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MOSQUITO BORN DISEASES IN TURKEY
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Past studies on Mosquito Surveillance in Turkey

Parrish 1959 Ramsdale et.al. 2001 Aldemir et.al. 2009 SOVE Simsek et.al. 2011
1 Anopheles algeriensis Anopheles algeriensis .
2 Anopheles claviger Anopheles claviger D Parrish 1959
3 Anopheles hyrcanus Anopheles hyrcanus
: :nophs/ss maculipennis ss Anopheles maculipennis ss Th e M 0s qult oes Of Turkey

\nopheles messeae

6 ‘Anophele harovi Anophele harovi .o .
e T T 52 Tiir; Anopheles (13), Aedes (17), Culex (16), Culiseta (4),
8 Anopheles marteri Anopheles marteri . .
o ot B pras Uranotaenia (1), Orthopodomyia (1).
10 Anopheles pulcherrimus
11 Anopheles superpictus Ano:heles Zuperpr’cms
12 Acartomyia phoeniciae o e
i Acartomyiazammit CD Ramsdale, B Alten, SS Caglar and N Ozer 2001
14 Aedes cinereus
v Aodiropus s A Revised, Annotated Checklist of the Mosquitoes (Diptera,
17 Aedes echinus Dahliana echinus 11
18 Aedes annulipes Listede yer verilmemis CullCIdae) Of Turkey

o e e 48 Tiir; Anopheles (10), Aedes (3), Ochlerotatus (15), Culex (13),
it e o Culiseta (4), Coquillettidia (1), Uranotaenia (1), Orthopodomyia (1).

23 Aedes excrucians Ochlerotatus excrucians
24 Aedes flavescens Ochlerotatus flavescens
25 Ochlerotatus cataphylla . . . .
2 Octlorottus cyprvs A Aldemir, F Erdem, B Demirci, H Bedir, E Kog¢ 2009
27 Ochlerotatus leucomelas
i ot Pt Species Composition and Seasonal Dynamics of Mosquito
30 Aados lepi o : Larvae (Diptera: Culicidae) in Kars Plateau and Six New
31 Aedes nigrocanus Ochleotatus nigrocanus.
32 Aedes pulcritarsis Ochlerotatus pulcritarsis ReCOI'dS fOl' Turkey
33 Aedes refiki Ochlerotatus refiki
Bl el Aedes cataphylla, Aedes cyprius, Aedes leucomelas, Aedes punctor,
36 Culex deserticola Culex deserticola s s
3 Suordesario Culx doserte Aedes pullatus, Culiseta alaskaensis
38 Culex laticinctus Culex laticinctus
39 Culex martinii Culex martinii
40 Culex mimeticus Culex mimeticus . oo . . .
M Gulox modostus == FM Simsek, C Ulger, MM Akiner, F Giinerkan, SI Cihangir, F
42 Culex perexiguus
43 Culex pusillus Culex pusillus Bardakgl 2011
44 Culex theileri Culex theileri
i zul/exqf/ifnqueiasclams 2::3" Kayit Olarak Belirtilmig Mosquito Species in Southern Turkey
e piions 3 Sr—
47 Culex torrentium Culex torrentium *
48 Culex tritaeniorhynchus Culex tritaeniorhynchus Anopheles melﬂnoon, Cullsetﬂ SubOChrea
49 Culex territans
50 Culiseta alaskaensis
51 Culiseta annulata Culiseta annulata Faren 195 Ramedale oLl 2007
52 Culiseta subochrea 5 Anopheies srensls Hata Kayt
53 Culiseta fumipennis Culiseta fumipennis 60  Anopheles multicolor Giiniimiizde Mevcut Degil
54  Culiseta longiaerolata Culiseta longiaerolata Z : phele e e eat
55 Culiseta morsitans Culiseta morsitans e F——
56 Mansonia richiardii Coquillettidia richiardii 64 Culex apicalis Hatali Kayit
%0 a purpa o e s oo
58 L i L 67 Culex vagans Nalalle;n

Genel Bilgiler Gere¢ ve Yontem Bulgular ve Tartisma Sonuglar




Difficulties on morphological identification

Samples can be damaged

Seta and scales fall off, colours fade away

Recognition requires experience and
expertise

Phenotypic plasticity and morphological
variation of neotype and alloneotype
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NEW TAXONOMY



MOLECULAR IDENTIFICATION

DNA barcoding: cytochrome oxidase subunit I (COI) -
Neighbor joining (NJ) method using Kimura 2 parameter

