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Abstract

Culicoides are small hematophagous biting midges belonging to the family Ceratopogonidae. The genus is distributed world-
wide yet remains poorly studied. This study investigated the vector and host specificity of Culicoides oxystoma, a species
of significant relevance to the surveillance of vector-borne diseases in Tunisia and globally. The research was conducted in
two Tunisian governments: Tozeur and Kairouan. A total of 24,366 adult midges were collected using two types of suction
traps: the Center for Disease Control trap and the Onderstepoort Veterinary Institute trap. Females of Culicoides oxystoma
were isolated, carefully dissected, and slide mounted in a phenol alcohol balsam mixture. A portion of the abdomen was
excised for total DNA extraction to identify the origin of the blood meal. A total of 108 engorged females were analyzed
using polymerase chain reaction (PCR) to amplify specific fragments of the cytochrome b gene, followed by sequencing
and sequence analysis. However, DNA sequences were successfully obtained for only 56 individuals. Sequence analysis
revealed that the midges fed on a variety of mammalian hosts, including humans, with a prevalence of Mus musculus and
Bos taurus. This represents the first study aiming to identify a wide range of hosts in Tunisia and North Africa, providing
valuable insights into the hosts utilized by Culicoides oxystoma for blood feeding.
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Introduction

The genus Culicoides (Diptera: Ceratopogonidae) comprises
small hematophagous dipterans, significant due to their abil-
ity to transmit viral pathogens. These include Bluetongue
virus (BTV), African horse sickness virus (AHS), epizo-
otic hemorrhagic disease virus (EHD), equine encephalitis
virus (EEV), Akabane virus (AKAV), Schmallenberg virus

Section Editor: Van Lun Low

Clinical trial number Not applicable.

<] Hamouda Babba
hamouda.babba@rns.tn

Faculté de Pharmacie, Laboratory of Parasitology-Mycology
Medical and Molecular, Université de Monastir,
LR12ES085000 Monastir, Tunisia

Food and Agriculture Organization (FAO), Subregional
Office for North Africa, Les Berges du Lac 1, 1053 Tunis,
Tunisia

Laboratory of the Maternity, Neonatology Center
of Monastir, Monastir, Tunisia

Published online: 05 March 2025

(SBV), bovine ephemeral fever virus (BEFV), Palyam virus,
and Oropouche virus (OROV) (MacLachlan and Guthrie
2010). Notably, AHSV and BTV are classified as World
Organization for Animal Health (WOAH) list A pathogens
due to their substantial global impact (WOAH 2021). In
addition, certain Culicoides species also transmit microbial
and parasitic pathogens, such as Leishmania spp. (Slama
et al. 2014) and Hemoproteus spp. in birds (Martinez-de
la Puente et al. 2011; Santiago-Alarcon et al. 2012). Only
female Culicoides feed on blood, which provides protein
for egg production. Tunisia is considered endemic for BTV,
with numerous strains circulating, including serotypes 1, 2,
3, 4, and 26, as well as two novel strains, BTV-Y TUN2022
and BTV-W TUN2022 (Thabet et al. 2024).

To date, more than 1347 species of biting midges have
been described globally (Borkent and Dominiak 2020),
with 35 confirmed species in Tunisia (Slama et al. 2016).
Among these species, Culicoides imicola is recognized as
the primary vector of Bluetongue virus (BTV) in the Medi-
terranean Basin, playing a central role in the epidemiology
of the disease. Its ability to adapt to various environmental
conditions and its high abundance in areas with significant
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livestock populations contribute to its effectiveness in trans-
mitting the virus. However, it is important to note that other
Culicoides species are also implicated in the transmission
of a variety of pathogens in the Mediterranean region. For
instance, species such as Culicoides newsteadi, Culicoides
paolae, Culicoides circumscriptus (Foxi et al. 2019), and
Culicoides oxystoma (Thabet et al. 2023) have been identi-
fied as vectors of other important viruses, including BTV
and EHDV. These species, although secondary in terms of
their role in BTV transmission, contribute to the overall vec-
torial capacity in the region, complicating control measures
and surveillance efforts.

