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ABSTRACT

Biting midges are insects which annoy horses as
they cause discomfort and by the sucking of blood, they
cause painful lesions that, in certain cases, can trigger
acute allergic reactions. They also act as potential vec-
tors of many pathogens of bacterial, viral and parasitic
origin. The aim of this study was to investigate seasonal
dynamics, abundance and species composition of bit-
ing midges, and implementing protection options at
the Equestrian centre of the University of Veterinary
Medicine and Pharmacy (UVMP) in KoSice in the
vears 2021 and 2022. During this time period (of 2021
and 2022), we captured 4797 biting midges. Our results
showed that in 2021 the most frequently captured spe-
cies were C. obsoletus/C. scoticus (prevalence 86.6 %),
followed by C. punctatus and C. pulicaris (prevalence
5.37 % and 3.86 %, resp.). In addition, C. lupicaris, C.
newsteadi, C. furcillatus, C. festivipennis, C. slovacus, C.
tauricus, C. clastrieri, C. dewulfi, C. fagineus and C. cir-
cumscriptus were identified as the minority species. In
this year, the highest abundance of these insects (1758
biting midges) was observed at the end of June. In
2022, we detected a clear dominance of C. obsoletus/C.
scoticus (prevalence 97.0 %) and the highest number
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of biting midges (655) was captured in mid-May). In
this year, the minority species included, C. pulicaris,
C. punctatus and C. lupicaris. The identification of the
host blood showed that man (Homo sapiens) was the
dominant host, namely of 80 % of the examined biting
midges of species C. obsoletus/C. scoticus, C. dewulfi, C.
punctatus and C. festivipennis. In one female of species
C. fagineus we identified the host blood from horses
(Equus caballusi). In 2022, we detected the blood of a
domestic rabbit (Oryctolagus cuniculus) in the species
of C. obsoletus/C. scoticus.

Key words: Culicoides; host preference; preva-
lence; species composition

INTRODUCTION

Biting midges are tiny, blood-sucking insects that an-
noy not only animals, but also humans. Raids of their large
swarms irritate people involved in outdoor activities, affect
productivity and work usability of farm and pet animals
and induce various forms of hypersensitive responses,
particularly in horses. Equine Insect Bite Hypersensitivity
(IBH) is the most frequent allergic skin disease in horses
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[17] manifested as chronic recurrent seasonal allergic der-
matitis. The sensitive reaction of horses is the response to
proteins found in the saliva of the biting midges that are
considered strong allergens. The animals react to them by
increased production of serum IgE antibodies as a result of
hypersensitive type I and IV reactions [20]. This involves
a hereditary disease that appears usually in the second and
third year of life and tends to grow worse with the increas-
ing age of the affected individuals. It was confirmed that
particularly the saliva of Culicoides pulicaris [21] is con-
sidered the causative agent of the above mentioned allergic
dermatitis although other biting midge species parasitise
on horses, such as C. obsoletus/C. scoticus, C. lupicaris,
C. punctatus and other [19]. Horses affected by IBH show
seasonal manifestations with gradual progression from
spring to autumn when the Culicoides are active, and usu-
ally regress during the winter period, however, clinical
signs can persist in winter in serious chronical cases. The
initial clinical signs can be characterised as numerous pa-
pillae, hyperaesthesia and sensitisation of skin with intense
pruritus resulting in local loss of hair and excoriations ev-
ident along the dorsal medial line, at the basis of the mane
and tail [4] and, occasionally, beside ears [11]. However,
the most important reason for permanent studies of biting
midges, their species composition, occurrence and activity
is their ability to transmit pathogens that induce many dis-
eases included in the list of diseases defined by the World
Organisation for Animal Health (WOAH) that result in se-
rious economic losses related to disturbances of the health
state, emergency measures and restrictions concerning the
international trade of animals and animal products [22].

The aim of this study was to investigate the seasonal
dynamics, abundance, species composition of biting midg-
es and the potential prevention options that are compre-
hensively affected by many biotic and abiotic factors. The
study was carried out at the Equestrian centre of the Uni-
versity of Veterinary Medicine and Pharmacy (UVMP) in
Kosice in the years 2021 and 2022, where equine patients
with signs of IBH occurred recently.

