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Culicoides, among the tiniest and most abundant hematophagous insects globally, serve as vectors
for a variety of pathogens such as viruses, bacteria, parasites, protozoa, and nematodes. This study
aimed to identify Culicoides species and assess their spatial distribution and seasonal occurrence in
selected districts of the Central, South, and West Gondar zones, Northwest Ethiopia. A cross-sectional
study was conducted between January to July 2023. A total of 44 UV light- onderstepoort traps were
deployed in the study districts near specific areas. The traps were operational from dusk (6:00 PM) until
dawn (6:00 AM) and were suspended at a height of 1.5 to 2 m above the ground. Poisson regression
was used to assess associations, the Shannon diversity index to measure diversity, and QGIS 3.22.6

to create maps. In this study, 8,857 Culicoides were captured across the 44 trapping sites. Of the total
flies captured flies, 8,838 were identified as belonging to 12 distinct species, while the classification

of the remaining 19 flies remained unclear. Notably, C. kingi (54.01%) was the most prevalent species,
followed by C. imicola (44.55%). The abundance of Culicoides observed from January to late April (3505)
was significantly lower compared to the wet season (5355), with a marked increase in the capture

of C. kingi (2499) from May to late July. A statistically significant association (p < 0.05) was observed
between the occurrence of Culicoides and factors such as district, sampling point, and season. Spatial
analysis revealed that C. kingi had a broader range of suitability than other Culicoides species, with
high suitability observed in East Dembia. The diversity index analysis indicated that Culicoides species
diversity was higher in samples from animal pens (H=0.73) and during the wet season (H=0.75).
Additionally, this study documented the presence of eight Culicoides species namely C. corsicus, C.
kibunensis, C. reioxi, C. kiouxi, C. saharienines, C. desertorum, C. reithi, and C. festivipennis, which have
not been previously documented in Ethiopia. In conclusion, the study highlighted that the occurrence
of Culicoides species was higher in East Dembia, with moderate presence in Wegera and West
Armacho. Further research is needed to assess the impact of various Culicoides species on animal and
human health, as well as their economic implications, and to develop corresponding control strategies
based on these findings.
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Abbreviations

AHI Animal Health Institute

BT Bluetongue

BTV Bluetongue virus

GPS Global positioning system

IIKC Interactive Identification Key for Culicoides
IPM/IVM  Integrated Pest/Vector Management

OVI Onderstepoort Veterinary Institute

QGIS Quantum Geographic Information System
uv ultraviolet

The genus Culicoides, comprising over 1,000 species, is highly significant within the family Ceratopogonidae.
Commonly known as biting midges, members of the Ceratopogonidae family are dipteran flies belonging
to the suborder Nematocera. They are among the smallest and most abundant blood-feeding flies globally,
with sizes reaching up to 3 mm!*. The Ceratopogonidae family includes approximately 78 genera and over
4,000 documented species. This family is divided into four subfamilies: Leptoconopinae, Forcipomyiinae,
Dasyheleinae, and Ceratopogoninae. With the exception of Dasyheleinae, all subfamilies include species that
feed on vertebrate blood. Only four genera are known to prey on both humans and animals. Culicoidesincludes
the majority of globally problematic species and serves as a primary vector for animal-borne disease agents>*.

Globally, 1,368 species of Culicoideshave been identified. The ability of these vectors to transmit viruses can
be influenced by various environmental factors, including climate change®~’. This is further compounded by the
necessity for these species to primarily feed on ruminants and be present in large numbers. Consequently, only
a few species have been identified as potential or confirmed carriers of the blue-tongue virus (BTV) in different
geographical areas. For instance, in Africa, species such as C. imicola and C. bolitinos; in Asia, C. imicola and C.
fulvus; C. brevitarsis and C. fulvus in Australia; C. sonorensis in North America; and C. insignis and C. pusillusin
Central and South America have been implicated®. In Northern Europe, C. obsoletus and C. pulicariscomplexes
are associated with BTV transmission’. Female Culicoidesare hematophagous and serve as vectors for various
pathogens. They bite hosts such as amphibians, birds, mammals, and both wild and domestic animals to obtain
blood, which is necessary for egg maturation!®-12,

