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Abstract

A thorough knowledge of the presence and spatio-temporal distribution patterns of vector species are pivotal to assess 
the risk of mosquito-borne diseases in Europe. In 2018, a Culex larva was collected during routine monitoring activities 
to intercept exotic Aedes mosquito species in the port of Antwerp (Kallo, Belgium). The larva, collected from a pond in 
mid-September, was morphologically identified as Culex modestus, and this identification was subsequently confirmed 
by COI barcoding. It is the first confirmed record of this West Nile virus bridge vector in Belgium. The present study also 
demonstrates the value of DNA-based identification techniques to validate the presence of potential vector species.
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Introduction

Mosquitoes are notorious for their ability to transmit several pathogens of human diseases, and high costs are usually 
associated with the implementation of prevention and control strategies, health care, loss of economic productivity 
or recreational activities (Roiz et al. 2018; Thompson et al. 2020). Main factors contributing to the (re-)emergence 
of diseases caused by mosquito-borne pathogens are increased globalisation (causing introduction of exotic vectors 
and/or pathogens), altered landscape management (e.g. wetland restoration, urbanisation), changing socioeconomic 
behaviour and climatic changes (Becker 2008; Randolph & Rogers 2010; Roiz et al. 2015; Rochlin et al. 2016). In 
this context, thorough knowledge of mosquito diversity is crucial to assess the current and future risks of the local 
transmission of pathogens (Versteirt et al. 2013; Medlock et al. 2015; Calzolari 2016). For example, local chikun-
gunya and dengue fever outbreaks in southern Europe resulted from local transmission of travel-related arboviruses 
by the established exotic vector species Aedes albopictus (Skuse) (ECDC 2018). Also, several indigenous European 
mosquito species can transmit mosquito-borne pathogens, such as West Nile, Tahyna, Sindbis, Batai and Inkoo vi-
ruses (Lundström 1999; Hubálek 2008).
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In Europe, West Nile virus (WNV) has been showing a strong resurgence since 1996 (Hubálek & Halouzka 
1999; Zeller & Schuffenecker 2004). From 2010 onwards, WNV has engendered a permanent public health prob-
lem in Europe (Papa et al. 2010; Zeller et al. 2010; Ziegler et al. 2019). Its suspected or proven main vectors in 
this region are Culex pipiens Linnaeus, Cx. modestus Ficalbi and Cx. perexiguus Theobald (Balenghien et al. 2006; 
Balenghien et al. 2007; Becker et al. 2010; Brugman et al. 2018). These three species regularly feed on birds, hu-
mans and other mammals (Becker et al. 2010; Radrova et al. 2013; Brugman et al. 2017). As such, Cx. modestus 
is the principal WNV bridge vector in the Camargue wetlands of France (Ponçon et al. 2007). While Cx. pipiens is 
a widespread and abundant species in Belgium, Cx. modestus has not yet been recorded in the country (Versteirt et 
al. 2013; Boukraa et al. 2015). This study presents the first morphological and molecular evidence of its occurrence 
in Belgium.

Material and methods

Larval sampling
Within the framework of the ‘Monitoring of Exotic MOsquito species’ (MEMO) project, mosquito larvae were 

collected from April until November 2017, 2018 and 2019 at 23 localities in Belgium (Deblauwe et al. 2020). 
Larval sampling targeted predominantly artificial container habitats (e.g. flower vases, rain barrels, tyres), as these 
are the preferred larval habitats of exotic Aedes species, but also some natural sites were sporadically sampled. 
Fine-meshed aquarium nets were used to collect larvae from the water. The larvae were killed by a heat shock at 
70°C in the laboratory, and subsequently transferred in 80% ethanol for storage at room temperature before species 
identification.

Morphological and DNA-based species identification
Larvae were morphologically identified using the keys of Becker et al. (2010) and Gunay et al. (2018). For 

every species, one or multiple larvae were selected as voucher specimens. After morphological identification, the 
anterior part of each larval abdomen was used for DNA-based species identification, the head and posterior part of 
the abdomen of these voucher larvae were slide-mounted using dimethylhydantoin formaldehyde resin, microscope 
cavity slides and square cover slips. The voucher specimens and their respective DNA were submitted to the Belgian 
Culicidae collection housed in the Royal Belgian Institute of Natural Sciences.

