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Vektorkompetenz von Culicoides
Gnitzen aus der Schweiz fur das Virus
der Afrikanischen Pferdepest und

das Virus der Epizootischen Hamorr-
hagischen Krankheit

Die Gnitzen der Gattung Culicoides traten in Europa
unerwartet als hocheffiziente Ubertriger des Blauzun-
genkrankheitsvirus auf in der Epidemie, die 2006 in den
Niederlanden begann. Sie sind auch Ubertriger anderer
Orbiviren, wie z.B. der Erreger der Afrikanischen Pfer-
depest (AHSV) und der Epizootischen Himorrhagi-
schen Krankheit (EHDV), die in Europa nicht ende-
misch sind. Wir untersuchten, ob Culicoides, die in der
Schweiz in zwei Hohenlagen vorkommen (Schweizer
Mittelland, 650m . M.; Voralpen, 2130m @.M.), als
Vektoren fiir AHSV und EHDV (jeweils zwei Stimme)
fungieren konnen.

Die Gnitzen wurden auf landwirtschaftlichen Betrieben
gesammelt, im Labor durch eine kiinstliche Membran
mit virusversetztem Blutmahl gefiittert und acht Tage
lang bei zwei Temperaturregimes (22 £ 6 °C oder 26 *
6 °C) inkubiert, welche einen Sommertag oder eine Hit-
zeperiode im Schweizer Mittelland widerspiegeln. Die
Vektorkompetenz wurde durch RT-qPCR und Virusiso-
lierung aus homogenisierten Gnitzen-Kopfen bestimmt.
Insgesamt wurden iiber 15,000 Gnitzen einem der vier
Viren ausgesetzt.

Bei 14 Individuen (6 C. obsoletus, 8 C. scoticus, identifi-
ziert durch MALDI-TOF-Massenspektrometrie), die alle
aus dem Schweizer Mittelland stammten, wurden fiir
alle vier Virusstimme vollstindig disseminierte Infek-
tionen festgestellt durch RT-qPCR. Lebensfihige Viren
konnten aus 8 dieser Insekten isoliert werden. Die Dis-
seminationsraten reichten von 1-5%. Bei den Gnitzen
aus der hoheren Lage, die iberwiegend zur Art C. grise-
scens gehoren und nur mit dem hohen Temperaturregi-
me untersucht wurden, wurde keine Virusinfektion

Summary

Culicoides biting midges unexpectedly arose in Europe
as highly efficient vectors of bluetongue virus in the
epidemics that started in the Netherlands in 2006. They
are known vectors of other orbiviruses, such as African
horse sickness (AHSV) and epizootic haemorrhagic dis-
ease viruses (EHDV), which are not endemic to Europe.
We investigated whether Culicoides occurring in Swit-
zerland at two altitudes (Swiss Plateau, 650 meters above
sea level [masl]; and pre-alpine, 2,130 masl) can act as
vectors for AHSV and EHDV (two strains each).

Biting midges were collected from farms, allowed to feed
on virus-spiked blood meals through an artificial mem-
brane in the laboratory and incubated for eight days
under two temperature regimes (22 = 6 °C or 26 + 6 °C)
reflecting a summer day or a hot spell on the Swiss Pla-
teau. Vector competence was assessed from head ho-
mogenates by RT-qPCR and virus isolation. Overall,
over 15,000 biting midges were exposed to any one of
the four viruses.

Fully disseminated infections were identified for all four
virus strains in 14 individuals (6 C. obsoletus, 8 C. scoticus,
as identified by MALDI-TOF mass spectrometry), all
originating from the Swiss Plateau, by RT-qPCR. Viable
virus could be isolated from 8 of these specimens. Dis-
semination rates ranged from 1-5%. No viral dissemi-
nation was observed in biting midges from the high
altitude, predominantly belonging to the species C.
grisescens, which were only investigated at the high tem-
perature regime. However, a multivariable logistic re-
gression model revealed no statistical difference in the
dissemination rates based on the origin of midges (alti-
tude), virus strain or temperature regime.

Thus, AHDV and EHDV transmission is feasible on the

Swiss Plateau but unlikely in the pre-alpine area by con-
sidering vector abundance. Ways of potential virus in-
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festgestellt. Ein multivariables logistisches Regressions-
modell ergab jedoch keinen statistischen Unterschied
in den Infektionsraten in Abhingigkeit von der Her-
kunft der Gnitzen (Hohe), dem Virusstamm oder dem
Temperaturregime.

Somit ist eine Ubertragung von AHDV und EHDV im
Schweizer Mittelland moglich, im Voralpengebiet je-
doch unwahrscheinlich, wenn man die Haufigkeit der
Vektoren mitberiicksichtigt. Mogliche Wege der Virus-
einschleppung sind illegale Tierverbringungen, aber
auch die Windverbreitung infektioser Culicoides iber
weite Distanzen.

Schliasselworter: Rinder, Hirsche, Pferde, Orbivirus-
Einschleppung, Voralpengebiet, Schweizer Mittelland
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troduction include illegal animal movement but also
long-distance wind-dispersal of infectious Culicoides.

