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English version / anglicka verze

Abstract

Insect is the largest and the most diverse class of animals and many species have
significant impact to people and his activities, whether positive or negative. Since the
late 19th century it is known, that bloodsucking insects can serve as vectors of
pathogens, causative agents of many infection diseases. As climate change, the
distribution and abundance of arthropods including bloodsucking insects can be
affected. Emergence of new vector-borne diseases in Europe is likely to be among the
most important effects of global changes. In recent years, several vector-borne
diseases affecting humans and domestic animals have (re)emerged and spread in
Europe with major health, ecological and socio-economical consequences. For
example mosquito-borne West Nile virus affects human and animal health, as well.
On the other hand, two newly emerged zoonosis, caused by Bluetongue and
Schmallenberg viruses and transmitted by biting midges, affect mainly small
domestic ruminants.

In the frame of broader projects, two epidemiological and entomological
surveys focused on mosquitoes and biting midges as possible vectors of West Nile
virus, Bluetongue or Schmallenberg virus were carried out in the Czech Republic.
New mosquito and biting midges species were recorded for the Czech Republic, the
presence of West Nile virus was found in mosquitoes as well as a new trypanosome
species, Trypanosoma culicavium. Beside the faunistic studies, and screening for
pathogen presence in insect, we studied also feeding preferences of mosquitoes,
which strongly correlate with parasite transmissions as they influence the spectrum
of the host contacts.

Introduction

Mosquitoes are one of the most studies groups of insect worldwide, while they
are known as vectors of many serious infectious diseases like malaria, yellow fever or
dengue. In recent decades, several vector-borne diseases affecting human, livestock
and also wild animals, have emerged in Europe (Halouzka and Hubalek 1996, Hubalek
2008). Several faunistic studies were undertaken also by several authors within the
Czech and Slovak Republics. The most complete study of mosquito fauna of the former
Czechoslovakia was published in 1958 (Kramar 1958) then some local studies were
done (Minar and Halgos 1997, Orszagh et al. 2006, Dvorak 2012). In previous studies,



42 mosquito species have been recorded in our territory, 37 in Bohemia and 37 in
Moravia (Orszagh et al. 2006). Regular trapping of females has been extensive only in
two studies in the last few years, 22 species of mosquitoes were trapped, including
Anopheles hyrcanus and Uranotaenia unguiculata (Sebesta et al. 2009, Sebesta et al.
2010). The most recent study from the Lower Dyje basin confirmed 30 species from six
genera present in our territory, with the two same most frequent species Ochlerotatus
sticticus and Aedes vexans (Sebesta, et al. 2012). As the region of the South Moravia is
known to have a mild climate the most favourable habitat for breeding of mosquitoes
within the Czech Republic (Sebesta et al. 2012), can be also favourable for local
mosquitoes as potential vectors of pathogens, from which the Tahymia, Batai, Lednice,
and West Nile viruses have been recorded (Danielova et al. 1972, Hubalek et al. 1998,
Juricova et al. 2009, Radrova et al. 2013). Outbreaks and sporadic cases of West Nile
fever were reported mainly in Mediterranean countries and in south-eastern Europe
(Hubalek and Halouzka 1999, Zeller and Schuffenecker 2004). Human cases of West
Nile fever also occurred in the Czech Republic in July 1997, after heavy rains caused
extensive floods along the Morava River (Hubalek and Halouzka 1999). The Flavivirus
strain isolated in the Czech Republic isolated from Culex pipens mosquitoes in 1997
was named as Rabensburg virus (RabV), but exhibited a close antigenic relationship to
WNYV as well as the complete nucleotide and putative amino acid sequence (Bakonyi et
al. 2005).

Transmission of pathogens between vertebrate hosts is achieved by the blood-
feeding habit of the mosquitoes, which enables the disease agents to successfully
become established in and be transmitted by their arthropod hosts. Especially feeding
preferences and spatial distribution of host-seeking mosquitoes are critical aspects of
pathogen transmission. These characteristics influence the spectrum of host contacts
and consequently the role of mosquitoes as vectors of pathogens. Mainly two
mosquitoes species have been also involved in WNV transmission: Cx. modestus in
France (Mouchet et al. 1970) and Cx. pipiens in Israel (Goldblum et al. 1954), Romania
(Savage et al. 1999), and the United States (Bernard et al. 2000). These two species are
strongly ornithophilic and good enzootic vector candidates. Cx. modestus aggressively
fed on people and horses and is a "bridge" vector candidate in wet areas of Camargue.
Cx. pipiens (more ornitophilic than Cx. modestus) also fed on horses and acts as a
"bridge" vector according to some authors (Kilpatrick et al. 2005).