Culicoides is both a hematophagous insect and a vector for various viruses, filarial nematodes, and protozoa,
making it globally significant in veterinary health!*. Their role in transmitting viruses, bacteria, protozoa, and
nematodes is crucial'>%. Over 50 arboviruses, classified under the Bunyaviridae, Reoviridae, and Rhabdoviridae
families, have been identified in various Culicoidesspecies!'®. After ingesting infected blood from animals, these
viruses multiply in the midgut cells of female Culicoides, then migrate to the salivary glands and are transmitted
through subsequent biting episodes in animal hosts'. The propagation of BTV infection relies on the presence
of Culicoides, with factors such as species, population density, virus strain!®, and external conditions like
temperature!” influencing infection likelihood. Although reliable data on Culicoidesin Northwest Ethiopia is
lacking, existing research on the Ceratopogonidae family has predominantly focused on its role in transmitting
viruses such as African horse sickness, Bluetongue virus, and Schmallenberg virus>!>, Numerous studies have
also explored the presence, species composition, and geographical distribution of Culicoides'323.

In Ethiopia, several Culicoides species have been documented, including C. milnei, C. zuluensis, C. imicola,
C. neavei, C. fulvithorax, and C. isioloensis®*, C.fuscicaudaezs, and C. kingi, C. imicola, C. milnei, C. schultzeei, C.
zuluenesis, and C. pycnostictus®. The country faces recurrent and severe outbreaks of Culicoides-borne diseases.
Between 2007 and 2010, 737 outbreaks of African horse sickness (AHS) were reported?”. Serological evidence
for bluetongue (BT) exist?®*’but there is no molecular confirmation or isolation of Schmallenberg virus (SBV),
despite a high apparent seroprevalence of 56.6%°. The lack of data on BT and SBV in Northwest Ethiopia may
be due to misdiagnoses of other prevalent ruminant illnesses, such as foot and mouth disease (FMD), peste des
petits ruminants (PPR), lumpy skin disease, and sheep and goat pox, which present similar clinical symptoms>!.
Understanding the species composition and population abundance of Culicoides in a given area is crucial for
effective risk mitigation. Therefore, this study aimed to identify Culicoides species, map their spatial distribution,
and document their seasonal occurrences in selected districts within the Central, South, and West Gondar zones
of Northwest Ethiopia.

Materials and methods
Description of sample collection area
Samples were collected from six selected districts in the three Zones of Northwest Ethiopia: Central Gondar
(Chilga, Wegera, and East Dembia), West Gondar (Metema and West Armacho), and South Gondar (Fogera).
These districts were chosen for their unique geographical locations bordering neighboring countries and their
large animal populations. Chilga District is situated at latitude 12°32°52” N and longitude 37°3’48” E, at an
elevation of 2248 meters above sea level (m.a.s.l.). It features a mild climate with temperatures ranging from
temperate to warm, averaging 20°C year-round, and receives 1175 mm of annual rainfall*?. Wegera District
is located at latitude 12°52’5” N and longitude 37°39’47” E, with elevations ranging from 1100 to 3040 m.a.s.l.
The district experiences annual rainfall between 1000 to 1200 mm, with temperatures ranging from 14°C to
33°C. The rainy season extends from June to September, with peak rainfall occurring in July and August®. East
Dembia District, at latitude 12°40° N and longitude 37°10’ E, has an average elevation of 2053 m.a.s.l., an average
annual temperature of 28 °C, and receives annual rainfall ranging from 995 to 1175 mm?™.

Metema is located at latitude 12°58'N and longitude 36°12’E, with an elevation of 712 m above sea level.
Bordered by Sudan to the west, Chilga to the east, Tach Armacho to the northeast, and West Armacho to the
north, Metema is a key development corridor in the Amhara region. The area is characterized by fertile farms
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and large-scale cultivation of cash crops such as sesame, maize, cotton, and sorghum. The district has a total
population of 115,285, residing in both urban and rural areas**3>. West Armacho is situated at latitude 13°13°33”
N and longitude 36°26’21” E, with an elevation of 667 m above sea level. It experiences high temperatures,
averaging 38 °C, and high humidity at 78%. Daytime temperatures can soar up to 43 °C from March to May. West
Armacho is an agricultural region known for extensive farming, with a population of 34,473. It is bordered by
Metema to the south, Sudan to the west, Tigray Region to the north, and Central Gondar to the east>>.