MATERIALS AND METHODS

The entomological investigations were carried out in
the period of May to October of the years 2021 and 2022
in the Equestrian centre of UVMP in KoSice. This is a

specialised facility of the University of Veterinary Medi-
cine and Pharmacy in KoSice with the capacity of housing
approximately 60 horses. In addition to the housing area,
there is available also an indoor riding arena with special
surface, covered and outdoor sand riding area, as well as
grass runs for horses, grass parkour and social facilities for
personnel.

Capture of the biting midges

Biting midges were collected using miniature light
traps CDC 1212 (John W. Hock, USA) with UV light
that were situated at two sites, inside the house for horses
and outside at the runs. The light was turned on at dusk
(between 6:00 and 7:00 p.m.) when the activity of biting
midges gradually increases. The catch was collected early
in the morning (between 6:00 and 7: 00 a.m) on the fol-
lowing day.

Storage, processing and conservation of samples

In the laboratory, the biting midges were separated
from other insects, rinsed in 50 % ethanol, conserved in
the vessel containing 70 % ethanol and placed in refriger-
ated apparatus prepared for determination of species.

Morphological diagnosis of biting midges

Using abinocular magnifying lens ZEISS-STEVID V-4
and an entomological tweezers we sorted the biting midg-
es on a Petri dish into basic complexes and determined the
species on the basic typical morphological characteristics
according to the morphological key [14]. Subsequently,
the females were divided to four groups according to their
physiological state: nulliparous (female that never sucked
blood — has empty abdomen); parous (female that sucked
blood — blood fragments in abdomen are visible under bin-
ocular lens); engorged (visibly filled-up abdomen that ac-
quires a more oval shape); gravid (engorged abdomen full
of eggs) [9]. Such separation of females is necessary as for
detection of host blood and pathogens the biting midges
with fresh blood in the abdomen are used.

PCR species diagnosis of biting midges and the host
blood

In the cases of morphological similarity of species, we
used a molecular diagnostic method for their identifica-
tion. Genomic DNA was isolated employing the commer-
cial kit Dneasy® Blood and Tissue Kit (QTAGEN, GmbH.,
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Hilden, Germany). It was isolated from the female that
previously sucked blood (engorged) according to the pro-
tocol in the information leaflet of the kit manufacturer.
DNA samples were stored in a freezer at -20 °C. The con-
centration of the obtained DNA was measured by means
of a Qubit 4 Fluorometer (Thermo Fisher Scientific, USA)
and diluted to the final concentration of 20-50 ng.pl!.
Fragment of mitochondrial gene of cytochrome b (cyt
b) of size approximately 350 bp was used to identify the
host blood. The total volume of each sample destined for
PCR analysis reached 47 pl and contained the following:
21 ul Mastermix Emerald AmpGT, 21 ul nuclease free wa-
ter, 1 pl primer cyt bbl, 1 pl primer cyt bb2 a 3 pul DNA.
The PCR reaction took place in Mastercycler nexus X2
(Eppendorf, Germany), using universal primers for ver-
tebrates, namely forward primer cyt bbl (5 -CCA TCM
AAC ATY TCADCA TGA AA-3') and reverse one cyt bb2
(5"-GCH CCT CAG AAT GAY) ATT TGK CCT CA-3).
The amplification proces s consisted of the initial denatur-
ation step at 94 °C for 5 min, followed by 35x (94 °C for 1
min, 55 °C for 1 min, 72 °C for 1 min) and extension at 72
°C for 7 min [18]. Altogether 24 samples were subjected to
isolation and PCR analysis for identification of host blood.
Visualisation, purification and sequencing of PCR
products for identification of biting midge species, di-
agnosis of host blood and pathogen species are identi-
cal. Electrophoresis was performed in agarose gel (1 %)
stained with GoodView TM Nucleic Acid Stain into which

we loaded 5 ul of the PCR product and visualisation took
place under UV light. The positive PCR products were
sent to a qualified workplace in the Czech Republic for pu-
rification and sequencing. The sequencing was performed
in both directions with the same primers as those used for
PCR analysis.

The result of sequencing is a symbolic linear code re-
ferred to as the section that represents arrangement of the
sequenced molecule. Immediately after analysis of chro-
matograms by means of software MEGA X [12], we con-
ducted nucleotide sequence alignment by means of soft-
ware GeneTool Lite 1.0 (BioTools Inc., California, USA).