Culicoides oxystoma is recognized as a potential arbo-
virus vector in various geographic regions, including the
Palearctic, Saharan-Arabic, Oriental, Austral, and Senegal
(Mullen and Murphree 2019). In the Afrotropical region, it
is notably abundant in the Niayes region, showing aggres-
sive feeding behavior toward horses (Diarra et al. 2014).
Previous studies have reported its role as a BTV vector in
India (Dadawala et al. 2012) and Thailand (Fujisawa et al.
2021), and its involvement in the transmission of Akabane
virus in Japan (Kurogi et al. 1987; Yanase et al. 2005). Fur-
thermore, C. oxystoma is suspected of transmitting Afri-
can horse sickness in conjunction with C. imicola (Riddin
et al. 2019). Recent research in southern Thailand has also
detected Leishmania (Mundinia) martiniquensis and Leish-
mania (Mundinia) orientalis in C. oxystoma populations
(Songumpai et al. 2022).

From an epidemiological perspective, understanding the
spread dynamics of these diseases and the re-emergence of
outbreaks in Tunisia requires investigating the interaction
between pathogens, vectors, and susceptible hosts. Research
in Tunisia has primarily focused on faunal surveillance (Slama
et al. 2016; Sghaier et al. 2017), but the host preferences of
species like C. oxystoma are not yet well understood.

To better understand vector—host relationships, it is cru-
cial to identify the vertebrate hosts on which Culicoides
feed. Environmental factors influence the activity patterns
of Culicoides, leading to variations in feeding frequency
depending on species and conditions (Feitoza et al. 2023).
Host availability plays a critical role in the feeding behav-
ior of biting midges, with most Culicoides species being
mammalian and/or ornithophiles, though some also feed on
reptiles (Borkent 2005).

Studying the dynamics of pathogen transmission by
Culicoides necessitates understanding their interactions
with vertebrate hosts through molecular methods that
allow identification of the blood meal’s taxonomic origin.
Genes commonly used in these molecular analyses include
cytochrome c oxidase subunit I (COI), cytochrome b (Cyt-
b) (Townzen et al. 2008; Reeves et al. 2018), 16S ribosomal
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RNA (16S rRNA) (Tomazatos et al. 2020), and the PNOC
gene (Kamyingkird et al. 2023).

In Europe, molecular identification of vertebrate hosts
for Culicoides species has revealed a diverse range of
hosts for 31 Culicoides species, with a total of 33 avian
species and 12 mammal species identified (Martinez-de
la Puente et al. 2015). Similarly, a study by Slama et al.
(2015) on the trophic preferences of Culicoides species in
Tunisia also indicated that these midges feed on a wide
variety of hosts.

This study aims to (i) investigate the epidemiological
role of C. oxystoma in Tunisia and (ii) specifically iden-
tify the blood meals of engorged female C. oxystoma, a
species recently recorded for the first time in Tunisia, to
enhance understanding and assist with managing future
epidemics.

Materials and methods
Study sites and field sampling

Culicoides midges were collected in two distinct regions of
Tunisia (Fig. 1). The first site Kairouan, located in central
Tunisia, was sampled in May 2014 and November 2015.
This region covers an area of 6712 km? and has a population
of 570,559 people. It has an annual rainfall ranging from 250
to 400 mm, with a semiarid climate characterized by hot,
dry summers and cold, humid winters. The second region,
Tozeur, located in the southwest of the country along the
Tunisian—Algerian border, was sampled in October 2021.
The area spans 5600 km? and is characterized by a desert-
like climate: the average temperature is 23 °C, with precipi-
tation varying between 0.7 and 10.7 mm, depending on the
specific location.

The population is predominantly rural, and all collec-
tions were made in human-inhabited areas with domestic
animals (such as cattle, horses, dogs, goats, and chickens)
and in muddy environments formed around livestock water-
ing points.

Two types of light traps were employed: a custom-
made miniature CDC (Centre of Disease Control, Atlanta,
USA) trap in Kairouan, and an OVI (Onderstepoort Veter-
inary Institute, South Africa) light/suction trap in Tozeur.
The traps were set up at sunset and placed outdoors near
sheep and cattle herds and irrigation systems. The sam-
ples were collected at sunrise the following day. The cap-
tured insects were then preserved in 70° ethanol in the
dark to maintain the morphological details required for
identification.
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Fig. 1 Map of the study area, including the regions of Kairouan and Tozeur

Morphological identification

Morphological identification was performed according to
the identification keys described by Delecolle (1985) and
Mathieu et al. (2012). In addition, for the identification
of C. oxystoma, the criteria from previous studies were
applied (Bakhoum et al. 2013; Slama et al. 2021). Culi-
coides individuals were dissected for morphological iden-
tification under a stereomicroscope. The head, wings, and
genitalia were slide-mounted in a phenol alcohol balsam
mixture for observation. Some Culicoides species, such as
Culicoides circumscriptus, C. paolae, C. saevus, and C.
puncticollis, do not require dissection, as they can be eas-
ily identified under a stereomicroscope. The females were
age graded according to Dyce (1969). All engorged female
abdomens were stored individually at—20 °C in sterile
microcentrifuge tubes (Eppendorf, Hamburg, Germany)
prior to DNA extraction.

