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A B S T R A C T   

Culex pipiens s.s./Culex torrentium belong to the most widespread mosquito taxa in Europe and are the main 
vectors of Sindbis, West Nile and Usutu virus. The adult overwintering females can act as reservoir for these 
arthropod-borne viruses (arboviruses), thus contributing to their local persistence when transmission cycles are 
interrupted during the winter. However, the main overwintering sites of Cx. torrentium are unknown. 

In a study from 2017, 3455 Cx. pipiens s.s./Cx. torrentium specimens were collected from abandoned animal 
burrows in Poznan, Poland. These specimens were retrospectively identified to species-level with a PCR assay, 
which revealed Cx. torrentium as dominant species (> 60%). Motivated by these results, we conducted a field 
study from February to July 2022 to systematically analyse the overwintering site patterns of Cx. pipiens s.s./Cx. 
torrentium. Mosquitoes were sampled using pipe traps in abandoned animal burrows (n = 20) and with aspirators 
in nearby anthropogenic overwintering sites (n = 23). All Cx. pipiens s.s./Cx. torrentium were screened for Fla-
viviridae RNA. 

In total, 4710 mosquitoes of five different taxa were collected from anthropogenic sites. 3977 of them were 
identified as Cx. p. pipiens/Cx. torrentium (Cx. p. pipiens: 85%, Cx torrentium: 1%, pools with both species: 14%). In 
contrast, only Cx. p. pipiens/Cx. torrentium (1688 specimens) were collected from animal burrows dominated by 
Cx. torrentium (52%), followed by pools with both species (40%) and Cx. p pipiens (8%). A single pool of 10 Cx. 
torrentium specimens collected from an animal burrow was positive for Usutu virus. 

The detection of Usutu virus demonstrates that Cx. torrentium can act as winter reservoir for arboviruses. 
Abandoned animal burrows may by the primary overwintering site for the species and should be considered in 
future surveillance programmes, when sampling overwintering mosquitoes.   

1. Introduction 

Three Culex taxa are considered the most widespread mosquito 
species in Central Europe: Culex. torrentium Martini, 1925 and the two 
ecologically distinct forms of Culex pipiens s.s, Culex pipiens form pipiens 
(Cx. p. pipiens) Linnaeus, 1758 and Cx. pipiens form molestus (Cx. p. 
molestus) Forskal, 1775 [1]. The females of the three mosquito taxa 
cannot be differentiated with classical morphology [1]. However, the 
differentiation is important since each taxon has a different vector 

capacity for viruses. The hybrid with an intermediate host-feeding 
preference between Cx. p. pipiens (ornithophilic) and Cx. p. molestus 
(anthropophilic) is considered to play an important role as bridge vector 
for West Nile virus (WNV) in the United States [2]. While Cx. pipiens s.s. 
is widely distributed in the America, Europe, Asia, Africa and Australia 
[3], Cx. torrentium is predominantly restricted to Central and Northern 
Europe. This species has a much higher vector competence for WNV and 
Sindbis virus (SINV) compared to Cx. p. pipiens [4–6] and is also known 
as competent vector for Usutu virus (USUV) [7]. 
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The overwintering strategy of adult mosquitoes is an important facet 
of the overwintering mechanisms for arthropod-borne viruses (arbovi-
ruses) in temperate regions [8]. Overwintering mosquitoes can serve as 
virus reservoir when transmission cycles are interrupted by the low 
winter temperatures, resulting in reduced vector activity and virus 
amplification. Vertical transmission is considered to be an important 
mechanism for the infection of overwintering females [9], which was 
proven possible for different Culex species [10,11]. This was also 
confirmed by the detections of WNV in overwintering Culex specimens 
in the United States [12–14], the Czech Republic [15], Russia [16] or 
Germany [17]. 

While most native mosquito species, such as Aedes species, undergo 
overwintering the egg or larvae stage, Cx. p. pipiens and Cx. torrentium 
obligatory overwinter as adult females [18]. Different studies indicate 
distinct differences in the overwintering sites of Cx. p. pipiens and Cx. 
torrentium. Several studies found Cx. p. pipiens in man-made shelters 
such as cellars, mines and bunkers [19–21]. In contrast, Cx. torrentium is 
rarely detected in anthropogenic overwintering habitats [22], but 
studies before the 21th century must be interpreted with caution as a 
reliable differentiation of Culex p. pipiens/Cx. torrentium females is only 
possible with molecular techniques. Nevertheless, the underrepresen-
tation of Cx. torrentium in cellars and aboveground buildings was also 
confirmed in recent studies [23–25]. As shown in vector competence 
studies, Cx. torrentium is probably one of the major vectors of WNV, 
SINV and USUV in central and northern Europe [5–7,26]. Knowledge on 
their primary overwintering sites will allow a more detailed under-
standing of the role of Cx. torrentium for the persistence of arboviruses in 
temperate regions and would facilitate an effective surveillance of this 
important vector species in winter. 