Avian trypanosomes are transmitted by a wide variety of blood-sucking
arthropods belonging to the Simuliidae, Culicidae, Ceratopogonidae or Hippoboscidae
(Baker 1976, Linley 1985, Votypka and Svobodova 2004, Votypka et al. 2012, Zidkova
et al. 2012). In invertebrate vectors, trypanosomes multiply in intestine and
transmission is completed by ingestion of infected insect or by contaminative



transmission, through feces (Votypka and Svobodova 2004). Also transmission by
predation among birds, by eating of contaminated prey by a raptor is assumed (Dirie et
al. 1990). The up-to date study split avian trypanosomes into 11 separate lineages,
three of them in accordance of previously described life-cycle data. The T. corvi lineage
was formed by isolates from hippoboscid flies, songbirds and newly by raptors, the T.
culicavium lineage was formed by mosquitoes and insectivorous songbirds, and
isolates from black flies, songbirds and raptors were found in the T. cf. avium lineage
(Zidkova et al. 2012).

Not only mosquitoes are important vectors of infectious diseases. Biting midges
of the genus Culicoides are frequently studied as an important subject in human and
veterinary medicine and the interest was markedly increased in recent years in relation
to outbreaks of their transmitted viral diseases as Bluetongue and Schmallenberg
virus. The first study introducing the complete list of Culicoides species listed 56
species for the whole territory of the former Czechoslovakia (Orszagh and Chalupsky
1987). The last and the most actual list of Culicoides species report 49 species for the
lands comprising Bohemia and Moravia (Téthova and Knoz 2009). For our neighbours
and former part of the Czechoslovakia, Slovak republic, was known 55 species of
Culicoides (T6thova and Knoz 2009).

Aims of the thesis

e To describe mosquito species occurring in selected wetland localities of the Czech
Republic.

e To study feeding preferences of selected mosquito species.

e Detection of transmitted pathogens in mosquitoes with focus on West Nile virus
and trypanosomatids.

e To describe biting midges fauna attacking livestock and hoofed game in the frame
of Bluetongue virus surveillance programme.

Materials and methods

Materials and methods are described in detail in the original publications, only
briefly mainly used these methods:

Insects catching of using CDC traps with different types of attractants
Insects determination using different identification keys

DNA or RNA isolation, cDNA transcription

PCR, nested PCR detection of blood and pathogens

Barcoding



Results and discussion

Mosquito faunal studies were carried out in five separate wetland regions in
the Czech Republic during 2004—2007, sampling with dry ice-baited and sentinel
host-baited CDC traps. A total of 51,834 mosquitoes from dry ice—baited CDC traps,
and 27,411 mosquitoes from sentinel host—baited traps were collected, representing
23 mosquito species that belonged to the genera Anopheles, Culiseta, Coquillettidia,
Aedes, and Culex. The dominant species collected using both type of CDC traps
during 2004—2007 was Cx. modestus was (58.5%), followed by Cx. pipiens (27.5%)
and Ae. vexans (4.5%), respectively. With reference to genera, Culex spp. comprised
86.4%, Aedes spp. 12.1%, Cq. richiardii 0.9%, Anopheles 0.5%, and Culiseta spp.
0.2% of the mosquito fauna. No significant differences were observed in a total
number of mosquitoes collected by traps baited either with animals or with COz2,
although species abundance differed. A relatively higher proportion of Cx. modestus
was collected in the sentinel-baited traps, while the proportion of Cx. pipiens was
higher in the CO:-baited traps.

In previous studies, 42 mosquito species have been recorded in our territory,
37 in Bohemia and 37 in Moravia (Orszagh et al. 2006). Our findings reveal that the
mosquito fauna is enriched by new elements from the Mediterranean region. New
species, Anopheles hyrcanus was found in southern Moravia and this finding
represents the northernmost point of An. hyrcanus occurrence in Europe. Our
findings correspond with the previous findings in Slovakia (Halgos and Benkova
2004) and clearly demonstrate further spreading of this Mediterranean species
within the temperate zone of central Europe. Finding of this thermophilic species
Anopheles hyrcanus can be related to the presumed climatic changes (Sebesta 2012).
During the last three years, An. hyrcanus was repeatedly found in relatively high
densities in all studied sites in southern Moravia and it is capable of becoming
established in new territories. Some of the recorded mosquito species were earlier
considered as rare in the Czech Republic, for example Culex modestus or Coquiletidia
richiardii (Kramar 1958). Culex modestus was previously reported only from 3
localities in south Bohemia and in low numbers (Kramar 1958, Rettich et al. 1978).
Based on our findings, we can confirm that thermophilic Cx. modestus became
common in wetland areas in Bohemia during recent years and in many places it
constitutes the major species of mosquito fauna.

