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Highlights

* We described host-seeking activity@bxystoma andC.imicola in Senegal
* We compared host preferences of théskcoides for horse and sheep

* We ed the nuisance associated widlsiohelaesp for animals

* Midges preferred horse compared to sheep and andymeepuscular

Abstract



African horse sickness- and bluetongue virus abéviouses transmitted b§ulicoides biting
midges (Diptera: Ceratopogonidae) to horses andit@nants respectively. Since the last
epizootic outbreak of African horse sickness in200Senegal, extensive investigations have
been undertaken to improve our knowledge Gaicoides speciesinvolved locally in the
transmission of the virus. The purpose of this gtugs to compare and quantify the host
preferences of potential vectors of these orbiesuen horse and sheep and to study their
circadian rhythm. We found th&ulicoides oxystoma and species of the sub-gemaritia
(C.imicola, C. bolitinos and C. pseudopallidipennis) had a preference for horse when
compared to sheep (the predicted ratio betweeretand sheep was 80 fGr oxystoma and

26 for C. imicola), and were mostly crepuscula€. oxystoma had continuous activity
throughout the diel with peaks in numbers colletdr sunrise and sunset, whiteimicola
was mostly nocturnal with peak after sunset. Unetquly, species of the subgenus
Lasiohelea was also collected during this study. This diurbiéing species was a nuisance
pest for both animal species used as bait.

Key words: Culicoides, Orbivirus transmission, host-feeding pattern,| diest-seeking
activity, Thies (Senegal)

I ntroduction

African horse sickness (AHS) and bluetongue (B endemic diseases in West Africa;
caused by OrbivirusefR¢oviridae) transmitted by small hematophagous insects ofjémais
Culicoides (Diptera: Ceratopogonidae). In southern Afri€licoides imicola Kieffer and
Culicoides bolitinos Meiswinkel are proven vectors of African horse siegs virus (AHSV)
(Venteret al., 1999; Ventert al., 2000; Meiswinkel & Paweska, 2003) and of bluetong
virus (BTV) (Rawlingset al., 1997; Venteret al., 2000; Mellor & Hamblin, 2004). Little is
known about the biology and ecology@ilicoides species in West Africa, in particular those
involved in the transmission of AHS and BT, whichpedes the development of efficient
vector control methods.

Culicoides oxystoma Kieffer was detected for the first time in SeneigaR011 (Bakhounet
al., 2013). This species is abundant in light-trapshim Niayes area(Diarret al., 2014), a
region particularly affected by the previous epitmmmutbreak of AHS in 2007; it is also

aggressive towards horses (Fatllal., 2015). Furthermore, these studies collected uflto



Culicoides species (this increased the number of descriBeldcoides species found in
Senegal from 34 to 53) and highlighted tRaticoides kingi Austen reaches abundances on
horse equivalent to those @&. imicola. It may be thatC. oxystoma and C. kingi also
contribute to the transmission of the AHSV in Sexlegnd more broadly in West Africa (Fall
et al., 2015).Culicoides oxystoma has been reported as a putative vector for BTNoirthern
India (Prasacet al., 1999), as involved in the transmission of bovarboviruses such as
Akabane virus in Japan (Kurogt al., 1987; Yanasest al., 2005) and is suspected of
transmitting the epizootic haemorrhagic diseasesv(EHDV) in Israel (Moragt al., 2012).
Culicoides kingi has been found in the field to be infected by EHD\Sudan (Melloet al.,
1984).

Outside of South Africa, little research has beendticted on the biology and ecology of the
African species of the gen@ulicoides. The only in-depth investigations were conducted i
Cameroon (Nicholas, 1953), Gabon (Auriault, 197 €ongo (Vattier-Bernaret al., 1986;
Itoua et al., 1987) and primarily related tGulicoides grahamii Austen This species is
anthropophilic and its peak feeding activity occatrsunrise and sunset, causing a nuisance to
humans in some areas and during abundance seadowsver, mostCulicoides species
studied in Central Africa are zoo-anthropophilictireir feeding behaviour, e.Gulicoides
kumbaensis Callot, Kremer, Mouchet and BacBulicoides fulvithorax Austen Culicoides
dubitatus Kremer, Rebholtz-Hirtzel and Delécolle afdlicoides trifasciellus Goetghebuer
(Itoua et al., 1987). Outside southern Africa, the only Africapecies of veterinary
significance studied so far a kingi in Sudan which displays two biting peaks: onerafte
sunrise and the other close to sunset (El Sinetaaly, 1985).