In 2021, Myczko et al. [27] published a study on overwintering ar-
thropods in the burrows of red foxes (Vulpes vulpes) and badgers (Meles 
meles). Thereby, by far the highest proportion of the arthropods were 
classified as Cx. p. pipiens/Cx. torrentium not further differentiated to the 
species level. In our study, retrospective molecular analysis of these 
samples confirmed a distinctly higher proportion of Cx. torrentium (>
60%). To further evaluate if there is a species-specific difference be-
tween the overwintering sites of Cx. p. pipiens and Cx. torrentium, we 
conducted a systematic study with paired-sample design, sampling 
overwintering mosquitoes from burrows and nearby anthropogenic 
overwintering sites. 

2. Material and methods 

The study was conducted in the region around the city of Poznan 
(52◦24′29”N 16◦56′01′′E), western Poland. Burrows of foxes and bad-
gers were located in forest patches predominantly dominated by Scots 
pine (Pinus sylvestris), while the surrounding area was characterised by a 
high proportion of arable land. For 2017, the selection process of 10 
burrows is described in detail by Myczko et al. [27]. In 2022, five study 
areas with animal burrows of foxes and badgers were selected. 
Anthropogenic overwintering sites (cellars and abandoned aboveground 
buildings) in a minimum distance of 0.1 km and a maximum distance of 
1 km from the burrows were sampled to directly compare the over-
wintering site patterns of Cx. p. pipiens and Cx. torrentium. At each study 
area, three to five animal burrows and three to five anthropogenic 
overwintering sites were investigated for overwintering mosquitoes. In 
total, 20 animal burrows and 23 anthropogenic overwintering sites were 
included in the study 2022. 

Only abandoned animal burrows were sampled. If the absence of 
badgers and foxes was unclear, the burrow entrances were covered with 
wooden sticks for several days to check if mammals tried to enter or 
leave the burrows in the meantime. Photos of the entrance were taken 
for comparison between the controls. In addition, we also looked for 
paw prints in the fresh soil or snow in front of the burrow entrance. It is 
not always possible to clearly determine whether the abandoned burrow 
was dug by foxes or badgers. Sometimes both species even use the same 

[28,29]. Therefore, burrows of badgers and foxes were not further 
differentiated in this study. Mosquito sampling from the abandoned 
burrows was conducted with pipe traps [27]. Briefly, the traps consist of 
a PVC pipe with a diameter of 200 mm with one side closed by a mos-
quito net. The open side was pushed into the burrow entrance and the 
open edges on the side of the pipe were covered with soil. The arthro-
pods flying out of the animal burrows were captured in a funnel inside 
the pipe. 

In the study of 2017 [27], weekly samplings were conducted from 
the mid of March to the beginning of July, except for the last two con-
trols carried out at a biweekly interval. Samples were stored in 75% 
alcohol. In 2022, the pipe traps were controlled weekly between 
01.03.2022 and 05.07.2022, except for the last two controls carried out 
at a biweekly interval. In addition, nearby cellars and abandoned 
aboveground buildings were sampled between 14.02.2022 and 
17.02.2022 with handmade aspirators similar to the model described by 
Vazquez-Prokopec et al. [30]. Strong flashlights were used to help locate 
the resting mosquitoes at the anthropogenic overwintering sites. 
Mosquitoes sampled from 2022 were killed by freezing and were stored 
at − 24 ◦C until further analysis. 

All specimens were identified by morphological characters to the 
lowest level of taxonomic certainty [1]. Additionally, Cx. pipiens s.s./Cx. 
torrentium specimens were typed to species level using the real-time PCR 
assay described by Rudolf et al. [31]. Thereby, a random subsample of 
10% of the individuals was analysed individually. The remaining spec-
imens were pooled by sampling site and sampling date with up to 10 
specimens. All Cx. pipiens s.s./Cx. torrentium samples were screened for 
flaviviruses RNA with the pan-flavivirus RT-PCR modified from Chao 
et al. [32]. The amplicons were sequenced with LGC Genomics (Berlin, 
Germany) sequences pre-processed with Geneious® 9.1.8 (Biomatters, 
Auckland, New Zealand) and compared to sequences from the GenBank 
database (National Center for Biotechnology Information, http://blast. 
ncbi.nlm.nih.gov/Blast.cgi). 

Kruskal-Wallis tests were used to test for significant differences in the 
number of mosquitoes between the two overwintering site types (animal 
burrow vs. anthropogenic site). The test was applied separately for Cx. p. 
pipiens and Cx. torrentium. Statistical analysis and visualisation of the 
results were conducted with the R version 4.2.0 [33], including the 
package ggplot2, version 3.4.0 [34]. 