To measure the role of Culex mosquitoes as WNV vectors, host-seeking females
were collected using animal-baited traps containing live birds (quail) or mammals
(rabbits) and CO.-baited CDC traps placed in wetlands in the Czech Republic. Culex
pipiens and Culex modestus were the most frequently collected species. Although Cx.
modestus did not distinguish between baits, Cx. pipiens was collected significantly
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more frequently in bird-baited traps. In France, Cx. modestus fed on birds and also on
humans and horses (Balenghien et al. 2006). Similarly in our study, Cx. modestus
does not exhibit a preference for either rabbits (53 %) or Japanese quail (47). On the
contrary, higher shift to ornitophilia was described in Russian population (Fyodorova
et al. 2006), and same observation was made on south Moravia using sentinel hosts,
Cx. modestus mosquitoes preferred ducks and chickens, while rabbits were ignored
(Minar 1969). Using animal baited traps in Sweden high willingness of Nordic
populations of Cx. pipiens feed on birds was proved (Jaenson 1990). Similar study was
performed also in Israel (Braverman et al. 1991) where Cx. pipiens preferred
mammalian hosts. In north-eastern Italy, 77 % of Cx. pipiens mosquitoes fed on broad
spectre of birds, but some willingness to feed on mammals is clear (23 %) (Rizzoli et al.
2015), similar patterns were observed in Spain (Mufoz et al. 2012). Some studies
describe also feeding on cold-blooded vertebrates like frogs, lizards or snakes
(Apperson et al. 2002, Medlock et al. 2005). The mixed host preferences of the Czech
Cx. pipiens populations (Radrova et al. 2013) support the hypothesis of a north-south
gradient of Cx. pipiens mosquito host preferences, ranging from strictly ornithophilic
populations in the north to mammaliophilic populations in the south.

Based on mitochondrial DNA analysis of bloodmeals from engorged females
collected by CO.-baited traps situated within reed beds, a diverse group of birds were
the predominant hosts (94 %), followed by mammals (4%) including humans, and
amphibians (2 %). These results indicate a broad range of avian blood sources
exploited by Culex mosquitoes. Significant differences in the proportion of bird orders
Anseriformes and Passeriformes in Cx. pipiens and Cx. modestus blood meals were
detected. Whereas Cx. pipiens prefers Passeriformes (e.g. Turdus and Sturnus), Cx.
modestus focuses on Anseriformes (e.g. Anas and Anser). The differences could be
explained by different mosquito occurrence in various biotopes. Cx. modestus is more
abundant in reeds where Anseriformes occurs frequently, while Passeriformes
preferred distant biotopes where a higher proportion of Cx. pipiens were collected.
This hypothesis is supported by several studies (Magnarelli 1977, Ngo and Kramer
2003, Apperson et al. 2004), describing Passeriformes as the most frequent host of Cx.
pipiens. Both Culex species were observed to feed on both, birds and mammals with
different proportion in different countries, and in both West Nile virus was detected,
they may be considered as potential WNF “bridge vectors” between birds and humans
as well as main vectors in sylvatic avian cycle (Platonov et al. 2008).

In total, WNV was detected in ten pools of both studied Culex species, four Cx.
modestus form south Bohemia and six Cx. pipiens from south Moravia, and our
findings support the previous hypothesis that Cx. pipiens and Cx. modestus are the
principal vectors of WNV in the Czech Republic. Based on sequence analysis, our



RNA positive pools belong to Rabensburg virus (RabV; subtype of WNV; lineage 3)
previously isolated in southern Moravia from Cx. pipiens in 1997, 1999 and 2006
from Ae. rossicus. (Hubalek et al. 1998, Hubalek et al. 2010). In 2013, WNV lineage
2 were isolated from Culex modestus (Rudolf et al. 2014). Obtained isolates suggest
the occurrence of the virus in another localities, WNV was detected for the first time
in mosquitoes captured in Bohemia (four pools of Cx. modestus)(Radrova et al.
2013). The first detection of WNV (subtype RabV) in Cx. modestus in Bohemia and
confirmation of WNV presence in Cx. pipiens in Moravia together with observed
feeding behaviour supports the presumed role of both Culex species in the avian-to-
avian enzootic WNV cycle and in avian-to-mammal transmission in the Czech
Republic.

In conjunction with trypanosome PCR screening among mosquitoes captured
around fishponds in southern Moravia and Bohemia during WNV study, 129 pools
representing 5565 individuals of Culex (Culex) pipiens and Culex (Barraudius)
modestus were tested. Altogether, 11 pools were positive for trypanosome DNAs and
of those, only seven (5.5% of the total) were T. culicavium by sequencing of part of
the SSU rRNA gene. The prevalence of tested mosquitoes was 0.3 % for C. pipiens and
0.05% for C. modestus. The presence of parasites found by dissection and by PCR
demonstrates that 7. culicavium occurs in Culex mosquitoes at various localities
(forest areas and wetlands) in Bohemia and Moravia. Our data, based on naturally
infected mosquitoes, indicate that T. culicavium is able to infect at least two different
subgenera of the genus Culex. Molecular detection of avian trypanosomes (belonging
to the T. avium and T. corvi groups) in wild-caught vectors was reported in USA (Van
Dyken et al. 2006), who found three (0.2 %) positive Culex pipiens and Culex tarsalis
mosquitoes.

