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Abstract 

Background Fleas are important hematophagous insects, infesting mammals and birds with a worldwide distri-
bution. Fleas of medical importance have been reported from various carnivores worldwide, such as felids, canids, 
or mustelids. Romania hosts a wide carnivore diversity, but very little is known about flea species that parasitize these 
animals in Romania. This study aimed to provide a better understanding of the fleas’ diversity and their distribution 
in a relatively large and diverse number of wild carnivore hosts from Romania.

Methods From 2013 to 2021, 282 carcasses of wild carnivores from different locations in Romania were collected 
and examined for the presence of ectoparasites. All collected fleas were morphologically identified using specific keys 
and descriptions. An analysis of the co-occurrence networks was performed.

Results A total of 11 flea species were identified: Pulex irritans (41.09%), Paraceras melis (20.11%), Ctenocephalides 
felis (7.33%), Ctenocephalides canis (7.83%), Monopsyllus sciurorum (11.11%), Chaetopsylla trichosa (21.96%), Chaetop-
sylla homoea (5.5%), Chaetopsylla tuberculaticeps (100%), Chaetopsylla rothschildi (13.33%), Chaetopsylla sp. (14.34%), 
Chaetopsylla globiceps (5.12%), Echidnophaga gallinacea (10%). The statistical analyses showed a significant differ-
ence between the infestation of Martes foina with females being more frequently infected than males (66% ver-
sus 33%). Paraceras melis infesting Meles meles had a significantly higher prevalence in female badgers than in males 
(× 2 = 7.7977, P < 0.01) and higher intensities of infestations in males than in females (t = 1.871, P < 0.05).

Conclusions This is the first large-scale study investigating the distribution and diversity of flea species infesting 
wild carnivores in Romania. Three flea species were identified for the first time in Romania (E. gallinacea, C. homoea, 
and C. tuberculaticeps).
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Background
The order Siphonaptera (fleas) is a highly specialized 
order of obligatory parasitic, holometabolous insects, 
including 246 genera with more than 2500 species. Fleas 
are laterally flattened wingless insects, ranging in length 
from 1 mm to 10 mm. The adults are obligate parasites, 
with both males and females feeding on the blood of 
birds and mammals, having a worldwide distribution, 
including polar regions. They can inhabit an extended 
range of hosts and habitats, being more diverse in bur-
rowing mammal hosts [1–4]. In contrast to adult stages, 
immature stages are found in the environment, with lar-
vae feeding on debris from nests. Some of the flea species 
have great medical importance as vectors of several path-
ogens, including zoonotic ones, such as Bartonella spp., 
Coxiella burnetii, Rickettsia spp., Yersinia pestis, Myxoma 
virus, or Trypanosoma spp. They can act as intermedi-
ate hosts for larval stages of cestodes such as Dipylidium 
caninum and Hymenolepis spp. In addition, their bites 
can cause severe discomfort, associated with dermato-
logical lesions, mainly of allergic nature in pet animals 
[5–7]. Among the fleas hosts, carnivores represent the 
second most prevalent group after rodents [8]. Many of 
the medically important flea species have been reported 
from various carnivores worldwide, such as felids, can-
ids, or mustelids [4, 9–11]. Moreover, the expansion and 
urbanization of wild carnivores can contribute to bridg-
ing infections and the exchange of parasites with domes-
tic animals [12].

Even though the integrity of the natural ecosystems is 
generally declining worldwide [13], Romania is still con-
sidered a country with a significant coverage of intact 
habitats, populated by various wild carnivores, such as 
the brown bear (Ursus arctos), grey wolf (Canis lupus), 
golden jackal (Canis aureus), red fox (Vulpes vulpes), 
European wildcat (Felis silvestris), Eurasian lynx (Lynx 
lynx), and various mustelids [14]. Despite its rich carni-
vore diversity, very little is known about flea species that 
parasitize these animals in Romania. A wide diversity 
of flea species was reported in Romania, mainly from 
birds and micromammals in a study performed 50 years 
ago [15]. More recently, two studies investigated the 
diversity of flea species infesting carnids: one in domes-
tic dogs restricted to Hunedoara county [16] and one in 
red foxes from the Transylvania region [17]. In red foxes, 
fleas were morphologically identified as Ctenocephalides 
canis, Ctenocephalides felis, Pulex irritans, Chaetopsylla 
globiceps, and Chaetopsylla trichosa, Paraceras melis, and 
Ctenophthalmus assimilis [17], while in domestic dogs, 
fleas were identified as Ct. felis, Ct. canis, and Pu. irritans 
[16].