Keywords: Cattle, cervids, horses, orbivirus introduction,
pre-alpine area, Swiss plateau

Introduction

Biting midges of the genus Culicoides (Diptera, Ceratopo-
gonidae) are small, blood-feeding insects. They play a
very important role in the development of equine insect
bite hypersensitivity in Europe, against which prophylac-
tic and therapeutic vaccines have recently been devel-
oped.’6 In 2006, biting midges were identified in northern
Europe as vectors of bluetongue virus (BTV) which un-
expectedly spread very rapidly for the first time across
most of north-western Europe, causing enormous dam-
ages to the livestock industry.6 Mass vaccination pro-
grammes eliminated the virus® but it has re-emerged in
recent years (for the updated situation in Europe, see OIE
webpage). Biting midges are also vectors of other patho-
gens that cause diseases of veterinary importance, includ-
ing African horse sickness virus (AHSV)?, epizootic
haemorrhagic disease virus (EHDV)?® and Schmallenberg
virus (SBV)37. AHSV and EHDV (genus Orbivirus, fam-
ily Reoviridae) are closely related to BTV, with nine
(AHSV)? respectively seven (EHDV)2?® serotypes. The
pathogenesis of both AHSV and EHDV is similar to BTV,
L.e. initial virus replication in the lymph nodes draining
the site of infection, then dissemination to secondary sites
such as lung and spleen where replication occurs in en-
dothelial cells and mononuclear phagocytes.3:1?

Four different clinical forms of African horse sickness
can be differentiated: pulmonary, cardiac, mixed and
mild horse sickness fever. Clinical signs include fever,
respiratory distress, dyspnoea and sudden death, with
mortality rates of up to 90% in naive horse populations.?
Most wild and domestic ruminants are susceptible hosts
of EHDV. In few species, e.g. white-tailed deer (Odocoile-
us virginianus) in North America, the virus causes severe
disease, including excessive bleeding with disseminated
intravasal coagulation as well as oedema and haemor-
rhages in multiple organs.2? European wild cervids are
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less susceptible to EHDV, which rarely causes clinical
disease in livestock species, apparently only in cattle.l!
Along with clinical signs, abortion and infertility and a
severe reduction in milk production has been observed
during outbreaks of EHDV, resulting in significant eco-
nomic losses.2?

Endemic transmission of AHSV occurs in sub-Saharan
Africa. However, since the 1950s several outbreaks have
been reported.® Between 1987 and 1991 an outbreak of
AHSV-4 occurred on the Iberian Peninsula, originating
from zebras imported from Namibia, causing the deaths
of 3,000 equids. The virus was able to persist for three
years until vaccination and slaughter policies halted the
spread.? EHDV is endemic in regions of Africa, Asia,
Australia and North America. Europe is presently free
of EHDV. However, since 2006, serotypes 6 and 7
caused several outbreaks in regions close to or bordering
Europe, specifically Turkey, Israel and North Africa.?

The principal vector of AHSV is Culicoides imicola,
which occurs in Africa, Southeast Asia and Southern
Europe along the Mediterranean basin.® During the
previous AHSV outbreak on the Iberian Peninsula, the
virus was isolated from pools of insects that did not
contain C. imicola, but several other Culicoides species
(including C. obsoletus, C. pulicaris).20 These Culicoides
species are widely distributed and abundant across cen-
tral and northern Europe. Several Culicoides species have
been incriminated as vectors of EHDV in endemic are-
as, including C. imicola.?? However, experimental work
orininating form Italy suggests that field-collected C.
obsoletus and C. scoticus are susceptible to EHDV infec-
tion.13 Thus, concerning vectors, parallels can be drawn
to BTV, which is predominantly transmitted by C. imi-
cola in Africa. This virus was efficiently transmitted by
other vectors in Europe, such as the native and highly
abundant Culicoides species that belong to the same sub-
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genus Avaritia (C. obsoletus, C. scoticus, C. dewulfi, C. chi-
opterus) or to another subgenus (Culicoides; C. pulicaris).

There are concerns about the introduction and establish-
ment of AHSV and EHDV into Europe because of a sim-
ilar epidemiology of transmission compared to BTV and
the presence of potentially competent indigenous vector
species.2’40 In the present study, we investigated whether
Culicoides, occurring in Switzerland at two different alti-
tudes (Swiss Plateau, 650 meters above sea level [masl];
pre-alpine, 2,130 masl), can act as vectors for AHSV and
EHDV. Investigations were carried out under laboratory
conditions, using two temperature regimes that reflect a
summer day or a hot spell on the Swiss Plateau.

Material and Methods

Culicoides collection

Culicoides were collected from a horse farm on the Swiss
Plateau (650 masl; Zurich area; 47°22°31”N, 8°34°56”E;
Koeppen-Geiger climate classification Cfb, www.koep-
pen-geiger.vu-wien.ac.at.) and from a farm in the pre-al-
pine region (2130 masl; Juf; 46°26°41”N, 9°34°51”E;
housing cattle, sheep and chicken; classification Dfb).
Insects were caught alive in cages (17,5%17,5%17,5 cm;
BugDorm 42222F; MegaView Science, Taiwan) using
Onderstepoort UV light traps, as previously described.18
Traps were placed on the outside walls of barn buildings
1,5-2m above ground, and an additional trap was op-
erated inside the hen house at the pre-alpine site. Cages
were transferred to incubators (Panasonic MIR-154, Ja-
pan) with fluctuating temperature regimes of either 22
1 6 °C (low fluctuating temperature regime, LFT) or 26
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Figure 1: Fluctuating temperature regimes (high, HFT; low, LFT) and relative humidity
(RH) during incubation of virus exposed Culicoides.