DNA-based species identification was performed to confirm the morphological species identifications. There-
fore, DNA was extracted from the anterior part of the larval abdomen using the NucleoSpin® Tissue extraction 
kit (MACHEREY-NAGEL GmbH & Co. KG, Düren, Germany) following the manufacturer’s protocol, but with 
the elution volume set to 70 µl. A fragment of the mitochondrial cytochrome c oxidase subunit I (COI) gene was 
amplified using the universal primers LCO1490 and HCO2198 (Folmer et al. 1994). PCR reactions and conditions, 
purification and sequencing were carried out as done by Ibáñez-Justicia et al. (2020). Finally, the COI consensus 
sequence was compared against the BLAST web application of GenBank (https://blast.ncbi.nlm.nih.gov/Blast.cgi) 
and compared against the Identification System of BOLD, with the Species Level Barcode Records option (www.
boldsystems.org).

To proceed with the species validation of the suspected Cx. modestus larva, all publicly available COI sequenc-
es of Culex species known to occur in Belgium (Boukraa et al. 2015), and all the COI sequences of Cx. modestus, 
were downloaded from the BOLD online repository (Table 1; http://www.boldsystems.org/index.php/databases; 
November 2019). Sequences with a minimum size of 300 bp were retained, aligned using ClustalW in Geneious® 
v10.0.4 (Biomatters Ltd, Auckland, New Zealand) and checked for stop codons. COI sequences of Coquillettidia 
richiardii (Ficalbi) (KM25803, KU876993) and Cq. fuscopennata (Theobald) (GQ165802) were included as out-
group, and the alignment was then trimmed to only retain the 658-bp COI region (Folmer et al. 1994). Duplicate 
sequences were discarded per species using BioEdit v.7.2.6 (Hall 1999). Subsequently, a rooted Neighbor-Joining 
(NJ) tree based on Tamura-Nei distances was constructed using Geneious® v10.0.4. Nodal support was assessed by 
bootstrapping over 1000 replicates with a cut-off threshold of 70%. 
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TABLE 1. List of Culex species found to occur in Belgium (Boukraa et al. 2015), including the newly recorded Cx. 
modestus, their general occurrence in Belgium and the number of COI sequences (NCOI) downloaded from the BOLD 
repository (November 2019). The number of unique sequences (as defined by BioEdit) are enclosed in parentheses. Se-
quences were downloaded for neighbouring countries with confirmed occurrences of Cx. modestus. The alignment was 
delimited to the barcode region (Folmer et al. 1994).

Species Occurrence in Belgium Total NCOI NCOI Belgium
Cx. territans Rare 260 (228) 4 (4)
Cx. pipiens Common 945 (213) 34 (10)
Cx. hortensis Rare 18 (17) 0
Cx. torrentium Common 340 (108) 5 (5)
Cx. modestus First record 247 (121) 0

TABLE 1. (Continued)
Species NCOI neighbouring countries

France Luxembourg Germany Netherlands United Kingdom 
Cx. territans 0 0 1 0 0
Cx. pipiens 0 0 424 (13) 0 146 (16)
Cx. hortensis 1 0 15 (14) 0 0
Cx. torrentium 0 0 282 (26) 0 36 (22)
Cx. modestus 30 (18) 0 51 (26) 0 98 (27)

Results 

Over the entire study period (2017–2019), one larva was morphologically identified as Cx. modestus. The larva was 
distinguished from other Culex species by the absence of lateral siphonal setae, the absence of a distinct median 
spine on the comb scales, the siphonal index (total length / diameter at base) between 3 and 4.5 (here 4.5) and the 
straight sides of the siphon. Most typical are the ventral siphonal setae, which appear in disarray (Fig. 1A), in con-
trast to the paired siphonal setae of the commonly collected and closely related species Cx. pipiens (Fig. 1B) and 
Cx. torrentium Martini (Becker et al. 2010; Harbach 2012). 

The larva was collected on 18 September 2018 in a small pond close to the port of Antwerp (Kallo) in the 
province of East Flanders (51° 15’ 11.14” N, 4° 12’ 48.53” E). The vernal pond was mainly vegetated with com-
mon cattail (Typha latifolia), and was almost completely dried out at the time of the sampling (Fig. 2). In addition, 
larvae of Culiseta annulata Schrank (n = 1), Anopheles maculipennis Meigen s.l. (n = 1) and Cx. pipiens (n = 4) 
were collected at the same place on the same day. On 13 November 2018, the same pond was sampled again, but no 
mosquito larvae were found.