While carnivore assemblage of southeast Europe may 
be taxonomically diverse [18, 19], generally sympatric 

carnivores may share a considerable number of the local 
flea species among them [11, 20–23].

While flea species associated with European carnivores 
are mostly known, there are no studies on the biotic and 
abiotic drivers shaping flea assemblages in southeast 
European carnivores. Apart from host species and life 
history, environmental conditions and inference compe-
tition may affect ectoparasite infestation on any suitable 
host. While for endoparasites living conditions are stable, 
ectoparasite densities of vertebrates may be influenced 
by habitat use and climatic exposure by the host [24]. 
Moreover, most ectoparasite populations have off-host 
life stages, usually for an extended time (like all Sipho-
naptera species do). These periods are spent in the host’s 
den or in the general environment and may reduce flea 
populations or the likeliness of subsequent host coloniza-
tion due to extrinsic factors, such as temperature, humid-
ity, or general lack of hosts. Thus, host and parasite life 
history, like den-use, general habitat selection (and asso-
ciated differences in habitat structures), and climate may 
fundamentally influence local parasitism levels in gen-
eral, or flea abundance in particular [8, 11, 24].

The present study aimed to describe the flea fauna 
diversity in a wide and diverse number of wild carni-
vore hosts along with their distribution in different 
regions of Romania. These results may contribute to a 
better understanding of the flea species and their asso-
ciated flea-borne pathogens that might be shared with 
domestic animals, as a consequence of the expansion of 
urbanization.

Methods
Over 8  years, from 2013 to 2021, 282 carcasses of wild 
carnivores from different locations in Romania were col-
lected and examined for the presence of ectoparasites. 
All the carcasses included in this study were collected 
by hunters or were found as roadkill. The examined 
hosts were morphologically identified to species level as 
belonging to several different families, such as Canidae 
(n = 107), Felidae (n = 30), Mustelidae (n = 144), and Ursi-
dae (n = 1). Details about the exact location, date, fleas 
species, sex, and season of the collection, as well as the 
number of individual fleas, were all recorded and incor-
porated into an Excel database. To minimize the risk of 
post  mortem loss of ectoparasites or the incidence of 
cross-infestation, the carcasses were individually placed 
in plastic bags as soon as they were hunted or found 
dead, and the identification details were marked on the 
bag. Only the carcasses that were maintained at −18  °C 
were kept for ectoparasite collection and identification 
to ensure that fleas were conserved properly. A com-
plete necropsy was performed on each of the collected 
animals. Carcasses were removed from the bags, and a 
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rigorous visual inspection of the wrapping was done to 
detect any ectoparasite that left the body. Initially, comb-
ing of the full body area for 5 min with a fine-tooth flea 
comb was performed, but without satisfactory results in 
collecting many ectoparasites, so the fur was further sys-
tematically examined starting from the head to the tail, 
carefully checking all parts of the body. Detected ectopar-
asites were collected manually, using fine tweezers, and 
placed in 2 ml labeled tubes with 70% ethanol. Collected 
fleas were morphologically identified to species or genus 
level and the DNA was isolated from a maximum of five 
specimens from each genus per animal species, with the 
preservation of the exoskeleton for morphological iden-
tification to species level as previously described [25]. 
The remaining exoskeletons were permanently mounted 
and morphologically identified on the basis of specific 
keys and descriptions [3, 26–28]. Photographs were 
taken using an Olympus BX61 microscope attached to a 
camera and Nikon 80i microscope, and Nikon SMZ1500 
stereomicroscope attached to an Axiocam 208 (Zeiss) 
camera.