Molecular analysis
DNA extraction

DNA extraction from the abdomens of engorged female
C. oxystoma was performed using the Qiamp DNA mini

kit (Qiagen GmbH, Hilden, Germany) according to the
manufacturer’s instructions. A manual grinding step was
carried out using a sterile pestle. The extracted DNA was
eluted in a final volume of 150 pl of AE buffer.

Molecular analysis of blood meal

All PCR tests were performed in a final volume of 50 pl,
with 15 to 20 ng of extracted DNA (or control DNA from
male Culicoides and sterile distilled water), 0.2 mM
dNTPs (dATP, dCTP, dGTP, dTTP), 1 X buffer con-
taining MgCl2, 0.4 pmol/pl of each primer, and 2 U of
DreamTaq DNA polymerase (Thermo Fisher Scientific).
The primer sequences used for detecting mitochondrial
DNA (mtDNA) were described previously (Kocher et al.
1989). Amplification was carried out in a Mini Amp ther-
mal cycler with the following program: 95 °C for 10 min;
40 cycles of 94 °C for 30 s, 52 °C for 30 s, and 72 °C for
45 s; and, finally, 72 °C for 5 min (Kocher et al. 1989;
Slama et al. 2015).

Five microliters of each amplified product was analyzed
in a 1.5% agarose gel stained with 5 pul of ethidium bro-
mide. The target DNA was observed using an ultraviolet
transilluminator. The PCR product of the Cyt-b gene was
approximately 359 bp in length.

@ Springer
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Fig.2 Wings of female Culicoides kingi (left) and Culicoides oxystoma (right) collected from Tunisia

Sequence analysis

The Cyt-b gene amplicons were subjected to direct sequenc-
ing using the same primers of the PCR assay (CarthaGenom-
ics Advanced Technology, Tunisia). The obtained sequences
were edited using Chromas software version 2.33 (http://
www.technelysium.com.au/chromas.html) and identified by
comparing them with the sequences available in GenBank
through the Basic Local Alignment Search Tool (BLAST)
(www.ncbi.nlm.nih.gov/blast/). A species was considered
correctly identified if the sequence matched at least 98%
identity with those in GenBank.

Statistical analysis
The proportion of engorged females associated with each

host species was calculated using the following proportion
formula:

main vector of Bluetongue virus (BTV) in Tunisia, was not
detected in this region. In contrast, in Kairouan, a total of
1190 Culicoides were collected between May 2014 and
November 2015, with the most common species being C.
imicola (35%) and C. kingi (30%), and with C. oxystoma
representing 7% of collected midges.

During this study, additional Culicoides species, which
are not included in the current results, were collected (65%
from Tozeur and 5% from Kairouan). These specimens will
undergo comprehensive morphological and molecular analy-
sis to contribute to the development of a more comprehen-
sive and updated checklist of Culicoides species in Tunisia.

The overall parity rate was relatively low, with an aver-
age of 18.9% (Fig. 3), suggesting a predominantly young
population of Culicoides. A conspicuous spike in the num-
ber of nulliparous females (Fig. 3) indicates that they have
recently emerged, which means that the larval habitats are
likely close to the traps.

Number of C.oxystoma engorged on host species A

Proportion of Host Species A =

Total Number of engorged C.oxystoma collected

Data visualization was performed using RAW Graphs
(https://rawgraphs.io/) which allowed for the creation of a
circular layout (chord diagram) to effectively illustrate the
relationships between sites and hosts.

Results

Morphological identification

The catches confirmed the presence of C. oxystoma at both
study sites (Tozeur and Kairouan). In Tozeur, a total of
23,176 Culicoides were collected in October 2021, with 95%

of them belonging to the Schultzei group, predominantly
C. kingi and C. oxystoma (Fig. 2). Notably, C. imicola, the

@ Springer

Molecular identification

Among the 24,366 Culicoides captured in this study, 1345
were engorged females. This group included 108 engorged
C. oxystoma (103 from Tozeur and 5 from Kairouan).
Amplification of the Cyt-b gene from DNA extracts of these
engorged females resulted in successful amplification for
56 individuals (51.85%), including 52 from Tozeur and 4
from Kairouan, as indicated by a single band of 359 bp. All
PCR products that tested positive for Cyt-b amplification
were subjected to sequencing. The resulting chromatograms
showed a single signal, indicating that these insects had fed
on a single host. To identify the host species, the sequences
obtained were compared with those available in GenBank
using BLAST (Basic Local Alignment Search Tool). The
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Fig.3 Parity rate of Culicoides females, indicating the proportion of age-grading of Culicoides collected in Tunisia

comparison revealed three vertebrate species as hosts: Mus
musculus, Bos taurus, and Homo sapiens.