Insect sampling using CDC black-light suction traps near domestic livestock
and hoofed game provides the first comparison of Culicoides fauna attacking these
two groups of hosts inhabiting different environments. From almost a half million
biting midge specimens collected at 41 sampling sites, 34 species were identified. The
biting midge fauna was well described by Orszagh (1980) who enumerated 63
Culicoides species for the area of the former Czechoslovakia. After this study, several
papers appeared on diversity, biology and abundance of biting midges or describing
new species for the Czech Republic (Orszagh and Chalupsky 1987, Knoz and Vanhara
1991, Knoz 1997, 1998, Knoz et al. 2004, To6thova et al. 2004, 2005, Knoz and
Tothova 2008); however the majority of these studies focused only in particulr
regions part of the country. The last and the most up-to-date checklist of Culicoides
species reported with 49 species in the Czech Republic and 55 species in Slovakia
(T6thova and Knoz 2009). Recently, five new species were added and the checklist of
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Culicoides species found in SK has been updated to 63 species (Sarvasova et al. 2014).
Our study updates the number of Culicoides species in the Czech Republic to the
current 52 species the adding three new species: Culicoides clastrieri, C. odiatus, and
C. saevus. Several Culicoides species were common for both types of localities,
including C. obsoletus, a proven vector of the bluetongue and Schmallenberg viruses.
On the other hand, a clear difference was found in the total species number caught at
localities with livestock (26 species) versus hoofed games (16 species). The Culicoides
obsoletus species complex, incriminated as a bluetongue virus vector, was
predominant in both domestic livestock (91%) and hoofed game (52%). Biting midges
were found to be largely absent during at least three winter months, which indicates
that the virus overwinters by an alternative mechanism, e.g. in vertebrate hosts or in
vector larval stages. Several peaks in C. obsoletus abundance suggest several
consecutives generations during the year and indicate that C. obsoletus is a
multivoltine species, as described earlier (Orszagh 1980, Meiswinkel et al. 2014). The
first and usually highest peak appeared in the second half of May, as the first
generation emerged. The same tendency was also observed in hoofed game samples.
Similarly in Sweden, the first Culicoides midges emerge in May to June, depending
on locality, and are last caught in August to September (Ander et al. 2012). On the
contrary, in Belgium the vector free period is limited to just January (De Regge et al.
2015). We studied also seasonal dynamics of parous and we found that the proportion
of parous females in the studied population of biting midges at both types of localities
was relatively high, fluctuating between 30 to 40% in average. Parity rates varied
during the year at both livestock and hoofed game localities, as Culicoides obsoletus is
a multivoltine species with more generations per year; its parity rate decreased with
the disappearance of the old generation and then increased again with feeding of the
new generation. Just a few studies have focused on seasonal dynamics of parous
biting midge females. In California, Culicoides vairiipennis tend to have a highest
proportion of nulliparous females in the early season and later the proportion
fluctuated around 50% (Linhares and Anderson 1989) and also in Virginia the
proportion of C. obsoletus parous females varied throughout the seasons
(Zimmerman and Turner 1983).

Bloodsucking diptera are very interesting group of insects, as they serve as
vectors of several diseases. There is many criterions for possible transmission of
pathogens as presence on the locality, host preferences of possible vectors, vector
competence, vector capacity and others natural conditions. And as the climate change,
new species of blood sucking insects are spreading into new localities, introducing new
pathogens. Continuous monitoring and analysing of bloodsucking insect can predict
possible risks of disease outbreaks, and can elucidate unknown or uncertain vector-
host relation.
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Ceska verze /czech version

Abstrakt

Hmyz je jednou znejrozmanitéjSich a nejrozsirenéjSich skupin zivocichd,
v ramci které nalézame mnoho druht ovliviujicich lidi, at uz pozitivné ¢i negativné.
JiZz od konce 19. stoleti je znamo, ze krevsajici hmyz mize hrat roli v pfenosu
patogeni pisobicich rizna onemocnéni. Spolu se zménami klimatu dochazi také k
Siteni Clenovcli, véetné krevsajictho hmyzu na nova tizemi, kde mize slouzit jako
vektor, diky ¢emuz doslo vuplynulych letech kSifeni hmyzem pienosnych
onemocneéni postihujicich lidi i doméci zvirata na izemi Evropy, s dopadem nejen na
zdravi, ale také ekologickymi a socidlné-ekonomickymi disledky. Jedna se napriklad
o komary prenéaseny virus zapadonilské horecky infekni pro lidi i zvifata, nebo dvé
zoondzy postihujici zejména ovce, Kataralni horecka ovci a virus Schmallenberg,

prenasené tipliky.