The online available Venn diagram tool (http:// bioin 
forma tics. psb. ugent. be/ webto ols/ Venn) was used for 
visualizing the number of shared flea taxa between the 
most common carnivore species. The general network of 
host–parasite relationships was graphically represented 
using a bipartite diagram, using a cumulative index of all 
individual host–parasite relationships independent of the 
intensity values [29]. The diagram was created in RStu-
dio (v.2023.03.1), using the “bipartite” package, function 
“plotweb”. To compare parasite prevalence rates, chi-
squared (or Fisher’s exact) tests were used. The sample 
size showed wide variation among the different carnivore 
host species due to the methodology used (e.g., the use 
of roadkill specimens). As a low sample size may cause 
bias (through both zero positives, as well as biased zero 
interpretation), we tried to reduce it through different 

groupings used in the analyses (i.e., taxonomic, sex, age, 
season, and land use). To test the importance of certain 
biotic factors (host species, sex, age) and abiotic factors 
(land-use type, season, elevation) on the presence ver-
sus absence of fleas or flea abundance or species diver-
sity (number of flea species/host), general linear models 
(GLM) under the assumption of a binomial distribution 
(absence/presence), with the built-in glm function were 
used [30]. To test for co-linearity and combined effects of 
multiple predictors, logistic regression was done, where 
sampling locality was included as a random effect. Land 
use and altitude data were extracted for 2 × 2  km cells, 
for which the centroid was the geo-referenced collec-
tion location of the sample. CORINE LandCover (Euro-
pean Environment Agency, http:// www. eea. europa. eu/) 
was used for extracting environmental data, relying on 
five predictors (Additional file 1: altitude and percent of 
arable land, grassland, urbanized areas, and forest cover). 
For the season, the calendar divisions for winter (Decem-
ber–February), spring (March–May), summer (June–
August), and autumn (September–November) were used.

Differences were considered significant when P < 0.05. 
The distribution maps based on flea species were gener-
ated using ArcMap 10.6.1.

Results
Among the examined carnivores (Table 1), a total of 11 
different flea species belonging to 6 genera were identi-
fied (Table  2) (Figs.  1, 2, 3, 4, 5, 6). The most prevalent 
flea species was Pulex irritans (41.09%, 106/258) iden-
tified in eight different host species [golden jackal, grey 
wolf, European wildcat, Eurasian lynx, Eurasian badger 
(Meles meles), raccoon dog (Nyctereutes procyonoides), 
beech marten (Martes foina), and European pine mar-
ten (Martes martes)], followed by Chaetopsylla trichosa 
(21.96%, 47/214) in three different host species (golden 
jackals, European wildcat, and Eurasian badger) and 

Table 1 Animal hosts infested by fleas and prevalence per host

Species No. examined hosts No. hosts with fleas Prevalence (%)

Golden jackal (Canis aureus) 96 50 52.08

Grey wolf (Canis lupus) 10 3 30

European wildcat (Felis silvestris) 27 6 22.22

Eurasian lynx (Lynx lynx) 3 3 100

Beech marten (Martes foina) 27 13 48.15

European pine marten (Martes martes) 3 3 100

Eurasian badger (Meles meles) 91 69 75.82

Least weasel (Mustela nivalis) 2 1 50

Raccoon dog (Nyctereutes procyonoides) 1 1 100

Brown bear (Ursus arctos) 1 1 100

http://bioinformatics.psb.ugent.be/webtools/Venn
http://bioinformatics.psb.ugent.be/webtools/Venn
http://www.eea.europa.eu/
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Paraceras melis (20.11%, 38/189) in three different host 
species [golden jackals, Eurasian badgers, and least wea-
sel (Mustela nivalis)]. Due to the long-term preservation 
period and degradation or evaporation of the ethanol 
and dryness of fleas, some specimens of Chaetopsylla 

(14.24%, 37/258) were identified only to the genus level. 
Chaetopsylla tuberculaticeps (100%, 1/1) in one brown 
bear, Ch.  homoea (5.5%, 12/218) in five different hosts 
(golden jackal, beech marten, European pine marten, 
raccoon dog, and Eurasian badger) and Echidnophaga 

Table 2 Prevalence and intensity of infestation for identified fleas

G generalist (wide palette of carnivoran species used)

S specialist (single or small number of carnivora species used)

Flea species No. host 
species

Examined hosts Infected hosts Prevalence (%) Intensity Flea type Host group

Pulex irritans 8 258 106 41.09 7.83 G Carnivora

Paraceras melis 3 189 38 20.11 4.39 S Meles meles

Ctenocephalus canis 4 217 17 7.83 2.18 G Carnivora

Ctenocephalus felis 3 150 11 7.33 1.36 G Carnivora

Monopsyllus sciurorum 2 54 6 11.11 1.67 S Dormice/squirrel

Chaetopsylla globiceps 4 215 11 5.12 1.82 G Carnivora

Chaetopsylla homoea 5 218 12 5.5 2.25 G Carnivora

Chaetopsylla rothschildi 2 30 4 13.33 3 S Martes spp.

