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Abstract 

Biting midges of the genus Culicoides (Diptera: Ceratopogonidae) were captured in the course of 

three seasons (2017–2020) in the Zoo Košice. The total number of captured individuals was 5,667 

biting midges, and 12 species of Culicoides were identified, while the most frequently captured and 

the most populous species were C. obsoletus/C. scoticus, C. furcillatus, and C. festivipennis. The 

most frequent hosts on which the biting midges were blood-feeding were humans (Homo sapiens), 

Burchell's zebra (Equus quagga burchellii), and domestic cow (Bos taurus). This is the first study 

to confirm a wide range of biting midges species in a zoo which are capable of using not only 

animals as their hosts, but also humans, in whom a bite may induce an allergic reaction. More than 

80% of the fauna of biting midges in the Zoo Košice represented Culicoides obsoletus/C. scoticus, 

which are in the Central Europe regarded as the potential vectors of arboviruses, to which primarily 

ruminants are highly susceptible. 
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1. Introduction 

Ecosystems in zoological gardens provide a 

favourable environment for various 

pathogens to spread, as a variety of exotic and 

domestic animals live on typically a small 

territory.1 Biting midges belong to the 

important vectors that participate in the active 

biological transmission of a wide range of 

globally significant arboviruses, including the 

Bluetongue Virus (BTV) and Schmallenberg 

Virus (SBV), as well as parasites, such as 

Onchocerca, Haemosporidium and other.2-4 

Onchocerciasis is induced by more than 20 

species of Onchocerca spp., while their 

microfilariae are transmitted by black flies 

(Simulium spp.) or biting midges (Culicoides 

spp.), depending on a species, with a varied 

range of definitive hosts, including domestic 

and wild ungulates, carnivores, and humans.5 

In recent years, there have been recurrent 

cases of primarily human onchocerciasis 

induced by the zoonotic species  Onchocerca 

cervicalis and O. gutturosa, while the disease 

was clinically manifested by dermatitis, 

ocular involvement, as well as epilepsy.6 

Microfilariae of these worms are transmitted 

by biting midges of Culicoides nubeculosus, 

C. variipennis, C. kingi and other Culicoides 

spp.7-9 Besides the fact that biting midges are 

important vectors of pathogens, their saliva, 

which penetrates into a host during the blood 

sucking, is an important allergen that induces 

dermatitis.10-12 Females of these diptera feed 

on blood of a wide range of vertebrae. They 

parasitise mainly on mammals and birds, and 

some of them also on the blood of reptiles and 

amphibians.13 In zoological gardens, their 

bites affect the overall health and welfare of 

animals, caretaking staff and visitors. From 

the epizootiological and epidemiological 

points of view, the transmission of pathogens 

is limited mainly by the specificity of vectors 

and the number of hosts. Due to the fact that 

zoological gardens comprise a variety of 

animal species, Culicoides biting midges may 

use several different types of potential hosts 

at one place, and this improves the conditions 

for the transmission of pathogens among 

animals bred in captivity.14 Moreover, this 

also increases a risk of infection in humans. 

The purpose of this study is to present the 

current situation regarding the species 

composition, abundance and host preference 

of biting midges in the Zoo Košice.  

 

2. Methods 

2.1. Trapping  

Zoo Košice (48°47'16.32"S, 21°12'18.59"V) 

is the second largest zoo in the Central 

Europe; it extends over the area of 289 ha in 

the natural environment of the Čierna Hora 

Mountains near Košice, in the Kavečany 

Municipal Region, at an altitude of 381 

meters above mean sea level. In the period 

from 2017 to 2020, in the seasons from April 

to November, the monitoring of the fauna of 

biting midges was carried out. Biting midges 

were trapped using the CDC 1212 light traps 

(John Hock Company, USA) (Fig. 1). The 

light traps were installed in the evenings and 

collected next mornings.   
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Fig. 1. Traps in aviaries 

 

Trap A was installed near perissodactyls, in 

particular: water buffalo (Byvol arni), 

Przewalski's horse (Equus ferus przewalskii), 

Chapman’s zebra (Equus quaqqa 

chapmanni), and blue wildebeest 

(Connochaetes taurinus taurinus).  