Barcode of Life Data System, BOLD Natural History
Museum in London and Washington DC

Reliable data to compare sequences was created

Molecular evolution is slow on mtDNA and distance within
two species is rarely over 2%.
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SAMPLING SITES

+ 2010-2017:
34 Cities from all over Turkey




COI-ITS2-EF-ACE



1959-2011: 54 taxa

Anopheles 10
Aedes 23

Culex 13

Culiseta 5
Coquillettidia 1
Uranotaenia 1
Orthopodomyia 1

2010-2017: 63 taxa;

Anopheles 13 taxa
Aedes 24 spp.

Culex 16 taxa
Culiseta 6 spp.
Cogquillettidia 2 spp.
Uranotaenia 1 sp.
Orthopodomyia 1 sp.
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Anophelinae Subfamily

36

An. MBI-36 (35 Haplotypes)

86 62 An. maculipenis s.s. (30 Haplotypes)

90

An. melanoon (1 Haplotype)

ﬁ‘ An. messeae (8 Haplotypes) ]

62 100 < An. sacharovi (16 Haplotypes) ]

100

80
—<  An. hyrcanus (4 Haplotypes)

100 7{ An. pseudopictus (7 Haplotypes) ]

100 i An. marteri (3 samples BOLD)

100 < An. claviger (19 Haplotypes)

An. pulcherrimus (1 sample GenBank)

83 [ .
An. superpictus (11 Haplotypes
1b0< perp ( plotyp )]

An. plumbeus (1 Haplotype)

100

82 < An. algeriensis like (3 Haplotypes) ]

99

100 -l An. algeriensis (4 Haplotypes)

0.02

24 cities 1.794 samples -
345 mosquitoes barcoded

10 Anopheles species + 4
new taxon



Anopheles Genus Anopheles Subgenus

Anopheles (Anopheles) algeriensis, Theobald, 1903

40 samples are An. algeriensis, 16 of them barcoded

6 of them are 5% different than the other 10
samples
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Anopheles Genus Anopheles Subgenus

Anopheles (Anopheles) claviger, Meigen, 1804

Anopheles claviger s.1. 17 cities 74 samples, 28 were barcoded

None of them are Anopheles petragnani with 6.8% distance

Morphological Identification
1 Morphological and Molecular Identification



Anopheles Genus Anopheles Subgenus

Anopheles (Anopheles) hyrcanus, Pallas, 1771

4th tarsal segment

200 samples, 26 were barcoded

1,4 % genetic distance

Anopheles hyrcanus (a) Anopheles pseudopictus (b)

» Morphological and Molecular Identification



Anopheles Genus Anopheles Subgenus

Anopheles (Anopheles) hyrcanus, Pallas, 1771

. . .

‘e b

Anopheles hyrcanus (a) Anopheles pseudopictus (b)

An. hyrcanus FJ210895.1 GenBank T A T A A T TA T A A C A C C C [562]

%9 An. hyreanus Haplotype 1 L Be
63— An. hyrcanus Haplotype 2 e € T o1

4 L An. hyrcanus Haplotype 4 N ¢ SR [-157)

50 An. hyrcanus Haplotype 3 T e oA

An. pseudopictus Haplotype 2 A. C. . C .. GT A [562]

An. pseudopictus Haplotype 1 A. C. GC.. GT A [562]

54— An. pseudopictus Haplotype 3 AG C . c .. GT A [562]

42 L an pseudopictus Haplotype 4 AG C . C A. GT A [562]

38 ! An. pseudopictus Haplotype 9 A. C. . CA. . GT A [562]
An. pseudopictus Haplotype 7 A. CG. C. G. GT . A [562]

13 63— An. pseudopictus Haplotype 5 A. C . c .. GT A A [562]
be— pseudopictus Haplotype 8 A. C . c .. . GT T A [562]

" An. pseudopictus Haplotype 6 A. C . cC.. CGGT A [562]



Anopheles Genus Anopheles Subgenus

Anopheles (Anopheles) maculipennis, Meigen, 1818 species complex

In Palearctic:
An. artemievi Gordeev, 2005; 13 hAE%
An. atroparvus van Thiel, 1927; /
An. beklemishevi Stegnii ve Kabanova, 1976; |
An. daciae Nicolescu, 2004;
An. labranchiae Falleroni, 1926;
An. maculipennis s.s. Meigen, 1818;
An. martinius Shingarev, 1926;
An. melanoon Hackett, 1934;
An. messeae Falleroni, 1933;
An. persiensis Linton, 2003;