3. Results 

The retrospective molecular typing of the Cx. pipiens s.s./Cx. tor-
rentium specimens from the entomological study on burrows by 
Myczkoet al. [27] revealed a dominance of >60% for Cx. torrentium 
(Table 1). During the systematic study in 2022, mosquitoes were found 
in 15 of the 20 sampled animal burrows and 22 of the 23 sampled 
anthropogenic overwintering sites. In total, 4710 female mosquitoes 
were collected from the anthropogenic overwintering sites (maximum 
per site: 2446 specimens) and 1688 from the animal burrows (maximum 
per site: 739 specimens) (Supplementary Table S1). In the anthropo-
genic overwintering sites, this included 57 Anopheles maculipennis s.l. 
Meigen, 1818 (1%), 639 Culiseta annulata/subochrea (14%), 31 Culex 
territans/hortensis Walker, 1856 (1%), 3378 Cx. p. pipiens (72%) and 47 
Cx. torrentium (1%) (Table 1). 552 Cx. pipiens s.s./Cx. torrentium (12%) 
could not be clearly identified since the mosquito pools were positive for 
Cx. p. pipiens and Cx. torrentium. These pools were positive for both Cx. 
pipiens s.s. and Cx. torrentium species in the real-time PCR assay. In the 
animal burrows, 1688 Cx. pipiens s.s./Cx torrentium were collected, of 
which 129 (8%) were typed as Cx. p. pipiens and 880 (52%) as Cx. tor-
rentium. Pools with a total of 679 specimens (40%) were positive for 
both, Cx. p. pipiens and Cx. torrentium. The number of Cx. p. pipiens per 
site was significantly higher at anthropogenic overwintering sites than 
in animal burrows (Chi-Squared = 8.4, df = 1, p = 0.004), whereas the 
number of Cx. torrentium per site was significantly higher in animal 
burrows compared to anthropogenic overwintering sites (Chi-squared =
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15.1, df = 1, p < 0.001) (Fig. 1). In both years, most mosquitoes left the 
animal burrows between the end of March and the end of April, peaking 
in the middle of April (Fig. 2). No further mosquitoes were collected 
from the animal burrows after May 10, 2022. A single pool of ten Cx. 
torrentium specimens collected on April 14, 2022 from an animal burrow 
(52◦27′49.7”N 16◦51′33.2′′E) was positive for Usutu virus (USUV). 

4. Discussion 

The systematic comparison of two types of overwintering sites 
demonstrated that high numbers of Cx. torrentium overwinter in animal 
burrows, whereas the species is underrepresented in anthropogenic 
overwintering sites (cellars and abandoned aboveground buildings). The 
opposite pattern was observed for Cx. p. pipiens. The dominance of Cx. p. 
pipiens in anthropogenic overwintering sites is in line with previous 
studies in Europe [22–24]. Nevertheless, overwintering Cx. p. pipiens 
and Cx. torrentium have been found together in similar numbers in rock 
caves and mine shafts [35,36]. In our study, natural rock caves were not 
included as these structures are extremely rare in the area. This is the 
case in many landscapes, especially lowlands or urban areas. Hence, 
other natural structures must play an important role as overwintering 
sites for mosquitoes in landscapes without caves. Studies from North 
America, where Cx. torrentium is absent, have shown that Cx. tarsalis 
Coquillett, 1896 overwinters in animal burrows [37,38]. In this study, 
we report high numbers of Cx. torrentium in animal burrows. Addition-
ally, based on the comparison of specimens identified to species level, 
Cx. torrentium was much more abundant in animal burrows compared 
with Cx. p. pipiens. In the light of the distinct overwintering site pattern, 
animal burrows may be the primary overwintering site for Cx. torren-
tium, potentially distinguishing this species ecologically from Cx. p. 
pipiens. Although Cx. p. pipiens and Cx. torrentium are known to differ in 
their vector capacity, e.g. vector competence [4,5] or Wolbachia 

infection [39,40], their ecological differences are unclear, e.g. breeding 
ecology [41] or host-feeding patterns [42]. Following the concept of 
limiting similarity in community ecology proposed by MacArthur and 
Levins [43], two species with the same ecological niche are not be able 
to coexist. The different overwintering site patterns of Cx. p. pipiens and 
Cx. torrentium might represent one ecological niche difference and can 
possibly help to further explain the sympatric coexistence of the two 
species in Central Europe. Remarkably, only Cx. p. pipiens and Cx. tor-
rentium were collected from the animal burrows, although different 
other mosquito taxa were found in nearby anthropogenic sites, including 
An. maculipennis s.l., Cx. territans/hortensis and Cs. annulata/subochrea. 
The natural overwintering sites of these adult overwintering mosquito 
taxa are unclear. Thus, there is a need for further investigation of the 
natural overwintering sites of mosquitoes, including the wide variety of 
burrow types dug by different vertebrate species. The lack of knowledge 
also applies to environmental cues associated with the selection of 
overwintering sites by mosquitoes in general. 