62

SAT|ASMV 1]2022

1 6 °C (high fluctuating temperature regime, HFT) and
relative humidity (RH) of 50-859% (Figure 1). Cotton
wool pads soaked with 10% sucrose solution were sup-
plied in the cages and renewed daily.

Virus

The virus strains were AHSV-4 (MB3 BHK3 03/11/87),
AHSV-9 (MB3 BHK®6 11/10/90), EHDV-6 (TUR2007/01
KC1), EHDV-7 (ISR2006/07 E1/KC2). Viruses were
propagated in Vero cells as described earlier?* but in
smaller cell culture flasks (75 cm?) and through the ad-
dition of 100 pl of virus stock and 20ml of Glasgow
Minimum Essential Media (GMEM, Gibco, Thermo
Fisher Scientific, Reinach, Switzerland) with 1% antibi-
otics and fungizone (1000 IU/ml penicillin/streptomy-
cin; 4 pg/ml amphotericin; Gibco) (GMEM complete)
and 2 % foetal calf serum (FCS, Bioconcept, Allschwil,
Switzerland).

Viruses were quantified by titration of ten-fold serial
dilutions on Vero cells in a 96-well plate, and the tissue
culture infectious dose (TCIDso/ml) was transformed
into PFU/ml. Reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) was performed on the
viruses, and standard curves were generated by convert-
ing cycle quantification (Cq) values into PFU/ml. Stand-
ard curves showed the following R2 correlation coeffi-
cients: AHSV-4:0,991; AHSV-9:0,996; EHDV-6:0,991;
EHDV-7: 0,999. The final inocula of AHSV-4, AHSV-9
and EHDV-7 were obtained after two passages, the one
for EHDV-6 after three passages. The respective titres
were 6,75, 7,0, 7,25 and 6,25 1logioTCIDso/ml. The titres
of the blood meals (see below) were 6,0 (AHSV-4,
AHSV-9, EHDV-6) or 6,25 (EHDV-7) logioTCIDso/ml.
Dilution ratios of virus supernatant and blood were 1:2
(EHDV-6), 1:5 (AHSV-4) or 1:10 (AHSV-9; EHDV-7).

Vector competence

On day four (d4) post collection, Culicoides were starved
for 24 hrs, and live insects were collected at d5 using a
mouth aspirator and placed in a paper cup covered with
a net. Culicoides were anaesthetized for 1 min at -20 °C,
then transferred to a feeding chamber covered with Ne-
scofilm50 MMx 40M (Alfresa Pharma Corporation,
Japan), where they fed on virus-spiked blood for 45-60
min.2* Fully engorged females were incubated for
eight days under either of the two aforementioned fluc-
tuating temperature regimes. All Culicoides that survived
the incubation period were stored individually in 1,5 ml
Eppendorf tubes at -80 °C. One blood-fed female (d0,
immediately after blood feeding) and one aliquot of the
virus-spiked blood were collected for each feeding and
stored at -80 °C.

Culicoides were dissected, and the heads were manually
homogenised in 100 pl GMEM complete with 2% FCS
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and supplemented to 1 ml as described.?* Aliquots (140
pl) were processed immediately for viral RNA extrac-
tion, and the rest of the homogenates were stored at
-80 °C. All feeding, incubation, dissection and homog-
enisation of infected Culicoides were performed in a
laboratory of biosafety level 3 (BSL3).

Virus detection, quantification and isolation
Nucleic acid extractions were carried out using a QlAamp
viral RNA mini kit (Qiagen, Hilden, Germany) following

Originalarbeiten | Original contributions

the manufacturer’s instructions. RNA was isolated from the
individual head homogenates as described?* and amplified
by RT-gPCR in a CFX96 Touch real-time system (Bio-Rad
Laboratories, Cressier, Switzerland). PCRs were done in
25 pl reaction mixes (iTaq Universal probes one-step kit,
Bio-Rad Laboratories, Hercules, CA, USA) containing 0,6 pl
of iScript advanced reverse transcriptase. Oligonucleotide
sequences were kindly provided by the Institute of Virology
and Immunology (Mittelhdusern, Switzerland) and were
used at 20 pM (primers) or 5 pM (probes): AHS_VP7_4_F

Table 1: Culicoides populations from different areas screened for virus presence in the head (dissemination) after exposure

to blood spiked with virus (AHSV-4, AHSV-9, EHDV-6, EHDV-7)2

No. Culicoides blood-
fed/survived incubation
period/positive for virusd
(dissemination rate in %;

95% ClI)

Origin of

i C
Culicoides 2

RT-qPCR
positive
species®

Cq valuesd;
(virus isolation;
passage)f

RT-qPCR
negative
species®

AHSV-4 HFT 529/81/4 (5; 1,4-12,2 %)

1 C. obsoletus 31,6 (V3) 40 C. obsoletus

9 C. scoticus
5 C. segnis
23 unknown

32,6 (no),
33,4 (no),
33,8 (V2)

3 C. scoticus

AHSV-4 LFT 292/100/1 (1; 0-5,5 %)

73 C. obsoletus
18 C. scoticus
8 unknown

1 C. obsoletus 32,9 (no)

AHSV-9 HFT 520/105/1 (1; 0-5,2%)

63 C. obsoletus
22 C. scoticus
19 unknown

1 C. obsoletus 29,2 (V3)

AHSV-9 LFT 276/111/0 (0; 0-3,3%)