Chaetopsylla trichosa 3 214 47 21.96 4.49 S Carnivora

Chaetopsylla tuberculaticeps 1 1 1 100 NA S Ursus arctos

Chaetopsylla sp. 8 258 37 14.34 4.3

Echidnophaga gallinacea 1 10 1 10 NA G Many

Fig. 1 Chaetopsylla rothschildi. A The general aspect of a male Ch. rothschildi; B (X1.25). The general aspect of a female Ch. rothschildi (X1.25); C The 
magnified aspect of the male genitalia (X10); D The magnified aspect of the female genitalia showing the spermatheca
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Fig. 2 Chaetopsylla trichosa. The general aspect of a male Ch. trichosa; B (X1.25). The general aspect of a female Ch. trichosa (X1.25); C The magnified 
aspect of the male genitalia (X10); D The magnified aspect of the female genitalia showing the spermatheca (X10)

Fig. 3 Chaetopsylla globiceps. The general aspect of a male Ch. globiceps; B (X1.25). The general aspect of a female Ch. globiceps (X1.25); C The 
magnified aspect of the male genitalia (X10); D The magnified aspect of the female spermatheca (X20)
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Fig. 4 Chaetopsylla homoea. The general aspect of a male Ch. homoea; B (X4). The general aspect of a female Ch. homoea (X4); C The morphological 
aspect of the head (X10); D The magnified aspect of the female spermatheca (X20)

Fig. 5 Chaetopsylla tuberculaticeps. A, C The general aspect of the head Ch. tuberculaticeps (X4); B The general aspect of a female Ch. tuberculaticeps 
(X1.25); D The magnified aspect of the female spermatheca (X10)
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gallinacea (10%, 1/10) in a single grey wolf were identi-
fied. The identified fleas and their distribution in correla-
tion with the bioregions are shown in Fig. 7.

The statistical analyses showed a significant difference 
in the infestation of Martes foina, with females being 
more frequently infected than males (66% versus 33%). 
On the contrary, male martens had higher intensities 
of infestation than females (Additional file  1, t = 2.6372, 
P = 0.01). On the basis of flea species, a significant dif-
ference was detected for Pa.  melis infesting Me.  meles, 
with a significantly higher prevalence in female badgers 
than in males (χ2 = 7.7977, P < 0.01) and higher intensi-
ties of infestations in males than in females (Additional 
file  1, t = 1.871, P < 0.05). Chaetopsylla trichosa infesting 
Me. meles was significantly more prevalent in males than 
females (χ2 = 1.6319, P < 0.05). The GLM showed that, 
overall, the only factor that influenced the infestation by 
fleas was the sex of the host (P = 0.0555), while all other 
analyzed parameters showed no correlations (Addi-
tional file  1). A high number of female Ma.  foina were 
infested by Pu.  irritans compared with males, in which 
this flea species was not identified at all. Although very 
few Ca. aureus were positive for Ct. felis, male hosts were 
more commonly infested than females, while the inten-
sity of infestation was higher in females. Chaetopsylla 

homoea was more prevalent in female Ca.  aureus, but 
few hosts were infested by this flea species.

None of the selected biotic (host species, sex, or age) 
or abiotic (season, altitude, climate) predictors were cru-
cial in determining overall flea intensity; however, flea 
species diversity was negatively correlated with host sex 
(males had significantly lower diversity). The core host–
parasite network shows two shared species (Pu.  irritans 
and Chaetopsylla spp.) among all hosts, which are also 
the most important components of the host–parasite 
networks (85%) among those carnivores that had enough 
sample size (Fig. 8). Other hosts showed lower overlaps 
in shared parasite species and a negative correlation 
between the intensity of infestation and the number of 
flea species, meaning that in higher intensities, fewer flea 
species are observed. The detailed host–parasite relations 
of all flea species (including prevalence and intensity of 
infestation) are presented in Table 2, while the distribu-
tion of host–parasites relationships is shown in Fig. 9.