Vramei Sir§ich projektl byly na tizemi Ceské republiky zpracovany dvé
epidemiologické a entomologické studie cilené na komaéary a tipliky jako mozné
prenasece viru zapadonilské horecky, kataralni horecky ovci ¢i viru Schmalenberg
Diky tomu byly na naSem tzemi zaznamenany nové druhy komard i tiplikd, byla
prokazana pritomnost viru zapadonilské horec¢ky v komarech a také byl nalezen novy
druh trypanosomy, Trypanosoma culicavium. Kromé faunistickych studii a detekce
patogenti v krevsajicim hmyzu byly studovany i hostitelské preference komara, které
uzce souvisi s prenosem patogenii mezi hostiteli, jelikoz ovliviiuji druhové spektrum

moznych hostiteld.

Uvod
Komari jsou celosvétove jednou z neprostudovanéjsich skupin hmyzu, zejména proto,
Ze prenaseji mnoho vaznych infek¢nich onemocnéni jako je malarie, zZluta zimnice, ¢i
horecka dengue. V poslednich dekaddach se v Evropé rozsirilo nékolik hmyzem
prenosnych onemocnéni lidi, hospodarskych i volné zijicich zvirat (Halouzka and
Hubalek 1996, Hubilek 2008). Vramci Ceské republiky a Slovenska bylo
publikovdno mnoho faunistickych studii, nejkompletné€ji popsana fauna komart
nékdejsiho Ceskoslovenska vysla vroce 1958 (Kramaf 1958), pozdéji se objevuiji
hlavné lokalni studie (Minar and Halgos$ 1997, Orszagh et al. 2006, Dvorak 2012).
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Celkem bylo pro nase tizemi popsano 42 druh@ komart, 37 pro Cechy a 37 pro
Moravu (Orszagh et al. 2006). Béhem poslednich let byly provadény pravidelné
intenzivni odchyty pouze u dvou studii a bylo zaznamenano 22 druht komari vcetné
Anopheles hyrcanus a Uranotaenia unguiculata (Sebesta et al. 2009, Sebesta et al.
2010). Nejnovéjsi studie z dolniho povodi Dyje potvrzuje 30 druhtt komara z Sesti
rodii vyskytujicich se v Ceské republice, s dominantnimi druhy Ochlerotatus sticticus
a Aedes vexans (Sebesta, et al. 2012). Region jizni Moravy je zndm svym mirnym
klimatem, ktery je pithodny pro mnoho druhféi komart (Sebesta et al. 2012) a také
jimi prenaSenych patogent jako viry Tahyia, Batai, Lednice ¢ virus zapadonilské
horecky (virus West Nile, WNV), které zde byly detekovany (Danielova et al. 1972,
Hubalek et al. 1998, Juricova et al. 2009, Radrova et al. 2013). Vyskyt piipadi
zapadonilské horecky byl hlaSen zejména z oblasti mediteranu a jihovychodni Evropy
(Hubalek and Halouzka 1999, Zeller and Schuffenecker 2004), ale lidské ptipady byly
zaznamenany i na nasem tzemi, po silnych destich a zaplavach v okoli feky Moravy
vroce 1997 (Hubalek and Halouzka 1999). Flavivirus izolovany v Ceské republice
zkomara Culex pipiens vroce 1997 byl pojmenovan Rabensburg virus (RabV),

nicméneé vykazoval blizkou ptibuznost s virem West Nile (Bakonyi et al. 2005).

Pfenos patogenti mezi savéimi hostiteli je nejcastéji uskutecnén béhem sani
krevsajiccho hmyzu. Zejména hostitelské preference ¢i vyskyt komart a dalsich
prenasecii jsou kritické aspekty prenosu. Tyto vlastnosti ovliviiuji spektrum kontaktii
s hostitelem a nasledné i roli komari v prenosu. Zejména dva druhy komara byly
popsany jako prenase¢i WNV: Cx. modestus ve Francii (Mouchet et al. 1970) a Cx.
pipiens v Izraeli (Goldblum et al. 1954), Rumunsku (Savage et al. 1999), a Spojenych
statech (Bernard et al. 2000). Oba tyto druhy jsou siln€ ornitofilni a velmi dobfti
enzoonotic¢ni vektori. Culex modestus saje agresivné na ptacich a také na konich a
lidech (Balenghien et al. 2006), je tedy idealnim vektorem mezi ptacimi a sav¢imi
hostiteli. Culex pipiens je vice ornitofilni nez Cx. modestus, nicméné podle nékterych

autort bylo pozorovano sani i na savcich (Kilpatrick et al. 2005).