48 C. obsoletus
24 C. scoticus

2 C. chiopterus
37 unknown

none

Swiss Plateau

(650 masl)® EHDV-6 HFT

379/82/1 (1; 0-6,6 %)

20 C. obsoletus
36 C. scoticus
25 unknown

1 C. scoticus 29,4 (V3)

EHDV-6 LFT 348/107/2 (2; 0,2-6,6 %)

84 C. obsoletus
5 C. scoticus
1 C. dewulfi

1 C. chiopterus
14 unknown

29,0 (V3),

2 C. scoticus 29,7 (V3)

EHDV-7 HFT 1361/179/5 (3; 0,9-6,4 %)

32,7 (V3),
32,8 (V3),
33,0 (no)

3 C. obsoletus 134 C. obsoletus

26 C. scoticus

36,2 (no), 13 unknown

2 C. scoticus 36,7 (no)

EHDV-7 LFT 268/89/0 (0; 0-4,1%)

47 C. obsoletus
12 C. scoticus
1 C. lupicaris
29 unknown

none

AHSV-4 HFT 305/51/0 (0; 0-7 %)

8 C. grisescens |
24 C. grisescens Il
19 unknown

none

Pre-alpine
(2130 masl)

EHDV-7 HFT 340/101/0 (0; 0-3,6 %)

27 C. grisescens |
32 C. grisescens Il
1 C. scoticus
41 unknown

none

aTitres (log10TCID50/ml) of the blood meals were 6,0 (AHSV-4, AHSV-9, EHDV-6) or 6,25 (EHDV-7). Ratios of virus cell culture
supernatant and blood were 1:2 (EHDV-6), 1:5 (AHSV-4), 1:10 (AHSV-9, EHDV-7).

bmasl: meters above sea level

cTemperature regime: HFT, high fluctuating temperature regime (22 + 6 °C); LFT, low fluctuating temperature regime (26 + 6 °C).
dCq values below the determined cut-off (AHSV-4, AHSV-9, EHDV-6 < 34, EHDV-7 <37)
eSpecies identified by MALDI-TOF MS analyses or by PCR/sequencing (only RT-qPCR positive specimens)

fVirus isolation on Vero cells
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(5-ATG-AAT-GGT-GTT-GTY-GCG-CC-3’), AHS_VP7_
4 R (5-CTA-ATG-AAA-GCG-GTG-ACC-GT-3’) and
probe AHS_Aguero_P (5-FAM-GCT-AGC-AGC-CTA-
CCA-CTA-3>MGB) as well as EHD_NSI1_F (5-ACW-
GGV-ATC-ATG-TTT-GAG-CT-3’), EHD_NS1_R(5-TTC-
ATA-ACY-GCR-CCT-TCA-TC-3’) and probe EHD_NSI1_
P1 (5-FAM-TCA-TCA-CAC-ATC-GGC-3-BHQI) (suppli-
er Microsynth, Balgach, Switzerland).

The reactions were run with 5 pl (AHSV) or 2 pl RNA
solution (EHDV). As positive and negative controls,
RNA extracted from AHSV/EHDV virus stocks and
RNase-free H2O were used, respectively. The reactions
were run with the following cycle conditions: reverse
transcription (10 min at 50 °C), reverse transcriptase
inactivation and Taq polymerase activation (3 min at
95 °C), followed by 45 (AHSV) or 50 (EHDV) cycles of
15 s at 95 °C, 30 s at 57 °C (AHSV) or 56°C (EHDV),
30sat72°C.

All Culicoides heads positive for viral RNA were also test-
ed for the presence of infectious virus particles by isola-
tion on Vero cells using 6-well plates. Head homogenate
(400 pl) was inoculated onto each well layered with ap-
proximately 70% confluent Vero cells, followed by incu-
bation at room temperature for 30 min. GMEM complete
with 2% FCS was added for a final volume of 4 ml per
well. After incubation for seven days at 37 °C with 5%
CO3, a second blind passage was carried out by inoculat-
ing 400 pl of the supernatants of passage 1 (V1) onto
6-well plates containing Vero cells and amplified as de-
scribed above, generating passage 2 (V2). If no cytopath-
ic effect (CPE) was present after V2, this step was repeat-
ed to reach passage 3 (V3). If no CPE was detected after
three passages, no further tests were performed.

Culicoides identification

Culicoides were identified to species level using ma-
trix-assisted laser desorption/ionisation time-of-flight
mass spectrometry (MALDI-TOF MS) using homoge-
nised thoraxes as described.?4 In case mass spectrom-
etry yielded an unidentifiable protein spectrum, PCR
and sequencing were done for the individuals that had
also tested positive for viral RNA in RT-qPCR as de-
scribed.24

Statistical analyses

A multivariable logistic regression model was used to
analyse whether temperature regime, altitude of the
sampling site or virus strain the survival rate of blood-
fed Culicoides, as well as on the dissemination rate of
viruses. The analyses were performed using R (https://
www.R-project.org/).