After sequence blasting in BOLD and GenBank, a 100% similarity was found with COI sequences of Cx. 
modestus from the United Kingdom (BOLD record CXOMD049-17, GenBank accession MK971827). The next 
100 best matches all involved Cx. modestus COI sequences. The species identification was validated by the NJ tree, 
in which the generated consensus COI sequence of the Belgian specimen clustered with high confidence (81.6% 
bootstrap value) with other Cx. modestus COI sequences (Fig. 3). The COI barcode of the specimen was deposited 
in GenBank (accession MN978924). Thereby, DNA-based species identification confirmed the morphological iden-
tification of the larva. 

Discussion

This is the first report of Cx. modestus in Belgium, based on the single larva collected at Kallo. The identification 
of the larva was confirmed by both morphology and COI barcoding. However, the species was expected to occur in 
Belgium based on its presence in neighbouring countries, and some suspected larvae collected at two cattle farms 
in Brecht and Somme-Leuze (Belgium) during 2008 and 2009 (Table 1) (Boukraa et al. 2011; Ries 2019; ECDC 
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2020). Nevertheless, in the absence of well-confirmed records it was not included in the latest checklist of the 
mosquito species known to occur in Belgium (Boukraa et al. 2015). Morphological identification of immature life 
stages, damaged specimens and sibling species of species complexes can quickly become challenging (Hebert et 
al. 2003; Versteirt et al. 2015). In these situations, DNA barcoding can support monitoring campaigns and help at 
providing correct species identifications.

FIGURE 1. (A) Posterior part of the mounted Cx. modestus larva. Zoom on the diagnostic characteristic of the siphon, showing 
disarrayed insertion points of the ventral siphonal setae. (B) Posterior part of a mounted Cx. pipiens larva. 

The larva was collected in a small pond in the port area of Antwerp, which is part of a protected ecological cor-
ridor network constructed in 2016. This network consists of several aquatic sites preserved for the reproduction of 
endangered freshwater species, e.g. the Natterjack toad Epidalea calamita Laurenti. The port area is rich in fresh-
water to slightly saline wetlands, ponds and marshes, which are the preferred habitats of Cx. modestus, and harbour 
migratory and resident bird populations (Becker et al. 2010; Jacobs et al. 2020). The larvae of Cx. modestus show 
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a preference for sunlit habitats, generally characterised by rich vegetation such as reed beds, e.g. the Camargue 
wetlands of France (Ponçon et al. 2007; Radrova et al. 2013).

Culex modestus was not recorded during the MODIRISK project (2007–2010), a large nationwide survey con-
ducted to inventory and assess the distribution of mosquito species (adults) in Belgium (Versteirt et al. 2013). Nor 
were larvae of this species collected during a study conducted from 1997 until 2009 to map the distribution of 
mosquito larvae in Flanders (Lock et al. 2012). However, the latter survey focused on monitoring the water quality 
of streams. Therefore, as stagnant waterbodies, including marshes, ponds and wetlands were underrepresented, Cx. 
modestus may have been missed. Still, while a high mosquito nuisance was reported in the port area of Kallo in 
2013, no adults of Cx. modestus were trapped in 2014 (Sohier & Grootaert 2015). 

During the MEMO monitoring project, vegetated ponds and other bodies of ground water were not among the 
habitats targeted for larvae of exotic Aedes mosquito species. So, more targeted surveys are needed to determine 
the actual occurrence and distribution of Cx. modestus in the country. For example, the species was only discovered 
by focused sampling of marsh areas in England (Golding et al. 2012). This observation is important in light of the 
northward spread of WNV in Europe, which led to the detection of human cases in the Netherlands in 2020 (Vlas-
kamp et al. 2020). The increasing restoration and protection of wetlands near densely populated urban areas could 
create suitable habitats for potential vector species, including Cx. modestus, or support changes in the spatio-tempo-
ral distribution of species (Reusken et al. 2010; Medlock & Vaux 2015). The confirmed presence of Cx. modestus 
in Belgium confirms the trend of increased detections throughout Europe. In countries like England and the Czech 
Republic, studies have provided evidence of increased local abundance and spread of this previously seemingly 
rather rare or non-indigenous species (Radrova et al. 2013; Hernández-Triana et al. 2020).

FIGURE 2. The small vernal pond vegetated with common cattail (Typha latifolia) where the Cx. modestus larva was col-
lected.
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FIGURE 3. NJ tree based on COI sequences downloaded from BOLD, including Culex species recorded from Belgium (Boukraa 
et al. 2015) and sequences of Cx. modestus (Table 1). Bootstrap values are indicated above the branches. The blue square gives 
a zoom view of the un-collapsed tree.
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