This illustrates how fragmentary current data alibatlife history and ecology @ulicoides
Is in Africa. The present study describes hostgyesfces, as key elements in the transmission
of arboviruses, o€Culicoides that are potential vectors of the AHSV and BTVSenegal by

comparing their attraction to horse and sheep aterohining their circadian rhythm.

M aterials and methods
1) Study Area

The study was conducted at the Thiés national garch between 29 August and
28 September, 2013 in the middle of the rain seaBls stud farm was located in a forested



area. This season was selected as optim&ubcoides abundance, and this site was selected
becauseC. imicola and C. oxystoma were both abundant (Diarmt al., 2014).The city of
Thies is in the Niayes area; it is characteriseddbgressions between dunes that flooded
during the rainy season. These depressions areetbtam Dakar in the south to the Senegal
River Delta in the north. This is an area where m@mctial garden crops and fruit are
intensively grown. Dairy and poultry farms are afsand there together with a number of
riding centres that accommodate purebred horsesfdaRaarely exceeds 500 mm/year with a
rainy season ranging from July to October. Oceamity is conducive to a high relative
moisture rate ranging from 90% to 15%, dependinghendistance from the sea and time of

year.
2) Host-baited trap collections

We compared two hosts on two sites using a Latirasgjdesign. One horse and two sheep
were used. No insecticide was applied on anima&s/édar before the start of the experiment.
The horse was across-bred English yearling weigbietgveen 110 and 120 kg. The sheep
were two ewes of a local breed weighing betweerarith 30 kg each. The baited traps used
were identical to that used by Fatlal. (2015).The animal-baited trap consists of a et b
(35 m x 25 m x 25 m, with mesh of 1.5 mm x O0.81)nwith an open space of 15 cm
fromthe ground allowingCulicoides to enter, to engorge or not on animal, and avgidire
escape of trapped midges. The traps were placedoaibcations separated by a distance of
150 m (without visual contact between them) to mise between-trap interactions. Other
horses were present in vicinity of the stud farmdasturage and a cattle herd was grazing at

a distance of more than 1,000 m.

Collections were conducted in three sessions. Queach session, midges were collected
every three hours over two periods of 24 hours dges trapped inside the tents were
collected for 10-15 min using an electric vacuumacdker.Each 24-h period was spread over
two consecutive days, stretching from midday (daytadl midday (day 2). The two 24-h
periods were separated by a 3-h interval to allber switch of animals between the two

locations. Thus, horse and sheep were exposedgdzdin 2 x 3 = 144 hours each.

3) Culicoidesidentification



The insects collected were killed by low tempematiand identified. Morphological
identification of Culicoides species relied on an examination of wing patteunger a
stereomicroscope(Zeiss, Stemi DV4) using the mdgghical keys for the Afrotropical region
(Boorman & Dipeolu, 1979; Boorman, 1989; Meiswink&d89; Glick, 1990; Meiswinkel,
1991; Cornet & Brunhes, 1994). When needed, spesmere dissected and slide-mounted
in accordance with the Wirth and Marston (1968hiegue. Culicoides were counted by
species and sex, and females were categorized liparaus or parous (Dyce, 1969),
engorged or unengorged, and gravid or not. Theisees were placed in Eppendorf tubes

and stored in 90% alcohol.
4) Statistical analysis

Abundances on respective hosts were compared hyiespasing the raw data and data
adjusted for host weight. Engorgement rates wemapoated by dividing the number of
engorged females by the total number of femaldsaeld.

Unadjusted abundance @ulicoides species was modelled using a Poisson mixed-effect
model fitted with a method providing an adaptiveu€aHermite approximation to the
maximized log-likelihood. We used the trapping dayto 6) as a random effect, and the
location and the host (horse, sheep) as fixed tsff&election of effects in the abundance
model was based on a likelihood ratio test, thdidence intervals for parameters in the fitted
model, and the Akaike information criterion (AlC)he procedure proposed by Nakagawa

and Schielzeth (2013) was used as an overalldegiobdness of fit.
All data analyses were performed using R statispiaakages(R_Core_Team, 2014).