In Tozeur, Mus musculus was the most common host spe-
cies, accounting for 71% (n=37) of the total number, fol-
lowed by Bos taurus at 25% (n=13), and Homo sapiens at
4% (n=2). The engorged females of C. oxystoma collected
in the Kairouan showed a preference for Bos taurus (100%;
n=4) (Fig. 4).

Discussion

The identification of species composition and the detec-
tion of host blood are important steps in controlling the
spread of emerging Culicoides species and the pathogens
they transmit. Monitoring Culicoides species is crucial to
preventing the introduction of new pathogens into regions
where they were previously absent.

This study provides valuable insights into the feeding
behavior of C. oxystoma in Tunisia, though certain limita-
tions should be considered when interpreting the results.
Sampling biases related to the small sample size, specific
sampling methods, and sampling periods may influence the
accuracy of our findings. The limited sample size may not
fully reflect the diversity and feeding preferences of C. oxys-
toma populations under various environmental conditions.
Additionally, the use of light traps, particularly OVI and

CDC traps, may selectively attract certain species or indi-
viduals, potentially underrepresenting species or physiologi-
cal states that are less responsive to these traps. For example,
the low capture rate of engorged females (3%) is consistent
with findings from France (Garros et al. 2011), Germany
(Bartsch et al. 2009), and Denmark (Lassen et al. 2010), but
contrasts with the higher capture rates observed when alter-
native methods, such as oiled paper in nests (Votkaa etal.
2009), are employed. This highlights the need for a diverse
range of complementary sampling methods in future studies
to minimize bias and improve representativeness. The timing
and duration of sampling also play a crucial role. Our study
was conducted within a limited timeframe, which may not
account for seasonal fluctuations in Culicoides populations
and their feeding behavior. Extending sampling periods cov-
ering different seasons and climatic conditions could reveal
shifts in host preferences and abundance, enhancing our
understanding of C. oxystoma ecology.

Environmental conditions play a critical role in the dis-
tribution, abundance, and feeding behavior of Culicoides
species. Factors such as temperature, humidity, vegetation,
and water availability significantly influence their breed-
ing and feeding activity. In this study, the dominance of C.
oxystoma and C. kingi in the arid Tozeur region highlights
their adaptability to dry environments, whereas the presence
of C. imicola in Kairouan suggests a preference for wetter
conditions.

@ Springer



27 Page 6 of 9

Parasitology Research (2025) 124:27

Fig.4 Origin of blood meals in
Culicoides oxystoma, identify-
ing the animal hosts from which
the females obtain their blood
meals

Host availability and density are also decisive factors in
shaping feeding habits. In Tozeur, the trap was set close to
the ground, probably explaining the high prevalence of the
small mammal Mus musculus from blood meal analyses.
This finding is consistent with previous studies based on
traps set at various altitude (Votkaa et al. 2009; Bobeva
et al. 2015). Although we observed only two instances of C.
oxystoma feeding on humans, this observation aligns with
results from Thailand (Gomontean et al. 2023), suggesting
that while C. oxystoma does not prefer primarily human
hosts, it cannot be excluded as a potential vector of human
pathogens, such as the Oropouche virus. Further research
into the vector competence of C. oxystoma for pathogens
such as epizootic hemorrhagic disease virus (EHDV) and
others is warranted, especially considering that 95% of
midges collected in Tozeur belonged to C. kingi and C.
oxystoma (Thabet et al. 2023). In contrast, the detection of
C. imicola feeding on livestock in Kairouan reinforces its
established role as the primary vector of Bluetongue virus
in Tunisia. Future studies should focus on quantifying host
densities and analyzing their spatial distribution to establish
clearer links between host availability and feeding prefer-
ences. In the Kairouan region, a low number of samples
were collected via CDC traps, a method that may be less
efficient than OVI traps for capturing C. oxystoma. Con-
versely, C. imicola accounted for 35% of the total midges
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collected. In terms of trapping efficiency, the OVI light trap
was more effective than the CDC trap, capturing 77.18%
of all the samples. This finding is consistent with previous
studies (Viennet et al. 2011) which confirms that OVI traps
are the most effective for collecting Culicoides species in
the Palearctic region.