Trap B was installed near aviaries with the 

following birds: great white pelican 

(Pelecanus onocrotalus), Dalmatian pelican 

(Pelecanus crispus), greylag goose (Anser 

anser), Muscovy duck (Cairina moschata), 

swan goose (Anser cygnoides), black swan 

(Cygnus atratus), mute swan (Cygnus olor), 

wood duck (Aix sponsa), red-crested pochard 

(Netta rufina), mandarin duck (Aix 

galericulata), mallard (Anas platyrhynchos), 

Andean condor (Vultur gryphus), and 

Steller's sea eagle (Haliaeetus pelagicus) 

(Fig. 2).  

 

Figure 2. Map depicting individual animals and locations where the traps were installed.  
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2.2. Temperature and humidity data 

Climate data – minimum, maximum and 

average ambient temperatures, relative 

humidity and mean wind speed were 

identified using digital data loggers, and the 

measurements were carried out using an 

anemometer. 

 

2.3. Identification of Culicoides 

The trapped biting midges were preserved in 

70% ethanol. The species diagnostics of 

biting midges was carried out under the Zeiss 

Stemi DV4 binocular microscope. In the first 

step, biting midges were categorised on the 

basis of wing morphology, using a fast 

identification key.15 They were divided into 

following complexes: Obsoletus, Pulicaris, 

Nubeculosus and other Culicoides spp. The 

species were identified on the basis of the 

morphological features typical for individual 

species, i.e. wing spots, a chest colour, a 

shape of 3rd phalanx of the palps, and the ratio 

of the length of 10th to the length of 11th 

segment of the antenna, using the available 

identification keys.16,17 The species which 

were not identifiable on the basis of those 

morphological features were processed into 

permanent slides and they were subsequently 

identified on the basis of the following 

features: the number and shapes of 

spermathecae, shapes of antenna segments 

and the presence of sensilla on individual 

segments, size and shape of the 3rd palpal 

segment and shapes of sensilla, the number of 

thorns on the second pair of legs, etc. The 

females of individual species of biting midges 

were then divided into 4 groups on the basis 

of their abdomen pigmentation.18 

 

2.4. Blood-meal molecular analysis 

Following the identification of the species of 

biting midges, the selected females with 

abdomens filled with blood were subjected to 

DNA isolation using the Qiagen blood & 

tissues kit (QIAGEN, GmbH., Hilden, 

Germany). DNA extraction was carried out 

using entire biting midge individuals. The 

host blood detection was carried out while 

applying the PCR method, while focussing on 

a portion of the sequence of the MT-CYB 

gene using the cyt bb 1 (5´-CCA TCM AAC 

ATY TCA DCA TGA TGA AA-3´) and cyt 

bb 2 (5´-GCH CCT CAG AAT GAY ATT 

TGK CCT CA-3´) primers.19 

 

3. Results 

In the course of four seasons in years 2017 

through 2020, 37 cycles of trapping the 

Culicoides biting midges were performed, 

while the total number of trapped individuals 

was 6,905 biting midges. The data on the 

species composition and their abundance are 

listed in Table 1. The trapped biting midges 

belonged to the subgenera Avaritia, 

Culicoides, Sensiculicoides, Pontoculicoides, 

Silvaticulicoides, Beltranmyia 

and Monoculicoides. The most frequent 

species were C. obsoletus/C. scoticus, in 

particular 5,556 individuals (80.46%), which 

are described as the potential vectors of SVB 

and BTV, followed by the species:  C. 

furcillatus (645 pc; 11.81%); C. festivipennis 

(279 pc; 4.04%); C. pulicaris (202 pc; 

2.92%); and C. lupicaris (103 pc; 1.49%). 

Other detected species of biting midges 

included C. punctatus, C. dewulfi, C. riethi, 

C. tauricus/C. slovacus, C. kibunensis, C. 

subfascipennis, C. circumscriptus C. 

nubeculosus and C. stigma. 

The detection of host blood was carried out 

using 16 specimens of biting midges of 

species C. furcillatus, C. festivipennis and C. 

obsoletus. The resultant finding was that their 

hosts were a Burchell’s zebra (Equus quagga 

burchellii) and a domestic cow (Bos taurus); 

however, the most frequent hosts were 

humans (Homo sapiens) (Table 2). 
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Table 1. Species composition of Culicoides biting midges in years 2017–2020. 