Results
Collections were carried out during the rainfaldasen. Weather was cloudy during the two

first collection sessions and sunny during the $&stsion. Temperatures varied from 23.2 to
32.8°C the first collection session, from 26.4 tb8C the second session, and from 25.2 to
33.6°C the third session and humidity varied frofl5to 90.6%, from 49.3 to 84.6% and
from 47.0 to 85.6% for the three sessions. Intssie®m amplitudes of both temperature and
humidity were higher (about 9°C and 37%) than sigsion amplitudes (1-3°C and 1-9%).

Host preference

A total of 1,259Culicoides specimens were collected, of which 54 were matetotal, 1,215

Culicoides were collected in the horse-baited trap, i.e. %@ overall collections, vs. 44 in



the sheep-baited trap, i.e. 3.5% (Table 1). Wetifleth 11 different species, all of which
were found in the horse-baited trap, while only 8ravfound in the sheep-baited trap.
Culicoides oxystoma, the only representative species of the Schulfmmip, was predominant
in the collections, with 928 specimens (73.7%). Tedium-abundance species belonged to
the Imicola group, namelZ. imicola with 214 specimens (16.9%;. bolitinos with 55
specimens (4.3%) an@ulicoides pseudopallidipennis Clastrier with 34 specimens (2.7%).
Taken together, these 4 species accounted for 9@f8tte Culicoides collected (Table 1).
The engorgement rate for these species ranged4tota 50% on the horse and was 20% on
sheep forC. oxystoma (Table 1). The other speciesC-trifasciellus, Culicoides translucens
Khamala and KettleCulicoides nivosus De Meillon, Culicoides nigripennis Carter, Ingram
and Macfie andCulicoides moreli Clastrier were uncommon. Finall¢ulicoides accraensis
Carter, Ingram and Macfieart€llicoides leucostictus Kieffer were not attracted by the horse
and sheep baits and their collection was incidesitade only gravid females or males were
identified. TheCulicoides population was relatively young with a nulliparaase of 70%.

Overall,Culicoides numbers were fairly balanced between sites (598nm site and 600 in
the other). The number of females caught variedifssgntly between trapping sessions. Both
the raw and the host weight-adjusted figures wivays much greater for the horse than for
the sheep-baited trap f&. oxystoma, C. imicola, C. bolitinos and C. pseudopallidipennis
(Figure 1); from 96 to 98% of females were colldaba this host (Table 1).

To predict the abundance Gf oxystoma females, we selected the full model with the and
the host as the fixed effects, and the trapping alayhe random effect. The conditioi&l
(percentage of variance explained by both fixed mmtlom effects) was very high (99.6%),
whereas the margindR? (percentage of variance explained by fixed e$featias high
(marginalR? = 64.6%), and mainly (96.0%) explained by thetledfect. For the fixed effects,
the model predicted a ratio of 80 between fematdlected on the horse and those collected
on the sheep (the horse weighing twice as muchegwes) and a ratio of 2.5 between the
two sites. To predict the abundance@fimicola females, we selected the full model. The
conditional R? was very high (97.0), whereas thegmnal R? was high (63.8), and mainly
(94.2%) explained by the host effect. For the fixediéect, this model predicted a ratio of 26
between females collected on the horse and thdtecteal on the sheep and a ratio of 2.2

between the two sites.
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Figure 1. Raw abundance and host weight-adjusted abundéritgiooides oxystoma,
Culicoidesimicola, Culicoides bolitinos, andCulicoides pseudopallidipennis females

collected on each host. Both plots look quite saméls weight-correction (which is limited as
two sheep were used against one horse) was aplidte numbers dEulicoides collected

on sheep, which were always low.

Table 1. Number ofCulicoides collected during the 6 trapping days on horsesisekp baits

P . Total Horse-baited trap Sheep-bai
Culicoides species Rank __ (C%) F P M F_biF (bfR) N P G M F bf
C. oxystoma 1 73.7 881 35.8 47 867 381 43.9 308 176 2 36 14 :
C. imicola 2 90.7 212 12.8 2 206 99 48.0 91 14 2 1 6
C. bolitinos 3 95.1 55 16.1 0 53 22 41.5 26 4 1 0 2
C. pseudopallidipennis 4 97.8 33 5.6 1 32 14 43.8 17 1 0 0 1
C. trifasciellus 5 98.7 11 - 0 11 3 - 6 2 1 0 0
C. translucens 6 99.1 4 - 1 1 0 0 0 1 1 3
C. nivosus 7 99.4 3 - 1 0 0 0 0 0 1 3 |
C. nigripennis 8 99.7 3 - 1 2 0 0 2 0 1 1 1
C. accraensis 9 99.9 2 - 0 1 0 0 0 1 0 1 |
C. moreli 10 100.0 0 - 1 1 0 0 1 0 0 0
C. leucostictus 11 100.0 1 - 0 0 0 - 0 0 0 1 0

TOTAL 1,205 30.4 54 1,174 519 44.2 448 200 7 41 31

(C%): cumulative percentages of abundance; F: number of females; (P): parous rate; M: number of males; bfF: number of
engorged females; (bfR): engorgement percentage; N: number of nulliparous females; P: number of parous females; G: number

of gravid females.