RESULTS

Altogether, we captured 4797 biting midges. The most
numerous were the species C. obsoletus/C. scoticus with
a prevalence of 86.6 % in 2021 and 97 % in 2022. Mi-
nority species included C. punctatus, C. pulicaris, C. Iu-
picaris, C. newsteadi, C. furcillatus, C. festivipennis, C.
slovacus/C. tauricus, C. clastrieri, C. dewulfi, C. fagineus
and C. circumscriptus (Table 1). In 2021, the highest abun-
dance of biting midges was recorded at the end of June
(1758) (Fig. 1), while in 2022, the highest number of them
were captured in mid-May (655) (Fig. 2).

Table 1. Species composition of biting midges captured in the Equestrian centre of UVMP in 2021-2022

Species 2021 2022 Total Prevalence Prevalence
2021 2022
C. obsoletus/ C. scoticus 3116 1165 4281 86.6 % 97.0%
C. lupicaris 28 1 29 0.78% 0.08 %
C. newsteadi 25 0 25 0.70 % 0.00 %
C. pulicaris 139 22 161 3.86 % 0.02 %
C. punctatus 193 12 205 537% 0.01 %
C. furcillatus 61 0 61 1.70% 0.00 %
C. festivipennis 3 0 3 0.08 % 0.00 %
C. clastieri 3 0 3 0.08 % 0.00 %
C. dewulfi 1 0 1 0.03 % 0.00 %
C. tauricus/ C. slovacus 21 0 21 0.58 % 0.00 %
C. fagineus 2 0 2 0.06 % 0.00 %
C. circumscriptus 1 0 1 0.03 % 0.00 %
Culicoides spp. 4 0 4 0.11% 0.00 %
Total 3597 1200 4797 100 % 100 %
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Fig. 2. The seasonal dynamics of Culicoides in the Equestrian

Species

Host

Sequence of cytb host gene

C. fagineus

Equus caballus

catgatgaaacttcggctecctectaggaatetgectaatectccaaatcttaacaggectattectage
catacactacacatcagatacgacaactgecttctcateegtcactcacatctgecgagacgttaactac
ggatgaattattcgctacctccatgecaacggageatcaatattttttatctgectetteattcacgtag
gacgeggcctetactacggetettacacattcctagagacatgaaacattggaatcatectacttttcac
agttatagctacagcattcatgggctatgtectaccatgaggecaaatate

C. obsoletus/C. scoticus

Homo sapiens

tcagcatgatgaaacttcggetcactecttggegectgectgatectecaaatcaccacaggactattee
tagccatgeactactcaccagacgectcaaccgecttttcatcaatcgeccacateactcgagacgtaaa
ttatggctgaatcatecgetaccttcacgecaatggegectcaatattctttatctgectcttectacac
atcgggcgagecctatattacggatcatttetctactcagaaacctgaaacatcggcattatectectge
ttgcaactatagcaacaggcttcataggctatgtectecegtgagg

C. dewulfi

Homo sapiens

tcagcatgatgaaacttcggetcactecttggegectgectgatectecaaatcaccacaggactattee
tagccatgeactactcaccagacgectcaaccgecttttcatcaategeccacateactcgagacgtaaa
ttatggatgaatcatccgetaccticacgecaatggegectcaatattett tatctgectettectacac
atcgggcgagecctatattacggatcatttctctactcagaaacctgaaacatcggaattatectectge
ttgcaactatagcaacagccttcataggctatgtecteccgtgage

C. punctatus

Homo sapiens

tcagcatgatgaaacttcggetcactecttggegectgectgatectecaaatcaccacaggactattee
tagccatgeactactcaccagacgectcaaccgecttttcatcaategeccacateactcgagacgtaaa
ttatggctgaatcatcegetaccttcacgecaatggegectcaatattctttatctgectcttectacac
atcgggcgagecctatattacggatcatttetctactcagaaacctgaaacatcggcattatectectge
ttgcaactatagcaacagecttcataggcetatgtecteccgtgage

C. punctatus

Homo sapiens

tcagcatgatgaaacttcggetcactecttggegectgcctgatectecaaatcaccacaggactattee
tagccatgeactactcaccagacgectcaaccgecttttcatcaatcgeccacateactcgagacgtaaa
ttatggctgaatcatcegetaccttcacgecaatggegectcaatattetttatctgectcttectacac
atcgggcgagecctatattacggatcatttetctactcagaaacctgaaacatcggcattatectectge
ttgcaactatagcaacagcecttcataggcetatgtecteccgtgage