Fogera District is located at latitude 11°56°59” N and longitude 37°35°9” E. It is bordered by Dera to the south,
Lake Tana to the west, Reb to the north, Ebenat to the northeast, and Farta to the east. The district’s altitude
ranges from 1774 to 2410 m above sea level, providing favorable conditions for extensive crop production and
livestock rearing. Fogera has an average annual temperature of 27 °C*’ (Fig. 1).

Description of laboratory processing areas
Culicoides were identified at the Veterinary Parasitology Laboratory of the University of Gondar. Species
identification and enumeration were performed at the Animal Health Institute (AHI) in Sebeta, Ethiopia.

Study design
A cross-sectional study design was employed between January and July 2023 to collect, classify, and ascertain the
occurrence and spatial dispersion of Culicoides in the study area.

Culicoides collection and identification

Culicoides collection

C Culicoides trapping was conducted in two distinct phases between January and July 2023. The initial
sampling round, from January to April 2023, covered the dry season, while the second round, from May to
July 2023, corresponded with the wet season following the rainy period. Ultraviolet (UV) light/suction traps,
manufactured by the Onderstepoort Veterinary Institute (OVI) in South Africa and powered by a 12 V car
battery, were used. The OVI trap has been recognized as an effective method for capturing a diverse range
and large quantity of Culicoides species®. These traps are equipped with UV lights to attract insects, gauze,
fans, and collection beakers. Trap deployment sites were carefully chosen to ensure that they were conducive
to Culicoides breeding, including locations near animal pens, indoors, outdoors, wetlands, and livestock farms.
Culicoides and other insects were collected in 500 ml beakers containing 250 ml of phosphate-buffered saline.
After collection, samples were stored at -4 °C for 15 min to immobilize the flies. Subsequently, the identified
Culicoides were preserved in cryovial tubes containing cotton and 70% ethanol to maintain their integrity for
species identification.

Identification of Culicoides spp
Culicoides species were initially distinguished from other insects by using a stereomicroscope at the Veterinary
Parasitology Laboratory of the University of Gondar. The identified Culicoides, preserved in cryovial tubes, were
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Fig. 1. Map of Culicoides collection sites (QGIS 3.22.6 software was used to draw).
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then transferred to the Animal Health Institute (AHI) for species classification and quantification. This was
done by examining their morphological characteristics under a stereomicroscope. Key distinguishing features
of Culicoides from other fly species include the size and shape of the antennae, wing pigmentation patterns,
vein alignment with the wings, and the arrangement of wing macrotrichia at both distal and proximal ends.
Additionally, the presence of grey and white spots in the anal region helps in identification. These distinctive
patterns are specific to each species and are readily observable using dissection microscopy. Specimens were
also mounted on slides and examined under a light microscope to assess morphological attributes such as
the shape, size, position, and number of female spermathecae (as male Culicoides lack spermathecae). Male
Culicoides exhibit hairy protrusions on the antennae, and particular attention was paid to ocular features, with
the compound eye and inter-eye distance serving as crucial identification markers. This included determining
whether the eyes were fused or separated by one or two facets. Furthermore, the ratio of antennae length,
specifically segment XI divided by segment X, was calculated. The maxillary palps, consisting of five segments,
were examined for variations in the shape of the third segment, which can be cylindrical, triangular, swollen,
moderately swollen, or slender. Finally, all observed characteristics were compared with images in the Interactive
Identification Key for Culicoides (IIKC) database developed by Mathieu et al*.

Spatial distribution of Culicoides

For spatial distribution analysis, geographic coordinates were recorded using a global positioning system (GPS)
or smartphones, specifying latitude and longitude. A table joint technique was used to present the collected data
on Culicoides species from both the dry and wet seasons. The spatial distribution model was developed using
QGIS software, version 3.26.2.

Data management and analysis

The data collected from each location were documented using Microsoft Excel (2019). Descriptive statistics,
expressed as percentages, were used to present the number of species obtained at each sampling location and
during different seasons. The Shannon diversity index and Shannon equitability index were employed to measure
the diversity and evenness of Culicoides species at sampling points and across seasons. Statistical significance
was assessed using Poisson regression, with a p-value <0.05 considered significant. A spatial distribution map
was created using QGIS software, version 3.26.2.