Ptaci trypanosomy jsou prenaseny Sirokym spektrem krevsajiciho hmyzu ze
skupin Simuliidae, Culicidae, Ceratopogonidae ¢i Hippoboscidae (Baker 1976, Linley
1985, Votypka and Svobodova 2004, Votypka et al. 2012, Zidkova et al. 2012). V
bezobratlém hostiteli se trypanosomy namnoZzi ve stfevé a prenos je dokoncen

pozfenim infikovaného vektora ¢i kontaminativné, vykaly obsahujicimi prvoky
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(Votypka a Svobodova 2004). Dals$i moznosti je predace mezi ptacimi hostiteli (Dirie
et al. 1990). Aktualni studie rozd€luje ptaci trypanosomy do jedenacti samostatnych
linii, pfi¢emz tfi z nich jsou v souladu s jiz dfive popsanymi zivotnimi cykly. Linie T.
corvi je poskladana z izolatti klosa, pévcel a dravel, do T. culicavium linie spadaji
izolaty z komart a hmyzozravych pévci a izolaty z muchnicek, pévet a draved formuji

T. cf. avium linii (Zidkova et al. 2012).

Nejen komari jsou dulezitymi vektory infekénich onemocnéni. V poslednich
letech se do popiredi zajmu dostavaji také tiplici rodu Culicoides, spolu s jimi
prenaSenymi viry Bluetongue (kataralni horecka ovci) a Schmallenberg. Prvni studie
kompletni fauny tipliki popisuje celkem 56 druhti pro uzemi byvalého
Ceskoslovenska (Orszagh and Chalupsky 1987a), posledni a nejaktualnéj§i seznam
rodu Culicoides ¢&itd 49 druh@ pro Cechy a Moravu a 55 druh@t pro Slovensko

(T6thova and Knoz 2009).
Cile prace

e Popsat druhy komart vyskytujici se na vybranych rybniénatych lokalitach
v Ceské republice

e Prostudovat hostitelské preference vybranych druht komara

e Detekovat prenaSené patogeny se zamérenim na West Nile virus a
trypanosomatida

e Popsat faunu tiplikti v okoli dobytka a oborové zvére v ramci programu na

sledovani vektort kataralni horecky ovcei

Material a metodika
Material a metodika jsou detailné popsany v jednotlivych publikacich, pouze stru¢né
hlavni pouzivané metody:
e odchyt hmyzu pomoci CDC pasti s riiznymi typy lakadel
e determinace hmyzu pomoci riznych determinacnich kli¢t
e izolace DNA a RNA, prepis do cDNA
e PCR, nested PCR detekce krve a patogenii

e barcoding
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Vysledky a diskuze

Fauna komarti Ceské republiky byla studovana na péti riiznych rybni¢natych
lokalitach vletech 2004-2007. Odchyty probihaly pomoci CDC pasti s CO-
atraktantem nebo s hostitelskym zvifetem. Celkem bylo pomoci CO. odchyceno
51,834 komart a pomoci hostitelského zvitete 27,411 komard, patticich do podrodii
Anopheles, Culiseta, Coquillettidia, Aedes a Culex. Dominantnimi druhy pro oba typy
lakadel byly Cx. modestus, Cx. pipiens a Ae. vexans. Co se ty¢e rodd, Culex spp.
predstavoval 86,4%, Aedes spp. 12,1%, Coquillettidia 0,9%, Anopheles 0,5%, a Culiseta
spp. 0,2% z celkové komari fauny. Mezi typy atraktant (CO- vs hostitelské zviie)
nebyl pozorovan zadny signifikantni rozdil v poétu odchycenych jedincii na past,
nicméné procentualni zastoupeni jednotlivych druhii se liSilo. Pasti se zviretem

nachytaly vice koméart druhu C. modestus, naopak pasti s CO. vice zastupct Cx.

pipens.

V ptedchozich studiich bylo na tizemi Ceské republiky zaznamenano 42 druhi
komart, 37 pro Cechy, 37 pro Moravu (Orszigh et al. 2006). Béhem nasich odchyti
jsme zaznamenali prinik a Sifeni teplomilnych druhii na nase Gzemi, naptiklad novy
druh Anopheles hyrcanus byl nalezen na jizni Morave, coz je zatim jeho nejsevernéjsi
evropsky nélez. Nas§ poznatek koresponduje s predchozim objevem tohoto druhu na
Slovensku (Halgos and Benkova 2004) a dokazuje $ifeni tohoto mediteranniho druhu
do mirného pasu stfedni Evropy, coz muze byt zplisobeno predpokladanym
globalnim oteplovanim. V poslednich tfech letech byl An. hyrcanus opakované
zaznamenan na nékolika lokalitach na jizni Moraveé, coZ naznacuje jeho schopnost
etablovat se na novych lokalitich a postupné se Sifit na dal$i Gzemi. Nékteré
z odchycenych druhii koméart byly u nas diive povaZovany spiSe za vzacné, jako
napriklad Culex modestus nebo Coquiletidia richiardii (Kramar 1958). Culex
modestus byl nalezen pouze na tiech lokalitach v Cech4ch a navic v nizkjch poétech
(Kramar 1958, Rettich et al. 1978). Nicméné béhem nasi studie se tento druh jevil

jako velmi hojny, zejména v rybnicnatych oblastech, kde je majoritnim druhem.