Species   
Monitored years 

Total number % 
2017 2018 2019 2020 

C. obsoletus/C. scoticus 1,020 1,406 930 2,200 5,556 80.46 

C. dewulfi 2 - - - 2 0.02 

C. furcilatus - 20 618 7 645 9.32 

C. festivipennis - 24 154 101 279 4.04 

C. pulicaris 97 48 24 33 202 2.92 

C. lupicaris 20 56 23 4 103 1.49 

C. punctatus - 15 2 - 17 0.24 

C. riethi - - 2 - 2 0.03 

C. kibunensis 16 - - - 16 0.23 

C. tauricus/C. slovacus 4 1 - - 5 0.07 

C. subfascipennis - 1 - - 1 0.01 

C. circumscriptus 22 - 1 - 23 0.33 

C. stigma - - 1 - 1 0.01 

C. nubeculosus - - - 1 1 0.01 

Culicoides spp.  

damaged (unidentified) 
57 - - - 57 0.82 

Total 1,238 1,571 1,755 2,341 6,905 100 

 

Table 2. Evaluation of host blood in biting midges in Zoo Košice. 

Biting 

midge 

species 

Host blood 

after 

sequencing 

Sequences of a portion of the MT-

CYB gene 

Sequence 

length 

Identity 

with  

NCBI 

Comparison 

with NCBI 

C. 

furcillatus 

Equus 

quagga 

burchellii 

catgatgaaactttggctccctcctaggaatctgccta
atcctccaaatcctaacaggcctattcctagc 

catacactacacatcagacacaacaactgccttctcgt

ctgtcacccatatctgccgagacgttaactac 

ggatgaatcattcgctacctccatgccaacggagcat

ccatatttttcatctgcctcttcatccacgtag 

gacgtggcctctactatggctcttacacattcctagaa

acatgaaacattggaattatcctacttctcac 

agtaatagccacagcattcataggctatgtcctaccat

gaggccaaat 

328 99.7% NC_044858.1 

C. 
festivipennis 

Homo 
sapiens 

aatgatccgtaatataggcctcgcccgatgtgtagga

agaggcagataaagaatattgaggcgccattgg 

cgtgaaggtagcggatgattcagccataatttacgtct
cgagtgatgtgggcgattgatgaaaaggcggt 

tgaggcgtctggtgagtagtgtatggctaggaatagt

cctgt 

182 100% MK617272.1 
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C. 

festivipennis 
Bos taurus 

aacatctcagcatgatgaaatttcggttccctcctggg

aatctgcctgatcctacaaatcctcacaggcc 

tattcctagcaatacactacacatccgacacaacaac

agcattctcctctgttacccatatctgccgaga 

cgtgaactacggctgaatcatccgatacatacacgca

aacggagcttcaatgttttttatctgcttatat 

atgcacgtaggacgaggcttatattacgggtcttaca

cttttctagaaacatgaaatattggagtaatcc 

ttctgctcacagtaatagccacagcatttataggatac 

318 99.69% MN148732.1 

C. 

festivipennis 

Homo 

sapiens 

tccatccaacatctcagcatgatgaaacttcggctcac

tccttggcgcctgcctgatcctccaaatcacc 
acaggactattcctagccatacactactcaccagacg

cctcaaccgccttttcatcaatcgcccacatca 

ctcgagacgtaaattatggctgaatcatccgctacctt

cacgccaatggcgcctcaatattctttatctg 

cctcttcctacacatcgggcgaggcctatattacggat

catttctctactcagaaacctgaaacatcggc 

attatcctcctgcttgcaactatagcaacagccttcata

ggctatgtcctcccgtgagg 

339 99.7% MK617272.1 

C. obsoletus 
Homo 

sapiens 

ccgccttttcatcaatcgcccacatcactcgagacgta

aattatggctgaatcatccgctaccttcacgc 

caatggcgcctcaatattctttatctgcctcttcctacac

atcgggcgaggcctatattacggatcattt 
ctctactcagaaacctgaaacatcggcattatcctcct

gcttgcaactatagcaacagccttcataggct 

atgtcctcccgtgaggccaaatatc 

235 100% MW172501.1 

 