Circadian rhythms

Figure 2 shows the overall abundance @f oxystoma, C. imicola, C. bolitinos, and

C. pseudopallidipennis females over the diel regardless of host. For egpeties, observed

abundances in each trapping session were correfatedulliparous, parous, gravid and



engorged females, thus suggesting that there wasthaty difference related to time of day
associated with differences in the physiologicalust of femalesCulicoides oxystoma was
collected at all times, with activity peaks immedlg after sunrise, and immediately after
sunsetCulicoides imicola was nocturnal and its activity peaked just aftersgt. The activity

of C. bolitinos and C. pseudopallidipennis peaked just after sunset and sunrise but the low
numbers collected renders it difficult to validétes result.
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Figure 2: Circadian activity of femal€ulicoides oxystoma, C. imicola, C. bolitinos, and
C. pseudopallidipennis, collected in host-baited traps regardless ohtvst. The black, broken
line represents the average of observations. Theakgrey lines illustrate the time of
sunrise and sunset.

Additionally, we identified another Ceratopogonidgecies of th&orcipomyia genus and of

the Lasiohelae sub-genus that was remarkably aggressive towam$idsts, particularly the



horse. No male was collected and we were unabldetatify the specimens to the species
level. A total of 735 specimens were collected, @&f4which were found on the horse

(87.6%), with an engorgement rate of 80.2%, as @vatpwith 91 specimens collected on the
sheep (12.4%), with an engorgement rate of 70.3is Jpecies of theasiohelea subgenus

was markedly diurnal and its peak of activity is fire-sunset period (Figure 3).
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Figure3: Circadian activity of females belonging to the uokm of the Lasiohelea
subgenus, i.e. overall number of females collectezhch catch regardless of host. The black,
broken line represents the mean of the observatitms vertical grey lines illustrate time of
sunrise and sunset.

Discussion

The predominance @. oxystoma andC. imicola in UV-light traps and horse-baited traps has
previously been reported in the region (Diaetaal., 2014; Fallet al., 2015).This study
showed a host preference @foxystoma and Culicoides species from thévaritia sub-genus

for horse as compared to sheep. Similar host meder for horse was found by Vienrebt



al.(2012) for Culicoides species of veterinary significance using hostduhitraps in the
Palearctic region. The authors did not howeverrghe conclusion that horse were more
attractive than other hosts, or that there was ralinear relationship between weight and
attractiveness (the horse being by far the larigest). In our study, the limited difference in
weight between the horse and the sheep suggesaédhib difference in abundance was
connected with greater attractiveness of horsetlfer4 most abundar@ulicoides species

collected.

The number of midges collected varied between dBlys.numbers collected in baited traps
depended not only on factors inherent to the hastatso on weather conditions. Indeed,
Cornet (1969) and Walker (1977) reported that as s night temperatures were somewhat
higher in the Afro-tropical region, the number pesimens collected by light trap increased.
Moreover, it is classically reported that catchedight trap or on human bait were generally
higher on moonless nights in Sub-Saharan Africar{€p 1969; Auriault, 1979; Itouet al.,
1987) and in other regions (Mellat al., 2000). Host attractiveness to haematophagous
insects can be dependent on the size of the hedbody temperature, the carbon dioxide
(CO2) its other specific odours or its colour, ahas been highlighted by many studies
conducted on mosquitoes (Daival., 1957; Edmart al., 1974; Lardewset al., 2007; Takken

& Verhulst, 2013). Wind can also disrupt the oddlows emanating from the host or
interfere with insect activity: Almost all activitywas suppressed at wind speeds greater than
three m/s forC. imicola in Kenya (Walker, 1977). Host colour does notnsde have any
influence on engorgement rate dfulicoides sanguisuga Coquillett and Culicoides
guttipennis Coquillett (Humphreys & Turner, 1973). Carbon ddex attracted specimens of
the Variipennis complex in northern America (Nels@865; Mullens, 1995) an@ulicoides
impunctatus Goetghebuer in Scotland (Bhaset al., 2001). Also, greater host size,
corresponding to higher quantity of carbon dioxideeased by the host, resulted in greater
host attractiveness faCulicoides to hosts (Humphreys & Turner, 1973; Tanner & Turne
1974; Raiclet al., 1997).