C. festivipennis

Homo sapiens

tcagcatgatgaaacttcggetcactecttggegectgcctgatectecaaateaccacaggactattee
tagccatgeactactcaccagacgectcaaccgecttttcatcaatcgeccacateactcgagacgtaaa
ttatggctgaatcatcegetaccttcacgecaatggegectcaatattctttatctgectcttectacac
atcgggcgagecctatattacggatcatttetctactcagaaacctgaaacatcggcattatectectge
ttgcaactatagcaacagcecttcataggctatgtecteccgtgags

C. obsoletus /C. scoticus

Homo sapiens

tcagcatgatgaaacttcggetcactecttggegectgectgatectecaaatcaccacaggactat-
tcctagecatgeactactcaccagacgectcaacegecttttcatcaategeccacatcactega-
gacgtaaattatggctgaatcatccgetaccttcacgecaatggegectcaatattctttatetgectet-
tcctacacatcgggcgaggcctatattacggateatttetetactcagaaacctgaaacatcggeat-
tatcctectgettgeaactatagcaacagecticataggctatgtectecegtgagg

C. tauricus /C. slovacus

Homo sapiens

tcagcatgatgaaacttcggetcactecttggegectgectgatectecaaatcaccacaggactattee
tagccatgeactactcaccagacgectcaaccgecttttcatcaatcgeccacatcactcgagacgtaaa
ttatggctgaatcatccgetaccttcacgecaatggegectcaatattctttatctgectcttectacac
atcgggcgaggcctatattacggatcatttetctactcagaaacctgaaacatcggcattatectectge
ttgcaactatagcaacagccttcataggctatgtecteccgtgage

C. obsoletus /C. scoticus

Homo sapiens

catgatgaaacttcggcteactecttggesectgectgatectccaaatcaccacaggactattectage
catgcactactcaccagacgectcaaccgecttttcatcaategeccacatcactcgagacgtaaattat
ggctgaatcatcegetaccttcacgecaatggegecteaatattetttatctgec tettectacacateg
ggcgaggcctatattacggatcatttctetactcagaaacctgaaacateggeattatectectgettge
aactatagcaacagccttcataggetatgtectecegtgags

C. obsoletus /C. scoticus

Oryctolagus cu-
niculus

tgatgaaactttggctctctactaggectgtgecttataattcaaatt ttcactggectattettageca
tacactacacctctgacacaacaacagcattctcatcagtaacccatatttgecgagatgttaactatgg
ctgacttatccgatacctccacgctaacggageatctatattetttatttgectctacatacacgtagge
cgeggaatctactatggatcatacacatacctagagacctgaaacattggeatcatectectattegeag
taatagccacagcatttatgggttatgtccteccatgagg
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Identification of host blood in biting midges in our
study showed that the dominant host of these insects were
humans (Homo sapiens), namely in as many as 80 % of the
investigated biting midges, specifically in C. obsoletus/C.
scoticus, C. dewulfi, C. punctatus and C. festivipennis. In
a female of C. fagineus, we identified blood from a horse
(Equus caballusi). In 2022 we identified blood of a do-
mestic rabbit (Oryctolagus cuniculus) in C. obsoletus/C.
scoticus (Table 2).