Results

Culicoides could be caught on the Swiss Plateau between
mid-June and late October 2019 and 2020, while at the
pre-alpine location, Culicoides were collected between
mid-July and mid-September of both years. No Culi-
coides were catched with the indoor trap operated at the
pre-alpine site. A total of 13,337 midges from the Swiss
Plateau and 1,924 midges from the pre-alpine site were
exposed to infectious blood meals. The complete set of
intended vector competence experiments could be done
with the midges from the Swiss Plateau (all four virus
strains were investigated at both temperature regimes).
In contrast, the fewer Culicoides collected at the higher
site were used in two experimental settings (one strain
of each virus, only higher temperature regime) (Table

Table 2: Viral RNA quantified by RT-gPCR (Cq) detected in virus-spiked blood samples used for oral exposure of
field-collected Culicoides and in whole engorged Culicoides immediately after feeding (day 0) )2

Origin of . Number of Number Of. Culicoides ex- Blood Cq Culicoides day 0 Cq values
Culicoides Experiment® feedings pose_d to vnru_s/blood-fed values (range) range (outliers)
(feeding rate in %; 95 % CI)
AHSV-4 HFT 12 3229/529 (16; 15-18 %) 17,9-19,5 30,0 - 33,6 (37,9, 43,9)
AHSV-4 LFT 4 728/292 (40; 37-44%) 17,9 - 21,1 31,3-33,3
AHSV-9 HFT 7 1330/520 (39; 36-42%) 17,6 -19,8 31,0-33,3
Swiss Plateau | AHSV-9 LFT 5 910/276 (30; 27-33%) 18,5 -23,7 30,0-33,6
(650 masl)® | gppy.g HFT 10 1088/379 (35; 32-38%) 15,2 - 20,4 27,8-32,0 (35,9, 36,1)
EHDV-6 LFT 5 1110/348 (31; 29-34 %) 15,0-17,3 25,2 - 32,1
EHDV-7 HFT 15 3627/1361 (38; 36-39%) 20,7-22,3 | 32,3-36,7 (39,6, 41,7, 49,5)
EHDV-7 LFT 8 1315/268 (20; 18-23%) 19,9-22,7 32,0 - 35,4 (42,6)
Pre-alpine AHSV-4 HFT a 819/305 (37; 34-41%) 19,1-21,0 28,4-31,7
(2130 masl) | gypy.7 HFT 10 1105/340 (31; 28-34%) 16,6 - 22,7 27,0 - 35,2 (40,2, 44,9)

amasl: meters above sea level
bTemperature regimes: HFT, high fluctuating temperature regime (22 + 6 °C); LFT, low fluctuating temperature regime (26 + 6 °C).
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1), with a range of 4-15 feedings per experiment (Table
2). Different ratios of virus-cell culture supernatant and
blood were used in order to have similar viral titres of
approximately 6 logicTCIDso/ml in the blood inoculum.
The Cq values of the blood meals used for the vector
competence studies and of the engorged d0 midges are
shown in Table 2.

Feeding rates ranged from 16-40% and survival rates
from 13-449% (Table 1; Figure 2). A higher survival rate
was associated with higher altitude (OR = 1,82, p <
0,001), lower temperature (OR = 2,64, p < 0,001) and
strain AHSV-9 (AHSV-9 > EHDV-7, OR = 1,45, p <
0,01; AHSV-9 > AHSV-4, OR = 1,56, p < 0,001).

Overall, 34 Culicoides resulted in a positive RT-qPCR
result, with Cq values ranging from 29,0 to 48,2. When
applying a cut-off of Cq < 34 (AHSV-4, AHSV-9, EHDV-
6) or Cq <37 (EHDV-7) as determined from the standard
curves of the virus strains, the number of Culicoides with
fully disseminated infections was 14 (6 C. obsoletus, 8 C.
scoticus), all originating from the Swiss Plateau (Table 1).
Positive individuals were found for each of the four virus
strains at the high fluctuating temperature regime (HFT)
and for AHSV-4 and EHDV-6 also at the lower temper-
ature regime (LFT). The highest dissemination rate was
5% for AHSV-4 at HFT, and it was 1% at the LFT.
AHSV-9 yielded only one positive insect at HFT. Dis-
semination rates of 1-2 % were determined for EHDV-6
under the two temperature regimes. Three percent of
the biting midges exposed to EHDV-7 were positive for
the virus at HEFT but none at LFT. However, there was
no statistical difference in the dissemination rates based
on virus strain, origin of midges (altitude) or tempera-
ture regime.

The 14 Cq positive individuals from the Swiss Plateau
were further examined by virus isolation on Vero
cells. Viable virus of all four strains was demonstrat-
ed with head homogenates from 8 specimens, with
CPE observed after 2 (one case) or 3 (7) viral passag-
es (Table 1).

Species identification of all individual Culicoides that
had taken a blood meal was attempted by MALDI-TOF
mass spectrometry. The most abundant species by far
on the Swiss Plateau were C. obsoletus and C. scoticus (Ta-
ble 1), with the former being more abundant in most
experiments. Other species were present only in very
low numbers (C. chiopterus, C. dewulfi, C. lupicaris, C.
segnis). At the pre-alpine site, the cryptic species C. gris-
escens | and I were dominating, with C. obsoletus and C.
scoticus being virtually absent. A relatively high number
of individuals (232 out of 1,006, 23 %) yielded low-qual-
ity spectra in the mass spectrometry analysis and could
not be classified with this approach.
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Discussion Vector competence of
Culicoides biting midges

Vect t from Switzerland for
ector competence African horse sickness

In this study, the vector competence of field-collected  virus and epizootic
Culicoides from both Swiss Plateau and pre-alpine areas ~haemorrhagic disease
after oral exposure to two strains of AHSV (AHSV-4, viras