The predominance df. oxystoma in the horse-baited trap in the Niayes region wmakne
with observations made by Fait al.(2015) using the same trap. InterestingDylicoides
subschultzel Cornet and Brunhes was consistently collected ny geall numbers in studies
on Culicoides associated with livestock collected by light tiapsouthern Africa (Venteet

al., 1996; Mushiet al., 1998) and in western Africa (our study) wherdais species was
previously considered using light traps as hightyradant in the south and eastern Africa



region (Cornet & Brunhes, 1994). This reputationswaowever based on taxonomic
investigations in forested areas, which might explhis apparent mismatch. Scheffer
al.(2012) showed there were 1 subschultzei among the insects collected on horses by
direct suction in South AfricaCulicoides oxystoma is regarded as abundant in light trap
collections in the vicinity of livestock in areatere it is present (Oert al., 2013; Satheesha
et al., 2014). Following the detection @f oxystoma in the Afro-tropical region (Bakhourmt

al., 2013) and due to the taxonomic imbroglio pertagnio the Schultzei group (Cornet &
Brunhes, 1994), the status of the species in tloigpyneeds to be clarified. Further research is
needed on host preferences in different ecosystmdifferent seasons, including in other

African countries, to supplement the observatioaslenn this study.

The night-time host seeking activity & imicola recorded in our study matched previous
findings (Barnard, 1997; Meiswinket al., 2000). As this species is exophilic, enter horses
into closed holdings during the night might protdoeém fromC. imicola bites and then
against AHSV transmissionCulicoides bolitinos and C. pseudopallidipennis are also
nocturnal.AlthoughC. bolitinos does not seem to use horse manure as a larvalogeng
site, it is considered as a vector of AHSV. Thespree of cattle near horses may increase the

numbers ofC. bolitinos, and the risk of AHSV being transmitted, in a giea.

Culicoides trifasciellus was only collected in the horse-baited trap. Du¢he low numbers
collected, no firm conclusions can be drawn asstéeleding patterns. However, this species is
undoubtedly zoo-anthropophilic (Itowsh al., 1987). Its taxonomic status is uncertain as for
other species such &5 brosseti andC. dubitatus, the male specimens @& dubitatus being
highly characteristic (Kremeet al., 1975). Added to this, no taxonomic keys based on
morphological characters are available for theseisg. It should also be noted that only one
C. nivosus specimen — a male — was found on the horse wh8réamales, 2 of which were
engorged, were found on sheep. During a previaudygperformed with a horse-baited trap
(Fall et al., 2015), no engorged female of this species wasdaespite a high abundance in
light-trap collections in the area (Diamgal., 2014).

We observed females belonging to thesiohelea subgenus to cause major nuisance to the
horse and sheep, in particular during the day piitisunset peak of activity. No information
Is available regarding the role of species of tibgenus in virus transmission. In Australia,
an undescribed species of day-feeding midge betgngp this subgenus was recently

identified as possible vector dkishmania enrietti complex to the red kangaroMécropus



rufus) (Dougall et al., 2011). Further research is needed to identifg gpecies and its
potential role in Orbivirus transmission. Howevdye to the pattern of AHSV and BTV
outbreaks observed worldwide, it was always acckftat night active insects will play a

more important role in Orbivirus transmission.

Conclusion

The eco-epidemiological features Gllicoides midges populations in the Niayes area of
Senegal differs from southern Africa, with the prednance ofC. oxystoma (vs. C. imicola),

the attractiveness of horses to this species,omsgirtuous activity (mostly crepuscular), and
the lack of information regarding its vector congrete for Orbiviruses, notably for the
AHSV. Knowledge is too scarce to allow the develepinof operational methods for
controlling populations of these midges in thedi¢Carpentert al., 2008). In particular,
further research on the larval ecology and reskiagaviour of this species would provide
relevant information for developing more efficiea@ntrol methods. Moreover, similar work
should be done in other ecosystems in Senegal witkezCulicoides species - particularly

those of thévaritia sub-genus, are more abundant.
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