquito eggs by the used tyre trade and of adult mos-
quitoes by aircraft have recently been reported from
the Netherlands [15,16].

In the present ZIKV epidemic associated with congeni-
tal malformations in newborns in South and Central
America, Ae. aegypti is considered the primary vector
[17]. In addition, Ae. aegypti was incriminated as vector
during the dengue fever outbreak in 2012 on the Island
of Madeira [18].

The event described here (development of Ae. aegypti
in Germany, although indoors, following importation
of eggs attached to tropical plants) is of note for sev-
eral reasons. First of all, the mosquito eggs were intro-
duced from a region with an ongoing ZIKV epidemic
that is endemic also for DENV and experienced a CHIKV
outbreak in 2014, and it has been shown that all three
viruses can be transmitted transovarially by Ae. aegypti
[19-21]. However, this route of virus maintenance and
propagation is probably very inefficient and epidemio-
logically irrelevant. Hence, the risk for the people in the
household was limited. Second, the daughter of the
traveller, who frequently visited the mosquito-infested
household was pregnant during the infestation period
(late first and early second trimester), and thus, her
fetus could have been at risk in case of a congenital
ZIKV infection. Notwithstanding, she did not consent
to blood tests, neither did her brother and her father,
because none of the family members had noticed mos-
quito bites during the period of infestation. Third, the
case recalls the question whether Ae. aegypti is able
to establish in central Europe. Most critical for the lat-
ter is probably the ability to overwinter. Eggs of Ae.
aegypti are not resistant to freezing. However, in some
states of the United States where winter temperatures
may drop below 20°C, local Ae. aegypti appear to have
survived in sheltered sites, and theoretically this could
also happen in Europe [22].

In conclusion, travel and trade lead to invasive mos-
quitoes being introduced from all over the world to
non-endemic areas where they have the potential to
reproduce and establish. The event presented here
should raise awareness regarding potential introduc-
tion and possible establishment of invasive mosquito
vectors through pathways other than the known com-
mercial activities. As some mosquito species are vec-
tors of disease agents and might even carry those
already when introduced, implementation of appropri-
ate surveillance schemes is becoming more and more
important. The German passive monitoring instrument
‘Mueckenatlas’ has once more demonstrated its effec-
tiveness as an early warning system.

www.eurosurveillance.org



Acknowledgements

The work was funded by the German Federal Ministry of
Food and Agriculture (BMEL) through the Federal Office for
Agriculture and Food (BLE), grant numbers 2819104115 and
2819104615.

Conflict of interest

None declared.

Authors’ contributions

HK and DW are responsible for the ‘Mueckenatlas’. They
identified the mosquitoes and did the monitoring. S) and
JSC examined the mosquitoes and the traveller for viral in-
fection. All authors contributed to writing the article and ap-
proved the final version.

References

1. Kampen H, Medlock JM, Vaux AG, Koenraadt CJ, van Vliet
AJ, Bartumeus F, et al. Approaches to passive mosquito
surveillance in the EU. Parasit Vectors. 2015;8(1):9. DOI:
10.1186/513071-014-0604-5 PMID: 25567671

2. Becker N, Petri¢ D, Zgomba M, Boase C, Madon M, Dahl C,
et al. Mosquitoes and their Control, 2nd Edition. Springer:
Heidelberg; 2010.

3. Ibafez-Justicia A, Kampen H, Braks M, Schaffner F, Steeghs
M, Werner D, et al. First report of established population
of Aedes japonicus japonicus (Theobald, 1901) (Diptera,
Culicidae) in the Netherlands. ] Eur Mosq Contr Assoc.
2014;32:9-13.

4. European Centre for Disease Prevention and Control (ECDC).
Guidelines for the surveillance of invasive mosquitoes in
Europe. ECDC Technical Report, Stockholm: ECDC; 2012.
Available from: http://ecdc.europa.eu/en/publications/
Publications/TER-Mosquito-surveillance-guidelines.pdf

5. Jost H, Bialonski A, Storch V, Giinther S, Becker N, Schmidt-
Chanasit ). Isolation and phylogenetic analysis of Sindbis
viruses from mosquitoes in Germany.J Clin Microbiol.
2010;48(5):1900-3. DOI: 10.1128/JCM.00037-10 PMID:
20335414

6. Tappe D, Schmidt-Chanasit J, Ries A, Ziegler U, Miiller A,
Stich A. Ross River virus infection in a traveller returning
from northern Australia.Med Microbiol Immunol (Berl).
2009;198(4):271-3. DOI: 10.1007/500430-009-0122-9 PMID:
19727811

7. Black WC, Bennett KE, Gorroch6tegui-Escalante N, Barillas-
Mury CV, Fernandez-Salas I, de Lourdes Muiioz M, et al.
Flavivirus susceptibility in Aedes aegypti. Arch Med Res.
2002;33(4):379-88. DOI: 10.1016/50188-4409(02)00373-9
PMID: 12234528