AHSV-9) and two strains of EHDV (EHDV-6, EHDV-7)  L.M. Maurer et al.
under two temperature regimes was examined. Specimens

with fully disseminated virus (i.e. positive heads) rather

than positive salivary glands or saliva were considered

potentially competent for AHSV or EHDV transmission

since salivary gland barriers, in contrast to the situation

in mosquitoes, have not been described for Culicoides

species.!4

Virus dissemination and thus vector competence was
confirmed for all four virus strains in C. obsoletus and/
or C. scoticus, with overall dissemination rates between
1-5%. These two Culicoides species are highly abundant
at lower altitudes, with catches of up to 20,000 individ-
uals in a single trap night,!” and thus have a considerable
vector capacity for the investigated viruses. As expected,
dissemination rates were higher at the higher incubation
temperature as previously demonstrated with other or-
biviruses.’-22:25.38 Culicoides from the pre-alpine area,
predominantly C. grisescens as in earlier studies,23.24
could only be examined with two virus strains (AHSV-
4 and EHDV-7) and at one (the higher) incubation tem-
perature, due to the limited number of insects available.
Their seasonal activity is much shorter and their abun-
dance lower (max. 2,000 per single trap night!7). Al-
though none of the biting midges from the pre-alpine
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Figure 2: Proportion (+ 95% Cl) of Culicoides that survived the 8-day incubation period af-
ter exposure to blood spiked with AHSV-4 (A4), AHSV-9 (A9), EHDV-6 (E6) or EHDV-7 (E7),
according to collection site (SP, Swiss Plateau at 650 meters above sea level [masl]; PA,
pre-alpine site at 2130 masl) and temperature regime (HFT, high fluctuating temperature
regime, 22 + 6 °C; LFT, low fluctuating temperature regime, 26 + 6 °C).
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population tested positive for the virus, this was not
significantly different from the proportion testing pos-
itive from the insects from the Swiss plateau. In summa-
ry, no firm evidence of susceptibility to AHSV or EHDV
infection was found for the Culicoides from the high-al-
titude site. This is in line with earlier finding on their
susceptibility for three BTV strains.2

To date, only one comparable European study has been
published. Biting midges collected in the field in Italy
were fed on cotton soaked with EHDV-6-spiked blood.13
After the incubation period of constant 25 °C for 10 d,
whole insects were processed and analysed by RT-qPCR,
revealing 6/962 (0,6 %) positive midges, identified as
C. obsoletus or C. scoticus. The results are difficult to com-
pare, as feeding method, incubation temperature, incu-
bation time and analyses of insects differed. In particu-
lar, the feeding method could have reduced infection
rates due to the smaller blood meal intake.32 The short-
er incubation time of eight days used in our study is in
line with previous work on Culicoides vector compe-
tence.S A study investigating BTV-1 infection in C. so-
norensis revealed the peak of disseminated infections at
25 °C at days 7 and 10 post-infection.3¢

A number of vector competence studies with field-collect-
ed Culicoides on AHSV and EHDV were previously car-
ried out in South Africa.26:31.33-35 These studies examined
an extensive range of different isolates of all strains of
both AHSV and EHDV, including field and vaccine
strains. Virus was recovered after incubation for 10 d at
23,5 °C, mainly from C. imicola and C. bolitinos, but also
in lower numbers from species of other subgenera. How-
ever, whole Culicoides were processed and analysed in
these studies, thus it was not possible to distinguish a mere
mid-gut infection from a full dissemination. Indeed, in-
fection rates were very variable, often below 10%, but in
some cases up to almost 50 %, due to intrinsic and extrin-
sic factors such as vector species and the large variability
of viral load in the virus-spiked blood meals.

Risk assessment for the introduction of
AHSV and EHDV into Europe

Our work suggests that Culicoides from the Swiss Plateau
can act as vectors of AHSV and EHDV under summer
conditions. Possible entry pathways of these viruses into
Europe are infected host animals or infectious vectors.
The latter is possible through wind dispersal of Culicoides
vectors, which can be transported over distances of hun-
dreds of kilometres. Indeed, wind dispersal was shown
to be the driver of the range expansion of the African
C. imicola to mainland France,!5 and it was the incrim-
inated method of BTV introduction from mainland
Europe to the UK.2 The risk of EHDV introduction
from neighbouring countries by wind dispersal of infec-
tious vectors was considered high.!

The risk of introducing EHDV into the EU by legiti-
mately importing infectious animals was considered
negligible. However, the introduction of an infected
animal through the illegal movement of livestock or
transit of wild animals was considered a possibility.!

Competition horses are unlikely to aid the spread of
AHSYV, due to the strict regulations, but illegal equid
movement are of concern,?” although the likelihood is
low. Furthermore, the possibility of infection while in
transit through an AHSV-infected country cannot be
excluded.?’” Qualitative risk assessment analyses that
accounted for multiple pathways of introduction of
AHSYV have been conducted for France, the Netherlands
and the UK.10.12.28 They suggested the entry of an infec-
tious host as the most likely pathway of virus introduc-
tion, although considered the risk altogether low with
large spatiotemporal differences.

Feeding and survival rates

Artificial blood-feeding with a device, initially designed
by Venter and colleagues3? and slightly modified in our
lab,2* was efficient (feeding rates between 16-40%).
Earlier work had shown that feeding rates decreased with
increasing ratios of virus cell culture supernatant to
blood,?* putatively because of changed viscosity (Vero-
nesi, unpublished). However, this was not observed in
our study. Feeding rates varied between experiments,
possibly because individuals of these field-collected pop-
ulations were of different age and physiological status.