4. Discussion 

The entomological research in Zoo Košice 

was carried out in the course of four seasons 

in years 2017 through 2020. The total number 

of trapped biting midges was 6,905 

individuals, and they belonged to 14 different 

species. The individual monitored seasons 

differed in the species composition; whereas 

the differences were observed not only in the 

frequency of occurrence, but also in the 

percentages of individual species. The study 

was carried out because the zoos with a 

variety of avian and mammal hosts represent 

ideal environments for the nuisance and 

potential spread of pathogens in animals and 

humans. The study results obtained over the 

last ten years indicate that approximately 25 

pathogens were transmitted by blood-feeding 

arthropods in zoos.20  

First cycles of trapping Culicoides biting 

midges were carried out in 2017. These small 

haematophagous Diptera are known to feed 

on blood primarily of mammals and birds.21 

That is why the light traps were installed 

mostly near the aviaries and enclosures for 

ungulates, which provide ideal conditions for 

the development of larvae.22 In a sufficiently 

warm and humid environment with a 

sufficient amount of organically 

decomposing materials, the larvae of biting 

midges complete their development faster, 

and thus the number of generations per year 

is higher.23 In the first monitored year 2017, 

the traps were installed primarily near 

ungulates, as well as carnivores and bears. 7 

trapping cycles were carried out, and 1,238 

biting midges of six species were collected; 

however, these females did not have any 

pigment or host blood in their abdomens.  In 

two cases, the traps were not installed safely 

enough and they were torn down and broken. 

This was one of the reasons why in the next 

seasons the traps were installed mainly in 

aviaries. In the following year 2018, the total 

number of trapped biting midges was 1,571 

individuals of 8 species (Table 1). A 
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burgundy-red pigment was detected in the 

abdomens of females trapped in aviaries, in 

particular in 19 females of C. festivipennis 

(n=3) and C. obsoletus/C. scoticus (n=3); 13 

females of C. festivipennis were gravid and 

with visible eggs.18 From the epizootiological 

point of view, there was a high risk of 

pathogen transmission particularly by these 

females, because they had sucked blood from 

hosts that might have been the sources of 

viruses or parasites. The females of 

Culicoides festivipennis biting midges are the 

vectors of avian haemosporidia, as was also 

confirmed by the studies carried out in the 

Czech Republic, Germany, and Bulgaria.24-27  

Trap B was used to capture biting midges near 

ungulates, where 8 species of biting midges 

were identified, in particular: C. 

obsoletus/scoticus, C. lupicaris, C. pulicaris, 

C. festivipennis, C. furcillatus, C. punctatus, 

C. tauricus/C. slovacus and C. 

subfascipennis. In season 2018, there was the 

highest activity of biting midges in the 

enclosures for perissodactyls, in particular 

Champan’s zebra and blue wildebeest. At an 

average temperature of 20.1 °C and relative 

humidity of 60.6 %, 680 biting midges of the 

Obsoletus complex were captured. These 

females were present in all physiological 

stages, i.e. nulliparous (n=101), parous 

(n=572), engorged (n=4) and gravid (n=3). 

Biting midges of the Obsoletus complex, 

primarily C. obsoletus/C. scoticus, belong to 

the most frequent species in the Palaearctic 

realm; the same result was presented in the 

study performed within the project of 

monitoring Culicoides in a zoo in South 

Carolina.28 

Due to the fact that the frequency of 

occurrence of biting midges in avian biotypes 

was low in the first two years of the research 

(2017 and 2018), such biotypes with a lower 

number of individuals were excluded from 

the study in the following seasons. Similarly, 

as for monitoring ungulates, the traps were 

not installed in the enclosures for buffalos. 

The second season was accompanied by 

certain technical problems with the power 

supply for traps and fluorescent tubes, and 

this was probably manifested by a lower 

number of biting midges collected in traps.  

In the following year 2019, 10 species of 

biting midges were captured (most of them in 

June), in particular the following 8 species: C. 

obsoletus/C. scoticus, C. furcillatus, C. 

festivipennis, C. riethi, C. pulicaris, C. 

punctatus, C. lupicaris and C. stigma. In June, 

the average temperature was 20.5 °C and 

relative humidity was 74.2%. Also, the 

number of C. festivipennis biting midges 

trapped near birds was higher than in 2018.  