An. sacharovi Favre, 1903

11 species



Anopheles Genus Anopheles Subgenus
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Anopheles Genus Anopheles Subgenus

Anopheles (Anopheles) maculipennis, Meigen, 1818 species complex

An. maculipennis s.s. (n=172), An. messeae (n=11), An. melanoon (n= 3) and An. sacharovi (n= 42)

47
. An. maculipenis s.s. (30 Haplotypes and 12 samples from GenBank)

71

34 An. MBI-36 (35 Haplotypes)

An. melanoon (1 Haplotype)
48 An. atroparvus LK054515.1 GenBank

34 aQ An. labranchiae (9 samples from GenBank)

99
=< An. beklemishevi (10 samples from GenBank)

36
86 An. messeae (7 Haplotypes and 1 sample from GenBank)
39 An. daciae (9 samples from GenBank)
30
An. sacharovi (15 Haplotypes and 4 samples from
100 GenBank)

0.02




Anopheles Genus Anopheles Subgenus

Anopheles (Anopheles) maculipennis, Meigen, 1818 species complex

An. maculipennis s.1. Samples from 2013

Edirne Sakarya Sinop Samsun Cankin

Anopheles Anopheles messae Anaopheles Anopheles Anophefes

moculipennis & Anopheles maculipennis i maculipennis sl maculipennis sl macwipennis ss

Kirklaredi o Artvin

Anopheies Anopheles

macwlipennis si macwlipennis sl

Tekirdag

L) Igdwr

mcw::;ms sl Amph;:e:ni’ o

Bursa Anopheles

Anopheles maculipennis

macwlipennis sl DOV

Manisa

Anapheles Mardin

macwlipennis sf Ancpheles maculipennis Ancpheles
mocufipennis sl maculipennis sl Anopheles sochorow moculipenis <l



Anopheles Genus Anopheles Subgenus

Anopheles (Anopheles) maculipennis, Meigen, 1818 species complex

= 22 cities 1.382 samples of An. maculipennis s.l. — 228 were barcoded

© Anopheies MBI-36
Anopheles maculipennis .5,

0 Anopheles messeae

. ® Anopheles melanoon

+> © Anopheles sacharovi




Anopheles Genus Anopheles Subgenus

Anopheles (Anopheles) maculipennis s.s. Meigen, 1818

An. maculipennis s.1. 75 % are An. maculipennis s.s. And they are forming 2
groups: 1,4 % genetic distance

Genetic distance between An. messeae and An. daciae is 0.7%!!!
NEW SPECIES?

An. MBI-36 (35 Haplotypes)
57

59 ‘4 An. maculipenis s.s. (30 Haplotypes)
61

An. melanoon (1 Haplotype)
” ——ailill] An. messeae (8 Haplotypes)

” < An. sacharovi (16 Haplotypes)
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1
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Anopheles Genus Anopheles Subgenus

Anopheles (Anopheles) maculipennis s.s. Meigen, 1818

© Anopheles MBI-36
"~ Anopheles maculipennis s.s.
@ Anopheles messeae

M . @ Anopheles melanoon
4 © Anopheles sacharovi
84
An. MBI-36 (35 Haplotypes)
57|
59 ?4 An. maculipenis s.s. (30 Haplotypes)
'S An. melanoon (1 Haplotype)

|—< An. messeae (8 Haplotypes)
99
% << An. sacharovi (16 Haplotypes)

0.02




Anopheles Genus Anopheles Subgenus

Anopheles (Anopheles) maculipennis s.s. Meigen, 1818
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An. MBI-36 (35 Haplotypes)

59 _.?4 An. maculipenis s.s. (30 Haplotypes)

— An. melanoon (1 Haplotype)

—< An. messeae (8 Haplotypes)
99

% << An. sacharovi (16 Haplotypes)
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Anopheles Genus Anopheles Subgenus

Anopheles (Cellia) superpictus, Grassi, 1899

100
{ An. superpictus (11 Haplotypes and 5 samples from GenBank)

Adana, Aydin and Erzincan
3 cities — South, West and
East Anatolia

’7 100 < An. pulcherrimus (3 samples from GenBank)

700 An. stephensi (3 samples from GenBank)

2nd important malaria

s —
0.02 vector

Anopheles (Anopheles) plumbeus, Stephens, 1828

An plumbeus (1 Haplotip)