Results

Entomological survey

In the present study, 8,857 Culicoides were collected from 44 collection locations. A total of twelve Culicoides
species were identified, encompassing 8,838 individuals. Additionally, nine Culicoides specimens were of
unknown classification. Ten of the identified Culicoides showed similarity with C. pole and C. festivipennis.
Notably, Culicoides kingi was the most prevalent species, accounting for 4,784 (54.01%), followed by C. imicola
(3946; 44.55%). The abundances of the remaining species were as follows: C. reithi (60; 0.78%); C. desestrum (23;
0.26%); C. corsicus (14; 0.158%); C. festipennis (5; 0.056%); C. reioxi (3; 0.034%); C. kibunensi (1; 0.011%); C.
kiouxi (1; 0.011%); and C. saharienines (1; 0.011%). Additionally, the distribution of Culicoides across different
districts revealed that East Dembia yielded the highest number of Culicoides, with 5,968 (67.38%), followed by
Fogera with 822 (9.28%), Metema with 687 (7.76%), West Armacho with 592 (6.69%), Wegera with 447 (5.04%),
and Chilga with 341 (3.85%). There was a statistically significant association (p < 0.05) between the distribution
of Culicoides and districts. The results also indicated that the diversity of Culicoides species was higher and more
evenly distributed in samples collected from East Dembia (EH=0.32) (Table 1).

The results in Table 2 show that the majority of Culicoides (6,790; 76.7%) were collected in the vicinity of
animal pens. A statistically significant association was observed (p <0.05) between the number of Culicoides
collected and the sampling points. The results also indicated that the diversity of Culicoides species was higher
in samples collected from animal pens (H=0.73) (Table 2).

Seasonal occurrence and spatial distribution of Culicoides

During this investigation, all 12 Culicoides species were observed during the dry season. However, the quantity
of Culicoides collected during the dry season (3,505) was significantly lower than that collected during the
wet season (5,355), with a statistically significant association (p <0.05). C. kingi emerged as the most prevalent
species captured during the dry season. In addition, five Culicoides species were identified during the wet season,
with C. imicola emerging as the predominant species (52.25%), followed by C. kingi (46.67%). The diversity of
Culicoides species was higher in the wet season (H=0.77) compared to the dry season (H=0.75) (Table 3).

The findings presented in Fig. 2 illustrate the spatial distribution of C. kingi during both the wet and dry
seasons. During the dry season, C. kingi was most predominant in East Dembia, followed by Metema and Mirab
Armacho. In the wet season, C. kingi showed a preference for East Dembia, followed by Fogera and Wegera.
Similarly, Fig. 3 shows that C. imicola had a higher presence in East Dembia during the dry season, followed
by Metema and Chilga. However, in the wet season, C. imicola was most prevalent in East Dembia, followed by
Fogera and Metema.

The results presented in Fig. 4 show that during the dry season, C. desertorum was most prevalent in West
Armacho, followed by East Dembia. However, during the wet season, the presence of C. desertorum favored East
Dembia.

The findings presented in Fig. 5 demonstrate that C. reithi was most prevalent in Mirab Armacho, followed
by East Dembia during the dry season. Additionally, the presence of C. reithi was more pronounced in Wegera,
followed by East Dembia, during the wet season.
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Districts
Culicoides species East Dembia | Metema | West Armacho | Chilga | Wegera | Fogera | Total (%)
C. kingi 3,096 409 341 177 287 474 4,784 (54.01%)
C. imicola 2,815 273 238 153 130 337 3,946 (44.55%)
C. corsicus 14 0 0 0 0 0 14 (0.158%)
C. kibunensis 1 0 0 0 0 0 1(0.011%)
C. reioxi 3 0 0 0 0 0 3(0.034%)
C. kiouxi 1 0 0 0 0 0 1(0.011%)
C. saharienines 1 0 0 0 0 0 1(0.011%)
C. desertorum 10 0 13 0 0 0 23 (0.26%)
C. reithi 14 5 0 11 25 5 60 (0.78%)
C. festipennis 0 0 0 0 5 0 5 (0.056%)
C. undifiend spp 3 0 0 0 0 6 9(0.101%)
Similarity with C. paole & C. festivipennis | 10 0 0 0 0 0 10 (0.112%)
Total (%) ?69'?;;%) (6;;.772%) ?69.26;%) (385%) Z‘é‘.ﬁlm ?92.22;%) 8,857 (100%)