The successful amplification of vertebrate DNA in
51.85% of engorged females via the Cyt-b gene highlights
the utility of this marker for blood meal analysis. The Cyt-b
gene is widely used to identify blood meals due to its high
sensitivity for PCR detection and the substantial interspe-
cific genetic variation at this locus (Boakye et al. 1999; Ngo
and Kramer 2003; Townzen et al. 2008; Bartsch et al. 2009;
Ernieenor et al. 2012; Kamyingkird et al. 2023). Further-
more, the availability of over 8000 Cyt-b gene sequences
in the GenBank database (Parson et al. 2000) increases
the reliability of this method. The blood meal preferences
of Culicoides species vary depending on the species, host
availability (Bakhoum et al. 2016), geographical region, and
specific primers used for identification (Hadj-Henni et al.
2015). Understanding host preferences is crucial for iden-
tifying potential hosts susceptible to pathogens transmitted
by Culicoides. Several previous studies on host preferences
have been conducted, for example, in Spain (Martinez-De
La Puente et al. 2012), France (Ninio et al. 2011), Germany
(Bartsch et al. 2009), Tunisia (Slama et al. 2015), Romania
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(Townzen et al. 2008), Serbia (Vasié et al. 2019), Brazil
(Carvalho et al. 2021), Slovakia (Kasicova et al. 2021), Thai-
land (Kamyingkird et al. 2023), and South Africa (Snyman
et al. 2021). Host availability plays a pivotal role in shaping
the blood-feeding behavior of Culicoides species, which in
turn influences pathogen transmission. As shown in previ-
ous researches, factors such as environmental conditions,
anthropogenic activities, and host density can lead to shifts
in host preference and blood-feeding behavior (Pettersson
et al. 2013; Santiago-Alarcon et al. 2013; Jacquot et al. 2017,
Farias et al. 2020).

Using blood meal DNA for host identification may be
affected by its possible degradation and by the small amount
of blood in insect abdomens. In our study, 48.15% of the 108
individuals analyzed did not yield identifiable blood meal
sources. However, the inability to identify the origin of the
blood meals underscores potential limitations, such as DNA
degradation during storage (Ninio et al. 2011), insufficient
representation of certain hosts in genetic databases, or inges-
tion of vertebrate hemolymph. These challenges highlight
the need for standardized protocols for sample storage and
the expansion of genetic reference databases to improve the
accuracy of blood meal identification.

This study is the first in Tunisia to identify the diverse
host range of C. oxystoma, contributing to the growing
knowledge on the feeding ecology of Culicoides in North
Africa. These findings are crucial for understanding the role
of C. oxystoma in pathogen transmission and for develop-
ing targeted vector control strategies. Identifying the most
important hosts and understanding their spatial distribution
can provide insights for measures such as targeted insec-
ticide use or habitat modification to reduce vector—host
interactions.

Conclusion

A comprehensive understanding of the biology and ecology
of Culicoides species is essential for predicting and control-
ling the spread of pathogens. This study provides valuable
insights into C. oxystoma, a species recently incriminated as
a vector of EHDV in Tunisia, showing significant variations
in its geographic distribution.

For the first time in Tunisia, we have highlighted the pref-
erence of C. oxystoma for rodents (Mus musculus), rami-
nants (Bos taurus), and humans. However, these findings
also suggest that C. oxystoma may exhibit an opportunistic
feeding behavior, though further studies are needed to clarify
these patterns across different environments. Furthermore,
we acknowledge that host preferences may vary depend-
ing on geographic location, seasonality, and environmen-
tal conditions which could influence pathogen transmis-
sion dynamics. While our results offer valuable insights,

we acknowledge the limitations of the study, including the
relatively small sample size and the need for broader geo-
graphic and temporal data to validate the observed patterns.
Additionally, the relationship between host preferences and
pathogen transmission remains complex and warrants fur-
ther investigation.

This study lays the groundwork for future research that
could refine predictive models of pathogen transmission,
contributing to the development of more effective veterinary
emergency plans and vector control strategies. By adopting
a holistic approach, we hope to provide a framework for
ongoing studies aimed at further exploring the diversity of
Culicoides species, their ecological drivers, and their role in
the transmission of vector-borne diseases.
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