Survival rates after blood-feeding were dependent on
altitude, temperature and - to a certain extent — virus
strain. The effect of altitude could be explained through
the species composition, as the pre-alpine site consisted
mainly of C. grisescens, which are larger and may be more
robust than the smaller C. obsoletus and C. scoticus col-
lected at lower altitudes. Midges incubated at the low
fluctuating temperature had significantly higher surviv-
al rates than midges incubated at the high fluctuating
temperature regime. This corresponds to previous stud-
ies in which C. sonorensis infected with BTV, AHSV and
EHDV and incubated under different constant temper-
atures had reduced survival at higher temperatures.2.38
The effect of virus strain on survival may be linked to
the interaction between arboviruses and their insect
hosts, and this has been shown before with Culicoides
exposed to different BTV, AHSV and EHDV
strains.2426:31 However, the involved mechanisms are
not investigated in Culicoides.

Insect identification by MALDI-TOF MS

Culicoides specimens were identified by subjecting ho-
mogenized thoraces to MALDI-TOF mass spectrometry.
This technique is widely used in routine diagnostic mi-
crobiological laboratories for the identification of bac-
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teria and fungi. We established a corresponding database
for insects, including the abundant Culicoides species. In
a large-scale study with 1,200 biting midges,!? only 13
(19%) specimens resulted in a low-quality spectrum and
could not be identified. In our study 232/1,006 (23 %)
yielded a low-quality spectrum. The main difference
was that only the thoraces were used in our study (as the
heads were analysed for viral RNA) in contrast to the
former study where heads and thoraces were analysed.
Though it is assumed that the major masses contributing
to the fingerprints are derived from proteins of the flight
muscle located in the thorax, the additional manipula-
tion of the specimens by cutting off the head might have
damaged some samples besides slightly different storage
conditions (all in 70% EtOH but for different times at
different cooling temperatures). Thus, further standard-
ization of the method is required to make full use of
this simple and cost-efficient method.
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Compeétence vectorielle des mouche-
rons culicoides de Suisse en ce qui
concerne le virus de la peste equine
et le virus de la maladie hémorra-
gique épizootique

Les moucherons culicoides sont apparus de maniére
inattendue en Europe en tant que vecteurs trés efficaces
du virus de la fievre catarrhale du mouton lors des épi-
démies qui ont commencé aux Pays-Bas en 2006. Ils sont
des vecteurs connus d’autres orbivirus, tels que la peste
équine (AHSV) et la maladie a virus hémorragique épi-
zootique (EHDV), qui ne sont pas endémiques en Eu-
rope. Nous avons cherché a savoir si les culicoides pré-
sents en Suisse a deux altitudes (Plateau suisse, 650
meétres au-dessus du niveau de la mer et Préalpes, 2130
metres au-dessus du niveau de la mer) peuvent agir
comme vecteurs pour ’AHSV et "TEHDV (deux souches
chacune).

Des moucherons piqueurs ont été collectés dans des
élevages, laissés se nourrir de repas de sang contaminé
par le virus a travers une membrane artificielle en labo-
ratoire et incubés pendant huit jours sous deux régimes
de température (22 £ 6 °C ou 26 % 6 °C) reflétant une
journée d’été ou une vague de chaleur sur le plateau
suisse. La compétence vectorielle a été évaluée a partir
d’homogénats de téte par RT-qPCR et isolement du
virus. Dans I’ensemble, plus de 15000 moucherons pi-
queurs ont été exposés a I'un des quatre virus.

Des infections entiérement disséminées ont été identifiées

pour les quatre souches virales chez 14 individus (6 C.
obsoletus, 8 C. scoticus, identifiés par spectrométrie de
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Competenza del vettore moscerino
Culicoides in Svizzera per il virus del-
la peste equina africana e il virus del-
la malattia emorragica epizootica

I moscerini Culicoides sono apparsi improvvisamente in
Europa come vettori altamente efficienti del virus della
malattia della lingua blu nelle epidemie cominciate nel
2006 nei Paesi Bassi. Essi sono vettori ben conosciuti di
altri orbivirus come il virus della peste equina (AHSV)
e il virus della malattia emorragica epizootica (EHDV)
che non sono endemici in Europa. Lo scopo di questo
studio era di esaminare se 1 Culicoides presenti in Sviz-
zera a due altitudini (Altopiano svizzero, 650 metri
s.l.m. e regione delle Prealpi, 2130 metri s..m.) possono
agire in quanto vettori per il AHSV e il EHDV (2 ceppi
ciascuno).

I moscerini sono stati raccolti in fattorie, nutriti in la-
boratorio con pasti di sangue contaminato dal virus
attraverso una membrana artificiale e incubati per otto
glorni a due differenti condizioni di temperatura (22 &
6 °C oppure 26 + 6 °C) che riproducevano un giorno
estivo o un periodo di grande caldo sull’Altopiano sviz-
zero. La competenza del vettore & stata determinata
dagli omogenati delle teste di moscerino con la RT-
gPCR e con I’isolamento del virus. In generale, piu di
15000 moscerini sono stati esposti a uno qualsiasi dei
quattro virus.