KM258215.11 Anopheles plumbeus I
== ¢ | ¥YBORNET
KM258216.11 Anopheles plumbeus CCOC Buwvgear heraes o entrepend Swaeedaced buws foek-Leaws Pt ¢ Havi i J
-
KM258217.11 Anopheles plumbeus = T — — —
KM258218.11 Anopheles plumbeus —
KM258219.11 Anopheles plumbeus o VBORNET Maps
PINLTpec 2 I U T AL i i s LTI vy ey

An claviger (1 Haplotip) ¥ ‘_;J.:.-.';_ :'.;\, Y I T R S Y
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Culicinae Subfamily; Aedini Tribe

23

45

26

89
33 . Ae. zammitii (3 Haplotypes)
99 Ae. phoeniciae (2 Haplotypes)
48
83| 55 . Ae. caspius (66 Haplotypes)

89 A je. dorsalis (4 samples from GenBank)

—mll Ae. pulchritarsis (4 Haplotypes)

100.
100
——————— < Ae. pullatus (2 Haplotip) ]

— —gf] Ae. leucomelas (6 Haplotip) ]

51 4|7Ae. communis (1 Haplotip)

96 <Ae4 punctor (8 Haplotip) ]
100

100

————————————4 Ae. detritus (4 Haplotip)
100

————— <« Ae. cyprius (2 samples from GenBank)
L 99

45 Ae. flavescens (2 Haplotip)
496':-,48» annulipes (4 Haplotip) ]

29

Ae. echinus (1 sample from GenBank)
92 « Ae. geniculatus (4 Haplotip)

100
Ae. rusticus (1 Haplotip)
100

64 —ll. Ae. cinereus (4 samples from GenBank)
69 Ae. albopictus (1 Haplotip)]
—100< Ae. cretinus (3 samples from BOLD)
89
Ae. vexans (35 Haplotypes,
100 ( plotypes)
A

0.02

20 cities 1968 Aedes
samples — 296
barcoded

Aedes albopictus
new record for the

country

Aedes aegypti and
Aedes albopictus in
North East Turkey

Presence of Ae.
annulipes, Ae.
leucomelas, Ae.
pullatus and Ae.
punctor proven.



Culicinae Subfamily; Aedini Tribe

Stegomyia Subgenus

VELID SAINE AR 2SN 1D U EEASES
wabino 18 Moroe X o008

= Aare on Loben Ine
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ORIGINAL ARTICLE

First Record of Stegomyia aibopicta in Turkey Determined
By Active QOvitrap Surveillance and DNA Barcoding

L Dan) Mie Guriee” Crha, Twoe) Yoeuee Bar e Liker? Nereo Delivi g Dabest St

Ae albopictus (1 Haplotip)
76 | KM457563.11 Aedes albopictus

100 KM457564.1] Aedes albopictus

Iﬂ/l457562. 11 Aedes albopictus
KC970275.11 Aedes albopictus
NHMO03164IAedes cretinus

| NHMO03165IAedes cretinus

100
| NHMO03168IAedes cretinus
NHM11784IAedes aegypti
| NHM11786/Aedes aegypti

0.02

100 | NHM11787IAedes aegypti

NHM11788IAedes aegypti




Culicinae Subfamily; Aedini Tribe

Aedes albopictus in Aedes aegyplti and
North West Turkey Aedes albopictus in
- 2011- North East Turkey

2015. Akiner et al.
2016
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Culicinae Subfamily; Aedini Tribe

Aedes and Aedimorphus Subgenus

Aedes (Aedes) cinereus, Meigen, 1818

Aedes (Aedimorphus) vexans, Meigen, 1830

100

Ae. vexans (35 Haplotypes)

—=m  Ae. cinereus (3 samples from GenBank)




Aedes vexans throughout the world

44

67
Ae vexans Europe

58

34

Ae vexans North America

Ae vexans arabiensis

< Ae vexans nipponii
94

Ae vittatus vittatus

0.02
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Culicinae Subfamily; Culicini Tribe