Previous serological studies from Poland demonstrated WNV- and 
USUV-specific antibodies in birds, horses and humans, including in the 
Greater Poland area, where our study was conducted [44,45]. To our 
knowledge, the USUV-positive pool in our study represents the first 
detection of USUV RNA in Poland, thereby underscoring the ongoing 
virus circulation in Poland. Previous studies on arboviruses in over-
wintering mosquitoes in Europe detected WNV and SINV in Cx. p. pipiens 
[17,23] as well as WNV and Ťahyňa virus in undifferentiated Cx. pipiens 
s.s./Cx. torrentium specimens [15,46]. Thus, the USUV detection in our 
study provide the first evidence, that Cx. torrentium can act as a winter 
reservoir for arboviruses. Considering the vector competence of Cx. 
torrentium for SINV, WNV and USUV [4–7], infected females are very 
likely capable to transmit these viruses in the following spring and thus 
contribute to the arbovirus persistence in Central Europe. However, we 
detected only a single positive pool of ten specimens, which corresponds 

Fig. 1. Boxplots of the number of Cx. p. pipiens and Cx. torrentium specimens per overwintering site type. The “x” indiactes the mean.  
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to a minimum infection rate of 0.18% for all analysed Cx. pipiens s.s./Cx. 
torrentium specimens from 2022. This low infection rate is similar to 
studies that screened overwintering Culex for WNV in the United States 
[12–14], the Czech Republic [15], Russia [16] or Germany [17]. In 
addition, no virus-positive mosquitoes were found in a study from the 
Netherlands [47] and Italy [48], even though WNV and USUV had 
circulated in the preceding summers in the study areas. Hence, the au-
thors suggest that other mechanisms might be important for arbovirus 
overwintering in Europe [47,48]. 

Reisen and Wheeler [49] reviewed three possible pathways of WNV 
overwintering in US: regular reintroduction, persistence in vertebrate 
hosts or persistence in mosquitoes. The circulation of USUV and WNV in 

Europe is driven by complex interplay of dispersal, local establishment 
and evolution [50]. However, the ongoing circulation and dominance of 
the same distinct arbovirus subclades indicate successful overwintering 
of arboviruses, instead of regular introduction [51,52]. Long-term in-
fections, recrudescence or bird-to-bird transmission is probably possible 
for both viruses [49,53]. It is very likely that different overwintering 
mechanisms play a certain role for the long-term, local establishment of 
arboviruses. Due to the different vector capacity within the European 
Cx. pipiens s.s./Cx. torrentium [4–6], it is especially important to genet-
ically differentiate the taxa in future studies on overwintering mosqui-
toes. Moreover, the detection rates in mosquitoes might be biased, 
because the field-sampled mosquitoes are usually directly frozen. Dohm 
and Turell [54] demonstrated that the living mosquitoes should be kept 
several days at temperatures higher than 20 ◦C for efficient arbovirus 
replication within the vectors, and thus increasing the detection 
sensitivity. 

In conclusion, Cx. torrentium overwinters in abandoned animal bur-
rows and can act as winter reservoir for arboviruses such as USUV. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.onehlt.2023.100572. 
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Fig. 2. Total number of Cx. p. pipiens and Cx. torrentium specimens collected from the animal burrows in 2017 (Myczko et al. 2021) and in 2022.  

Table 1 
Total number of mosquitoes analysed from the study in 2017 (Myczko et al. 
2021) and collected in the field study in 2022.   

2017 2022 

Mosquito taxon Animal 
burrows 

Animal 
burrows 

Anthropogenic 
sites 

Anopheles maculipennis s.l. 0 0 57 
Culex territans/hortensis 0 0 31 
Culex p. pipiens 55 129 3378 
Culex torrentium 2077 880 47 
Culex p. pipiens/Cx. 

torrentium 
1323 679 552 

Culiseta annulata/ 
subochrea 

0 0 639 

Culiseta spp. 0 0 6  
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Forest, Poland, Can. J. Zool. 86 (12) (2008) 1389–1396. 
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R. Kozdrowski, J.T. Pawęska, A survey on West Nile and Usutu viruses in horses 
and birds in Poland, Viruses 10 (2) (2018) 87. 

[45] J.S. Niczyporuk, E. Samorek-Salamonowicz, S. Lecollinet, S.A. Pancewicz, 
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