Table 1. Culicoides species collected across the study sites. Analysis was performed using Poisson regression;
compared with the districts, *p < 0.001 Shannon diversity index value; (East Dembia = 0.76; Metema = 0.71;
West Armacho = 0.77; Chilga = 0.81; Wegera = 0.86; Fogera = 0.75) Shannon equitability index value; (East
Dembia = 0.32; Metema = 0.65; West Armacho = 0.70; Chilga = 0.74; Wegera = 0.62; Fogera = 0.54)

Sampling point
Culicoides species Indoor | Animal pen | Outdoor on field | Total count
C. kingi 287 3,570 927 4,784
C. imicola 130 3,152 664 3,946
C. corsicus 0 14 0 14
C. kibunensis 0 1 0 1
C. reioxi 0 3 0 3
C. kiouxi 0 1 0 1
C. saharienines 0 1 0 1
C. desertorum 0 10 13 23
C. reithi 25 19 16 60
C. festipennis 5 0 0 5
C. undifiend spp 0 9 0 9
Similarity with C. paole & C. festivipennis | 10 0 0 10
Total 447% 6,790 1,620% 8,857

Table 2. Culicoides species collected at different sampling points. Analysis was performed using Poisson
regression; compared with the sampling points, *p <0.001 Shannon diversity index value; (Indoor = 0.94;
Animal pen = 0.75; Outdoor = 0.77) Shannon equitability index value; (Indoor =0.58; Animal pen = 0.33;
Outdoor = 0.56)

Furthermore, the distribution of C. corsicus was most prevalent in East Dembia, as shown in Supplementary
Fig. 1. Additionally, C. festivipennis was most prevalent in Wegera (Supplementary Fig. 2). An unknown
Culicoides species was most predominant in Fogera during the dry season (Supplementary Fig. 3). Moreover, C.
riouxi was exclusively detected in East Dembia during the wet season (Supplementary Fig. 4).

Discussion

During the study period, a total of 8,857 Culicoides were captured across 44 trapping sites. Of these, 8,838 were
classified into 12 distinct species, while the remaining nine Culicoides could not be identified to species level.
Among the identified species, ten exhibited similarities to C. paole and C. festivipennis, with C. kingibeing the
most prevalent at 54.01%. This contrasts with an investigation by Fetene et al?®., which found C. imicola to be
more abundant than C. kingi. Morphological assessment in the present study confirmed the presence of 12
Culicoides species in the study areas. Notably, C. kingiwas the most frequently collected species, accounting
for 4,784 individuals (54.01%). This finding diverges from previous studies in sub-Saharan Africa by Sghaier et
al’l,, Gordon et al*2,, and Guichard et al*. which identified C. imicolaas the predominant species. Additionally,
Mulatu and Hailu?* documented the presence of C. imicola, C. milnei, C. neavei, C. zuluensis, C. fulvithorax, and
C. isioloensisin Western Ethiopia, while Khamala and Kettle? reported C. fuscicaudaein West Africa. Fetene et
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Dry season Wet season
Culicoides species Total number (%) | Total number (%)
C. kingi 2,284 (65.2%) 2,499 (46.67%)
C. imicola 1,148 (32.8%) 2,798 (52.25%)
C. corsicus 14 (0.4%) 0
C. kibunensis 1 (0.028%) 0
C. reioxi 1(0.028%) 2(0.037%)
C. kiouxi 1 (0.028%) 0
C. saharienines 1 (0.028%) 0
C. desertorum 19 (0.54%) 4 (0.074%)
C. reithi 12 (0.34%) 52 (0.97%)
C. festipennis 5(0.143%) 0
C. undifiend spp 9 (0.26%) 0
Similarity with C. paole & C. festivipennis | 10 (0.285) 0
Total 3,505 (100%) 5,355 (100%)*

Table 3. Culicoides species collected during the different seasons. Analysis was performed using Poisson
regression; compared with the season, *p < 0.001 Shannon diversity index value; (Dry = 0.77; Wet = 0.75)
Shannon equitability index value; (Dry = 0.31; Wet = 0.47)
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Fig. 2. Density of C. kingi occurrence during the dry and wet seasons (QGIS 3.22.6 software was used).

al?. also identified C. kingi, C. schultzei, and C. pycnostictus, in various Ethiopian regions. However, the current
study revealed eight Culicoides species not previously documented in Ethiopia: C. corsicus, C. kibunensis, C.
reioxi, C. kiouxi, C. saharienines, C. desertorum, C. reithi, and C. festivipennis.