Culex (Barraudius) modestus, Ficalbi, 1889
Contents lists avallabde at Goioncaliroct
Culex (Barraudius) pusillus, Macquart, 1850 *
r Acta Tropica
Culex (Culex) laticinctus, Edwards, 1913
journal homepageo: www.elsevier.com/locatelactatropica
Culex (Culex) mimeticus, Noe, 1899
Culex (Culex) perexiguus, Theobald, 1903 Barcoding Turkish Culex mosquitoes to facilitate arbovirus vector
incrimination studies reveals hidden diversity and new potential
Culex (Culex) pipiens ss, Linnaeus, 1758 ¥ g
vectors
Culex (Culex) pipiens f. molestus, Forskal 1775 Filiz Gunay*, Bulent Alten”, Fatth Simsek", Adnan Aldemir*, Yvonne-Marie Linton
Culex (Culex) quinquefasciatus, Say, 1823
31 100 | Cx. tritaeniorhynchus (8 Haplotip)
Culex (Culex) theileri, Theobald, 1903 « Cx. mimeticus (3 Haplotip)
14 g0 | Cx. pipiens (1 Haplotip) oge
Culex (Culex) torrentium, Martini, 1925 99['L ¢x. quinguefasciatus (1 Haplotio) 31 CltleS, 2058 Cu lex
” samples — 247

Cx. pipiens f. molestus (1 Haplotip)

Culex (Culex) tritaeniorhynchus, Giles, 1901 94 ) ) barcoded
£< Cx. torrentium (7 Haplotip)

19
Cx. modestus (7 Haplotip)
Culex (Maillotia) deserticola, Kirkpatrick, 1924 100 -
o Cx. laticinctus (1 Haplotip) BarCOdes l‘epl‘esent 13
Culex (Maillotia) hortensis Ficalbi, 1889 99 ‘< Cx. theileri (19 Haplotio) taxa
91
g Cx. 1 4 Haploti|

Culex (Neoculex) europaeus, da Cunha Ramos, 100 ox perex;gua;sog apiote) C 0 d o C

E'———-< Cx. impudicus (5 Haplotip) X. lmp udicus ve LXx.

Ribeiro ve Harrison, 2003 100 % Cx. territans (3 6rnek GenBank) q ulnq uequClutuS are
Cx. sp 1 (2 Haplotip) new records for

Culex (Neoculex) impudicus, Ficalbi, 1890 < Cx. hortensis (12 Haplotip) Tllrkey

100
Culex (Neoculex) martinii, Medschid, 1930

0.02




Culicini Tribe; Culex Genus

Neoculex Subgenus

Culex (Neoculex) europaeus, da Cunha Ramos, Ribeiro ve Harrison, 2003

Culex (Neoculex) impudicus, Ficalbi, 1890

Culex (Neoculex) martinii, Medschid, 1930
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Culicini Tribe; Culex Genus

Culex Subgenus Culex pipiens species complex and Culex torrentium

-

3
| era66

® Culex pipiens s.s.

Culex quinquefasciatus
® Culex pipiens f. molestus
N ® Culex torrentium




Culicini Tribe; Culex Genus

Culex Subgenus
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Arboviral Surveillance of Field-Collected Mosquitoes
Reveals Circulation of West Nile Virus Lineage 1 Strains
in Eastern Thrace, Turkey
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New records for Turkey:
Ae. albopictus,

An. hyrcanus var. pseudopictusCq. buxtoni,

Cx. impudicus

Cq. buxtoni, Cx. hortensis, Cx. laticinctus ve Cx. perexiguus were
barcoded for the first time

We aproved the presence of Ae. annulipes, Ae. leucomelas, Ae.
pullatus, Ae. punctor, An. messeae, Cx. quinquefasciatus and Cx.
pipiens f. molestus molecularly




ARBOVIRUSES ON THE SYRIAN BORDER
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Syria Project

28441 Specimens (Morphology)
28203 Specimens (Virus screening)
238 Specimens (DNA barcoding)

8 pools ( Virus +)




ARBOVIRUSES ON THE SYRIAN BORDER
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ARBOVIRUSES ON THE SYRIAN BORDER
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ARBOVIRUSES ON THE SYRIAN BORDER

Environment
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ARBOVIRUSES ON THE SYRIAN BORDER

Sky No. Shade
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virus detection

Morphological ID Molecular ID Virus detected
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The presence of Chikungunya virus in the country was recorded for the first

time
The ongoing circulation of West Nile virus was revealed

CHICK virus has been found in inefficient vector species but recent studies
have shown the distribution of Aedes albopictus and Aedes aegypti is expanding

in the North East of Turkey, which increases the risk of transmission

Executing a mosquito DNA barcode reference database is helpful to estimate

the primary vector species in the critical areas
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