In the following season of 2020, the number 

of trapped biting midges was 2,341 and they 

belonged to 6 species. The most frequent 

species were C. obsoletus/C. scoticus 

(n=2,200), representing almost 94% of the 

biting midges captured that year. 

Extraordinarily high temperatures and air 

humidity in November, when the average 

daily temperature in aviaries was 11.9 °C 

and the relative humidity was 95.2%, were 

manifested by an increased activity of biting 

midges. In November 2020, 17 females of C. 

obsoletus/C. scoticus were captured, 

including 16 females with pigmented 

abdomens. Biting midges of the Pulicaris 

group, which belong to the second most 

frequent in the Palaearctic realm, represented 

322 individuals (4.6%) captured over the 

monitored years. Three different species were 

detected, in particular C. pulicaris, C. 

lupicaris, and C. punctatus. The fauna of 

biting midges of this complex that live in 

Slovakia also includes the C. newsteadi 

and C. bysta species; however, these species 

have not yet been captured. Similar results 

were also presented in the study by England 

et al. (2020); in two zoos in the United 

Kingdom they captured biting midges of 

the Pulicaris complex, in particular C. 

pulicaris (69.9%) and C. punctatus (8.1%). 

As was the case in our surveillance, a 

dominant species of biting midges in the UK 

were C. obsoletus/C. scoticus (69.9%).29,30 
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In addition to animal hosts, Culicoides biting 

midges also parasitise on humans. Year 2019 

exhibited the highest diversity of the species 

composition of biting midges. It is an 

interesting fact that particularly in 2019 the 

Zoo Košice observed the highest visit rate – 

254,528 visitors, i.e. in 30,054 visitors more 

than in the previous year. In this regard, the 

investigation of the host blood detected in the 

captured biting midges revealed that human 

blood was present in three specimens (Table 

2), representing 18.8%. This represents a 

potential risk of the transmission of 

pathogens to humans, especially while 

bearing in mind that in 2020 the presence of 

C. nubeculosus, i.e. the most important vector 

of zoonotic microfilariae Onchocerca 

cervicalis and O. gutturosa, was confirmed 

for the first time in the Zoo Košice.6 

So far, 40 studies (23 females and 17 males, 

aged from 2 to 78 years were infected) have 

been conducted on epidemiological, clinical, 

diagnostic, pathological, and therapeutic 

aspects of Onchocerca infection with 

Onchocerca species infecting animals have 

been found in human tissues as reviewed by 

Beaver et al.31, Orihel and Eberhard33, 

Pampiglione et al.34, Wright et al.37, Sallo et 

al.35, Koehsler et al.32, Wesołowska et al.36.  

Zoonotic onchocerciasis is characterized by 

lesions observed as subcutaneous nodules 

developed around adult worms in various 

parts of the body causing inflammation of 

musculature and, in some cases, penetrated 

the eye. The most prevalent species infect 

humans Onchocerca lupi was identified, 

followed by O. dewittei japonica, O. 

jakutensis, O. gutturosa, and O. cervicalis.38 

In Europe, cases of human orchocerciasis 

have been reported in Albania, Switzerland, 

Hungary, Austria and Poland.34-36 The 

interest in biting midges has enormously 

increased over the last two decades, mainly 

due to the Bluetongue and Schmallenberg 

virus transmission to ruminants with the 

possibility of transmission these Culicoides-

borne arboviruses to susceptible zoo 

animals.39 These results demonstrate that zoos 

can be foci of biting midge-borne pathogens 

to animals and humans, indicating the need 

for preventative and mitigating measures 

would need to be taken. 

 

Conclusions 

To our knowledge, this is the first study to 

directly confirm blood-feeding of Culicoides 

on zoo animals in Slovakia and shows that 

they are able to utilise of animals as well as 

human host species. The above results show 

that in the urban environment in localities 

with higher attendance of people and animal 

husbandry, we confirmed the occurrence of 

potential Culicoides vectors. If zoonotic 

pathogens infect animals inhabiting the same 

areas as people do, there is a risk that they 

become infected too. The results of this study 

may be used in future as an important 

indicator when modelling the transmission of 

pathogens and designing veterinary 

emergency plans in zoo parks. 
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