8. European Centre for Disease Prevention and Control (ECDC).
Zika virus disease epidemic: preparedness planning guide for
diseases transmitted by Aedes aegypti and Aedes albopictus.
Technical Document, Stockholm: ECDC; 2016. Available from:
http://ecdc.europa.eu/en/publications/publications/zika-
preparedness-planning-guide-aedes-mosquitoes.pdf

9. Kraemer MU, Sinka ME, Duda KA, Mylne A, Shearer FM, Brady
0J, et al. The global compendium of Aedes aegypti and Ae.
albopictus occurrence. Sci Data. 2015;2:150035. DOI: 10.1038/
sdata.2015.35 PMID: 26175912

10. Schaffner F, Mathis A. Dengue and dengue vectors in the WHO
European region: past, present, and scenarios for the future.
Lancet Infect Dis. 2014;14(12):1271-80. DOI: 10.1016/5S1473-
3099(14)70834-5 PMID: 25172160

11. lunicheva luV, Riabova TE, Markovich Nla, Bezzhonova 0OV,
Ganushkina LA, Semenov VB, et al. [First evidence for breeding
Aedes aegypti L in the area of Greater Sochi and in some towns
of Abkhasia]. Med Parazitol (Mosk). 2008; (3):40-3.

12. Ganushkina LA, Patraman IV, Rezza G, Migliorini L, Litvinov
SK, Sergiev VP. Detection of Aedes aegypti, Aedes albopictus,
and Aedes koreicus in the Area of Sochi, Russia.Vector Borne
Zoonotic Dis. 2016;16(1):58-60. DOI: 10.1089/vbz.2014.1761
PMID: 26741323

13. Akiner MM, Demirci B, Babuadze G, Robert V, Schaffner
F. Spread of the invasive mosquitoes Aedes aegypti and
Aedes albopictus in the Black Sea region increases risk of

www.eurosurveillance.org

chikungunya, dengue, and Zika outbreaks in Europe.PLoS
Negl Trop Dis. 2016;10(4):€0004664. DOI: 10.1371/journal.
pntd.0004664 PMID: 27115737

14. Almeida AP, Gongalves YM, Novo MT, Sousa CA, Melim
M, Gracio AJ. Vector monitoring of Aedes aegypti in the
Autonomous Region of Madeira, Portugal.Euro Surveill.
2007;12(11):E071115.6.PMID: 18005646

15. 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. Euro
Surveill. 2010;15(45):19710.PMID: 21087591

16. Ibafez-Justicia A, den Hartog W, Gloria-Soria A, Powell JR,
Dik M, Jacobs F, et al. Accidental introductions of yellow fever
mosquitoes (Aedes aegypti) to the Netherlands with human
trade and transport. 20th E-SOVE Conference; 2016 Oct 3-7;
Lisbon, Portugal, Abstracts p. 41.

17. Calvet GA, Santos FB, Sequeira PC. Zika virus infection:
epidemiology, clinical manifestations and diagnosis.
Curr Opin Infect Dis. 2016;29(5):459-66. DOI: 10.1097/
QC0.0000000000000301 PMID: 27496713

18. Sousa CA, Clairouin M, Seixas G, Viveiros B, Novo MT,
Silva AC, et al. Ongoing outbreak of dengue type 1in the
Autonomous Region of Madeira, Portugal: preliminary report.
Euro Surveill. 2012;17(49):20333.PMID: 23231893

19. Thangamani S, Huang J, Hart CE, Guzman H, Tesh RB. Vertical
transmission of Zika virus in Aedes aegypti mosquitoes.
Am ] Trop Med Hyg. 2016;95(5):1169-73. DOI: 10.4269/
ajtmh.16-0448 PMID: 27573623

20. Agarwal A, Dash PK, Singh AK, Sharma S, Gopalan N, Rao
PV, et al. Evidence of experimental vertical transmission of
emerging novel ECSA genotype of Chikungunya Virus in Aedes
aegypti. PLoS Negl Trop Dis. 2014;8(7):e2990. DOI: 10.1371/
journal.pntd.oo02990 PMID: 25080107

21. Cruz LC, Serra OP, Leal-Santos FA, Ribeiro AL, Slhessarenko
RD, Santos MA. Natural transovarial transmission of dengue
virus 4 in Aedes aegypti from Cuiaba, State of Mato Grosso,
Brazil.Rev Soc Bras Med Trop. 2015;48(1):18-25. DOI:
10.1590/0037-8682-0264-2014 PMID: 25860459

22. Reiter P. Yellow fever and dengue: a threat to Europe?Euro
Surveill. 2010;15(10):19509.PMID: 20403310

License and copyright

This is an open-access article distributed under the terms of
the Creative Commons Attribution (CC BY 4.0) Licence. You
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence, and indi-
cate if changes were made.

This article is copyright of the authors, 2016.