The current investigation identified East Dembia as the most favorable area for the presence of Culicoides
species. This finding of ecological preference aligns with research conducted by Blanda et al'’.. in Italy. Our
study presents the results of a spatial distribution methodology used to assess the abundance of key Culicoides
vector species by analyzing a substantial number of collections across both dry and wet seasons. Culicoides were
significantly more abundant in the East Dembia, Fogera, and Metema districts, while lower levels were observed
in Mirab Armacho, Wegera, and Chilga. Various factors potentially influence the distribution of Culicoides
species, including biotic elements (such as vegetation, human activities, and the presence of other animals) and
abiotic factors (such as light, soil composition, water sources, air quality, and climatic conditions), along with
other variables that may vary between macrohabitats and microhabitats.
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Fig. 5. Density of C. reithi occurrence during the dry and wet seasons (QGIS 3.22.6 software was used).

In the current study, during the dry season in East Dembia, C. kingi had an average occurrence ranging
from 39.3 to 629.3, followed by C. imicola with an average range of 17.5 to 296.3. During the wet season, C.
imicola had an average occurrence ranging from 52.4 to 642, while C. kingi ranged from 87.8 to 402.7. The
study found that the occurrence of Culicoides was higher during the wet season compared to the dry season,
with the association being statistically significant (p <0.05). C. kingi was the most prevalent species captured
during the dry season, while C. imicola emerged as the predominant species during the wet season. The observed
seasonal discrepancies might be attributed to the presence of favorable conditions that support the existence
and development of Culicoides. Additionally, soil type appears to be crucial in determining the distribution and
abundance of C. imicola, and climatic variables such as mean annual minimum and maximum temperatures and
mean annual rainfall were found to influence its occurrence. Similar findings have been reported by Ander et
al*l, Gordon et al*2, Fetene et al*®., and Carpenter et al'”.. C. imicola has a broad global distribution, extending
from South Africa to regions including the Mediterranean, Middle East, and Far East. However, certain areas
show low densities or complete absence of C. imicola*?, indicating a patchy distribution pattern for this species.

The spatial distribution analysis identified East Dembia as the most favorable area for the presence
of Culicoides species. This ecological preference aligns with findings from Blanda et al'’.. conducted in
Italy, suggesting a correlation with specific biotic or abiotic factors in different districts. The geographical
location of East Dembia, particularly its proximity to Lake Tana, likely contributes to its suitability for most
Culicoides species. Additionally, the Metema and Mirab Armacho districts were identified as favorable sites
for some Culicoides species, potentially due to their high temperatures and proximity to the Sudan border.
Other factors influencing the distribution patterns of Culicoides include vegetation, animal presence, and
microclimatic conditions such as altitude, temperature, and precipitation. Previous research has shown that
the spatial distribution of Culicoides species. can be affected by diverse climatic zones**and local factors like
livestock management practices. Additionally, studies have explored the impact of seasonal and meteorological
parameters on Culicoides activity?***>and generated risk maps based on habitat attributes?®-*%. For example, a
correlation has been identified between the spread of bluetongue disease and specific landscape characteristics
such as woodlands and open grasslands®.

Conclusion and recommendations

In the present study, C. kingi and C. imicola emerged as the predominant Culicoides species. The occurrence of
Culicoides species was found to be higher during the wet season. There was a statistically significant association
between Culicoides occurrence and season, sampling point, and districts. Additionally, East Dembia was
identified as the most favorable area for the occurrence of Culicoides species. The study also revealed that the
diversity of Culicoides species was higher in samples collected from animal pens and during the wet season.
Further research is needed to explore the impact of various Culicoides species on both animal and human
health, as well as their economic implications. Corresponding control strategies should be developed based on
these findings.
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