Sono state identificate delle infezioni completamente
diffuse per tutti e quattro i ceppi virali mediante RT-
gPCR in 14 esemplari (6 C. obsoletus, 8 C. scoticus, iden-
tificati dalla spettrometria di massa MALDI-TOF),
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masse MALDI-TOF), tous originaires du plateau suisse,
par RT-qPCR. Le virus viable a pu étre isolé a partir de 8
de ces échantillons. Les taux de diffusion allaient de 1 2
5%. Aucune dissémination virale n’a été observée chez
les moucherons piqueurs de haute altitude, appartenant
majoritairement a I’espéce C. grisescens, qui n’ont été étu-
diées quau régime de haute température. Cependant, un
modele de régression logistique multivariable n’a révélé
aucune différence statistique dans les taux de dissémina-
tion en fonction de l'origine des moucherons (altitude),
de la souche virale ou du régime de température.

Ainsi, la transmission de PAHDV et de "EHDV est pos-
sible sur le plateau suisse mais peu probable dans la zone
préalpine en considérant ’abondance des vecteurs. Les
voies d’introduction potentielle du virus comprennent
les déplacements illégaux d’animaux, mais aussi la dis-
persion par le vent sur de longues distances de culicoides
infectieux.

Mots clés: bovins, cervidés, chevaux, introduction orbivirus,
zone préalpine, plateau suisse

Cumpetenza sco vector d’il muschin
della spezia Culicoides ord dalla
svizra per il virus dalla pestilenza
africana da cavals e per il virus dalla
malsogna epizootica hemorrhagica

Ils muschins dalla spezia Culicoides ein semussai ell’Eu-
ropa nunspitgadamein cun transmetter fetg effectiv il
virus dalla malsogna lieunga blaua che ha priu si’ent-
schatta 2006 ella Hollandia. Els transmettan era auters
orbivirus ch’ein buca endemics ell’Europa, sco per
exempel igl excitader della pestilenza da cavals africana
(AHSV) e dalla malsogna hemorrhagica epizootica
(EHDV). Nus havein examinau sche Culicoides, che se-
cattan en svizra sin duas altezias sur mar (la Bassa 650
m.s.m. e la zona prealpina 2130 m.s.m.) vegnan en da-
monda sco vectors per AHSV e EHDV (mintgamai duas
famiglias da virus).

Ils muschins ein vegni rimnai sin beins purils, ein vegni
pervesi tras ina membrana artifiziala cun saun contami-
naus cun virus ed ein vegni incubai otg dis sin dus sca-
lems da temperatura (22 + 6 °C ni 26 + 6 °C), che
reflecteschan in di da stad ni ina perioda da calira ella
Bassa. La competenza sco vector ei vegnida erruida en-
tras RT-qPCR ed isolar il virus ord tgaus muschins ho-
mogenisai. En tut ein varga 15.000 muschins vegni
confruntai cun in dils quater virus.

tutti provenienti dall’Altopiano svizzero. Si sono isola-
ti virus vitali da 8 di questi insetti. I tassi di diffusione
si situavano tra 1-5%. Nessuna infezione virale & stata
osservata nei moscerini ad alta quota, che appartengono
prevalentemente alla specie C. grisescens, e che sono sta-
ti studiati solo in condizioni di alta temperatura. Tut-
tavia, il modello di regressione logistica multivariabile
non ha rilevato nessuna differenza statistica dei tassi di
diffusione sulla base dell’origine dei moscerini (altitu-
dine), ceppo del virus o condizioni di temperatura.

Quindi la trasmissione del AHDV e del EHDV ¢ possi-
bile nell’Altipiano svizzero ma improbabile nella regio-
ne delle Prealpi a causa della frequenza dei vettori. Le
vie per un’introduzione potenziale del virus includono
1 movimenti illegali di animali e la dispersione eolica su
grandi distanze dei Culicoides infetti.

Parole chiave: bovini, cervidi, cavalli, introduzione degli or-
bivirus, regione delle Prealpi, Altopiano svizzero

Tier 14 individuums (6 C. obsoletus, 8 C. scoticus, identi-
ficai entras MALDI-TOF-spectrometria), ch’ein vegni
rimnai tuts ella Bassa, ei vegniu constatau entras RT-
gPCR infecziuns dil tuttafatg disseminadas per tuttas
quater famiglias da virus. Virus vitals ein vegni isolai
orda 8 da quels insecs. La quota da disseminaziun tun-
scheva da 1-5%. Tier ils muschins da la zona pli aulta,
che appartegnan prinzipalmen tier la sort C. grisescens e
ch’ein vegni intercuretgs mo cul scalem ault da tempe-
ratura, han ins aflau negina infecziun da virus. In modell
da regressiun logistic multivariabel ha mussau negina
differenza satistica ella quota d’infektiun en correlaziun
cun la derivonza d’ils muschins (aultezia sur mar), cun
la famiglia dil virus ni cul scalem da temperatura.

Aschia ei ina transmissiun da AHSV ed EHDV pusseivla
ella Bassa, denton strusch probabla ella zona prealpina
sch’ins risguarda la frequenza d’ils vectors. Puseivladads
d’importar ils virus ein dislocaziuns d’animals illegalas,
mo era la derasaziun da Culicoides infeczius sur liungas
distanzas cul vent.

Plaids-clav: Biestga, tscharvas, cavals, introducziun digl or-
bivirus, zona prealpina, Bassa
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