DISCUSSION

In Slovakia, biting midges show a pronounced season-
al activity. Our study was conducted in the years 2021 to
2022, when we captured altogether 4797 biting midges of
14 species, the dominant species being C. obsoletus/C. scot-
icus with prevalence of 86.6 % in 2021 and 97 % in 2022.
The total number captured in 2021 was 3597, most of them
(73 %) captured inside in the house for horses. In 2022, the
catch totalled 1200 biting midges and again most of them
(85 %) in the interior. Interesting were the differences in
abundance and species composition determined in the same
place in the period of 2018 to 2020 [10] and the results ob-
tained in this study. In the years 2018 to 2020 there were
captured as many as 35 463 biting midges of 17 species.
The highest abundance and species diversity was observed
in 2019. Of the minority species there were detected C. by-
sta, C. picturatus, C. clastieri, C. dewulfi and C. deltus [10].
The differences in an abundance and species composition
were probably related to the construction changes in the past
two years. Both the internal and external facilities underwent
reconstruction that resulted in the elimination of biotopes
suitable for propagation of larvae of biting midges requiring
an abundance of decomposing organic matter and humid
environment. The highest abundance of biting midges was
recorded in species of subgenus Avaritia that includes bit-
ing midges C. obsoletus, C. scoticus and C. dewulfi. These
species also show morphological similarity. According to Z
itra etal [24] morphological diagnosis of their females is
impossible, thus it is necessary to use molecular methods for
better identification of the species. The mentioned species
are the main viral vectors in the palearctic realm and at the
same time belong among the most numerous in Europe [3].
Their high prevalence was recorded also in Germany [2],
Ireland [7], the Netherlands, Italy and Sweden [15].
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Identification of host blood is inevitable for the control
of spreading of new species of biting midges and the asso-
ciated transmission of pathogens. Sucking blood of host by
the insect depends on its ability to remain active when the
suitable hosts are available. Blood of the host parasitized
by the vector affects its intestinal microbiota. During blood
sucking the microbicidal effector molecules such as anti-
microbial peptides are expressed [16]. Last but not least,
the blood is a source of proteins necessary for the females
before laying the eggs. Some studies implied that the se-
lection of a suitable host for biting midges Culicoides is
limited by the availability of hosts in their surroundings
[23]. On the other hand, anthropogenic activities provide
suitable opportunities for the transmission of novel path-
ogens among people. In the study by Calvo atal [5],
conducted in the National park Picos de Europa in north-
ern Spain, the scientists focused on identification of host
blood in biting midges and ascertained that 95.8 % of host
blood originated from mammals and 6.00 % from the do-
mestic fowl (Gallus gallus). The most frequent hosts were
sheep (87.7 %), people (6.5 %), cattle (3.7 %) and small
rodents Microtus savii (2.1 %). This study indicated that
ruminants were the preferred source of blood subsistence
for Culicoides in the investigated territory. However, there
were observed many situations in which the biting midges
exhibited opportunistic behaviour related to the abundance
of specific potential hosts as the sources of blood. In the
case of low abundance of the preferred hosts, the biting
midges are capable of adapting. This can explain the fact
that in 80 % of samples examined in this study, we de-
tected in human blood, namely in those from C. obsole-
tus/C. scoticus, C. dewulfi, C. punctatus, C. Tauricas/C.
slovacus and C. festiveness. In only one sample obtained
from C. fagineus, we identified horse (Equus caballus) as
the source of blood. Rabbit blood (Oryctolagus cuniculus)
was detected in C. obsoletus/C. scoticus.

The above statements indicates that the necessity of
protecting people and other animals from midge baits.
From the entomological aspect, we could suggest the use
of insecticide or repellents to protect susceptible animals
from bites, however, one study conducted in Switzerland
showed that the common insecticides and repellents failed
to produce the required effect [13]. With respect to pro-
tection and well-being of animals, they should be kept in
housings protected against insects (e.g. by treatment of
windows and doors by contact insecticides) and regular use



of light traps. Regrettably, this provokes some criticism as
some of such measures appear to be impractical, expensive
and financially infeasible and have none or only minimal
effect. For people temporarily exposed to biting midges
the use of repellents appears to be a suitable measure of
protection against insect bite; N,N-dietyl-m-toluamid
(DEET) is considered the gold standard for this purpose
[8]. With respect to protection of animals, Carpenter
et al. [6] recommended to disrupt the development of bit-
ing midges by elimination of suitable biotopes for larvae
which was supported also by our study that showed im-
provement after reconstruction of the Equestrian centre. In
horses it is possible to use allergen-specific immunothera-
py (allergen-SIT), consisting of subcutaneous administra-
tion of an allergen extract from biting midges. Although
the mechanism by which the allergen-SIT mediates its
anti-inflammatory effects has not yet been completely ex-
plained, various studies revealed that allergen-SIT affects
the response of APC, cells, T cells, B cells and effector
cells [1]. Allergen-SIT results in early induction of Treg
buniek supressing Th2-Thl cells and other effector cells
which can result in early protection against midge baits.

CONCLUSIONS

There are many reasons that justify the need for ento-
mological monitoring of species composition, abundance,
seasonal activity and host preference of Culicoides spe-
cies. Global changes (anthropogenic, climatic and social)
that occurred in the past two decades resulted in spreading
and emergence of new serious diseases of various aetiol-
ogy. Biting midges are also involved in transmission of
their causative agents. The methods of molecular biology
allowed us to determine the host activity of biting midges
in the Equestrian centre of the UVMP in KoSice and to
characterise biological specialties of parasite-host rela-
tionships that are affected by local adaptation to the availa-
ble hosts as well as the environmental factors.
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