Abychom zhodnotili roli koméart rodu Culex v pienosu viru West Nile, zamérili jsme
se na odchyt nasatych samic vrybni¢natych oblastech Ceské republiky. Culex
modestus a Cx. pipiens byly nejpocetnéjsi druhy odchycené pomoci pasti se zvirecim
jako atraktantem. Ve Francii je popisovano sani Cx. modestus ptacich, konich a lidech

(Balenghien et al. 2006), coZ potvrzuje i nase studie, v niz Cx. modestus nepreferoval
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ani kralika (53 %) ani krepelku (47 %). Posun k ornitofilii je naopak popisovan u
ruské populace (Fyodorova et al. 2006) a podobné pozorovani je zaznamenano také
na jizni Moraveé, kdy Cx. modestus vyhledaval predev§im kurata a kachny, zatim co
krélici byli ignorovani (Minar 1969). Druhy studovany druh Cx. pipiens signifikantné
¢astéji naletoval do pasti s ptaéim hostitelem. Ve Svédsku byla diky pastem se
zvifecimi hostiteli prokazana ochota nordickych populaci k sani na ptacich (Jaenson
1990), zatim co v podobné studii v Izraeli Cx. pipiens preferoval spiSe savéi hostitele
(Braverman et al. 1991). Na severovychodé Italie preferovalo 77 % Cx. pipiens na
ptacich, nicméné jistd tendence k sani na savcich je zretelna (Rizzoli et al. 2015),
stejné tak ve Spanélsku (Mufioz et al. 2012). SmiSené hostitelské preference ceské
populace Cx. pipiens (Radrova et al. 2013) podporuji hypotézu severo-jizniho
gradientu, kdy striktné ornitofilni severské populace postupné prechazeji

v mamaliofilni populace na jihu Evropy.

Na zikladé analyzy mitochondridlni DNA z krve nasatych samic odchycenych
pomoci CO. pasti instalovanych zejména v rakosinach okolo rybniki, se jako hlavni
hostitel ukazala rtiznoroda skupina ptaki (94 %) nasledovana savci véetné lidi (4 %) a
obojzivelniky (2 %). Signifikantni rozdil byl zaznamenéan v zastoupeni ptacich rada
Anseriformes a Passeriformes u Cx. pipiens a Cx. modestus. Zatim co Cx. pipiens
preferoval pévce (napt. drozd, Spacek), Cx. modestus se zaméroval spiSe na vrubozobé
(kachna, husa). Rozdil je mozné vysvétlit vyskytem jednotlivych druhti v lehce
odliSnych biotopech. Culex modestus se vyskytuje hlavné vrakosi, kde jsou lehce
dostupni vrubozobi ptaci, zatim co pévci preferuji biotopy dale od rakosi, kde se vice
vyskytuje i Cx. pipiens. Tuto teorii podporuje nékolik dalSich studii (Magnarelli 1977,
Ngo and Kramer 2003, Apperson et al. 2004), v nichzZ jsou pévci popisovani jako
nejcastéjsi hostitelé Cx. pipiens. Oba tyto druhy saji s rtiznou ¢etnosti jak na ptacich,
tak na savcich, a zaroven byl u obou detekovan virus West Nile. Mohou byt tedy
povazovany za potencialni prenaSece onemocnéni z ptacich hostiteld na lidi, stejné

jako hlavni vektori v sylvatickém cyklu mezi ptaky (Platonov et al. 2008).

Virus zapadonilské horecky byl detekovan v deseti vzorcich koméart rodu
Culex. Ziskané izolaty (4 x Cx. modestus) z Cech naznaéuji rozifeni viru na nové
lokality a zaroven podporuji hypotézu, ze Cx. pipiens a Cx. modestus jsou hlavnimi
vektory viru West Nile v Ceské republice. Na zakladé sekvenéni analjzy se nase

izolaty radi do linie Rabensburg viru (RabV; subtype WNV; linie 3), drive izolovaného
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na jizni Moravé z Cx. pipiens v letech 1997, 1999 a 2006 z Ae. rossicus. (Hubalek et al.
1998, Hubalek et al. 2010). V roce 2013 byl z Cx. modestus nové izolovan také WNV
spadajici do linie 2 (Rudolf et al. 2014). Detekce WNV (subtyp RabV) v jiznich
Cechach a potvrzeni pritomnosti viru v Cx. pipiens na jizni Moravé spolu
s pozorovanymi hostitelskymi preferencemi potvrzuji roli obou druhti, Cx. pipiens a
Cx. modestus, v ptac¢im enzoonotickém cyklu viru West Nile a zaroven moznost jeho

pirenosu na savce v Ceské republice.

Béhem detekce trypanosomatid vkomarech odchycenych v rybni¢natych
oblastech Ceské republiky, bylo testovano celkem 129 vzorki (5,565 komari) druht
Culex pipiens a Cx. modestus. Celkem bylo pozitivnich 11 vzorki, z toho sedm bylo
potvrzeno jako Trypanosoma culicavium. Prevalence v komarech byla 0.3% pro C.
pipiens a 0.05% pro C. modestus. Pritomnost paraziti prokazana jak pitvami, tak
PCR detekei a sekvencni analyzou, ukazala, ze T. culicavium se vyskytuje v komarech
rodu Culex v riiznych biotopech (lesy, rybni¢naté oblasti) v Cechach a na Moravé a je
schopna infikovat minimalné dva druhy koméart. Molekuldrni detekce ptacich
trypanosom v komarech byla publikovana také v USA, kde byla pozitivita 0,2 % u
druhi Cx. pipiens a Cx. tarsalis (Van Dyken et al. 2006).

Odchyty hmyzu pomoci CDC pasti s UV svétlem v blizkosti dobytka a oborové
zvére poskytlo prvni srovnani fauny tipliki rodu Culicoides vyskytujicich se v téchto
dvou odliSnych habitatech. Z vice jak p@il milionu odchycenych jedinci na 41
odchytovych lokalitach bylo identifikovano 34 druht tiplikti rodu Culicoides. Fauna
tiplikd byla velmi dobie popsana Orszaghem (1980), ktery napocital celkem 63 druhi
tiplikli na tzemi byvalého Ceskoslovenska. Nasledovalo nékolik studii cilenjch na
diverzitu, biologii a vyskyt, ¢i popis novych druhti tipliki (Orszagh and Chalupsky
1987, Knoz and Vanhara 1991, Knoz 1997, 1998, Knoz et al. 2004, Téthova et al.
2004, 2005, Knoz and Téthova 2008), nicméné vétsina téchto studii byla zamérena
pouze na omezenou ¢ast tzemi. Nejnovéj$i seznam uvadi 49 druhd pro Cechy a 55
pro Slovensko (Téthova and Knoz 2009) a recentné bylo popsano pét novych druht
pro Slovensko (Sarvasova et al. 2014). Vysledky nasich odchyt uvadéji pro Ceskou
republiku tii nové druhy Culicoides clastrieri, C. odiatus, a C. saevus. Mnoho druht
bylo pro oba typy hostiteli shodnych, véetné C. obsoletus, prokazaného vektora
kataralni horecky ovei a viru Schmallenberg. Zretelny rozdil byl zaznamenan

v celkovém poctu odchycenych druhtt mezi dobytkem (26) a oborovou zvéri (16).
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Culicoides obsoletus komplex dominoval jak u dobytka (91 %) tak u oborové zvére (52
%). Béhem nékolika sezon byla sledovana sezonni dynamika nejhojnéjsiho druhu C.
obsoletus u dobytka i oborové zvére. BEhem sezony bylo pozorovano nékolik vrcholt
vyskytu C. obsoletus, coz odpovida multivoltinimu druhu s nékolika generacemi do
roka (Orszagh 1980, Meiswinkel et al. 2014). Prvni a obvykle nejvyssi vyskyt se
objevuje v poloviné kvétna svylétnutim prvni generace. Béhem zimnich mésici
nebyli tiplici nalézani, coz naznacuje alternativnhi mechanismus prezimovani viru.
Stejn4 tendence se objevuje i u oborové zvéte. Podobné se ve Svédsku objevuji prvni
tiplici béhem kvétna a cervna a posledni v srpnu a zari (Ander et al. 2012), naopak v
Belgii je beztiplikové obdobi limitovano pouze na leden (De Regge et al. 2015).
Sledovali jsme také dynamiku parnich (jiz satych) samic druhu C. obsoletus. Procento
parnich samic bylo po celou sezonu pomérné vysoké, mezi 30 a 40% v primeéru bylo
pozorovano jak u dobytka, tak u oborové zvére od jara do podzimu. Jelikoz je C.
obsoletus multivoltinni druh s vice generacemi do roka, pocet parnich samic klesal
s vymizenim staré generace a naopak stoupal po nasati generace nové. Pouze nékolik
studii je vénuje sezonni dynamice parnich samic. Stejné jako v nasi studii, ve Virginii
pocet parnich C. obsoletus fluktuuje béhem sezony (Zimmerman and Turner 1983).
Kalifornsky Culicoides vairiipennis vykazuje vyssi procento nulliparnich samic na

zacatku sezony a pozdéji se pohybuje okolo 50 % (Linhares and Anderson 1989).

Krevsajici Diptera jsou jednou z nejzajimavéjsich skupin hmyzu, jelikoz mimo
jiné slouzi jako prenase¢i mnoha onemocnéni. Existuje mnoho podminek pro
uskute¢néni prenosu patogenu, jako je jeho pritomnost na dané lokalité, kapacita a
kompetence vektora a dalsi prirodni podminky. V souladu s globalnimi zménami
klimatu se nové druhy nejen krevsajiciho hmyzu $ifi na nové lokality a spolu nimi i
nova onemocnéni. Kontinualnim sledovanim a testovanim krevsajiciho hmyzu je

mozné predpoveédeét riziko propuknuti epidemie, ¢i objasnit vztahy patogen-hostitel.
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