Discussion
A high number of wild carnivores from Romania 
are hosts for a variety of flea species. In golden jack-
als and badgers, the flea diversity and mean intensity 
of infestation were higher than in other hosts. These 

Fig. 6 Paraceras melis. A The general aspect of a male Pa. melis (X4); B The general aspect of a female Pa. melis (X4); C The magnified aspect 
of the male genitalia (X10); D The magnified aspect of the female genitalia showing the spermatheca (X10)



Page 8 of 11Deak et al. Parasites & Vectors          (2024) 17:148 

are burrow-dwelling species and are more likely to be 
infested. The higher flea diversity in golden jackals and 
badgers could be also influenced by the higher number of 
examined hosts, as parasite occurrence shows cumulative 
curves [31]. Wildcats and beech martens were the only 
two hosts infested by Monopsyllus sciurorum, a special-
ist flea of dormice and squirrels, highlighting the targeted 
predation on these rodents by wildcats and martens [32–
34]. An interesting finding was Echidnophaga gallinacea, 
also called the “sticktight flea” in a grey wolf. E. gallinacea 
is a sedentary flea that attaches around the head and wat-
tle of domestic and wild birds, but it was also identified 
in rats, domestic dogs, and wild canids, cats, horses, pigs, 
and even humans [11, 35]. Its finding for the first time in 
Romania in a single animal might be related to the feed-
ing behavior of the grey wolves. Grey wolves are oppor-
tunistic foragers, and more than 30% of their diet is based 
on birds, livestock, and rodent carrions [36, 37]. Consid-
ering the low number of wolves examined and their feed-
ing habits, the identification of E. gallinacea in this host 
is not surprising, and the previous lack of reports in the 
country may be related to the lack of studies rather than 
a real absence of the flea. Chaetopsylla tuberculaticeps, 

Fig. 7 Map showing the geographical distribution of identified fleas correlated to the bioregions

Fig. 8 Venn diagrams of co-occurrence networks of flea species 
in different carnivore species. The Venn diagrams show the number 
of central nodes using betweenness centrality (i.e., fleas that are 
common or unique among the five host species)
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another flea identified for the first time in Romania in 
brown bears, was previously described in grizzly bears 
(Ursus arctos horribilis) in North America [38] and in 
brown bears in Russia, Japan, Norway, and northern Italy 
[28, 39]. Besides bears, Ch. tuberculaticeps was also iden-
tified from a man who had contact with a bear den and 
from a domestic dog that stayed in a garage with a dead 
Ursus americanus [39]. Two subspecies of Ch.  tubercu-
laticeps were described, namely Ch.  t.  ursi in America 
and Ch. t. tuberculaticeps in Eurasia. The main morpho-
logical differences between the two subspecies include 
the antennal club of male fleas being longer and almost 
parallel sides and the anterior apical angle of phallosome 
with a rectangular form for Ch.  t.  ursi. However, there 
are no clear differences in female fleas, and in the present 
case, only two female specimens were detected and iden-
tified [39]. In addition, there are no sequences available 
in GenBank for molecular identification of the subspe-
cies, but considering the geographical location, it can be 
assumed that Romanian samples belong to Ch.  t.  tuber-
culaticeps. The third new species for Romania’s flea fauna 

was Ch. homoea, which is considered abundant in alpine 
areas and was mostly identified in mustelids. The species 
was reported in dogs from Kyrgyzstan, in Mu.  erminea 
in Kazakstan, in a canid host in the Altai Republic, and 
a domestic dog in Tibet [26]. In Europe, it was identi-
fied in domestic dogs and foxes in Switzerland [27, 28], 
in mustelids and red foxes in France [40, 33], and mus-
telids from Italy [41]. In contrast to the general knowl-
edge regarding Ch.  homoea, our study identified it only 
in four mustelid species, while it is more common among 
canid hosts (seven golden jackals and one raccoon dog). 
Additionally, most records came from lowland areas of 
continental and steppic bioregions, with a single record 
(one badger) collected from the alpine area (see distribu-
tion map in Fig. 7). An adaptation of this flea species to 
warmer climates may also be considered.

The sex-related differences in flea infestation in the 
case of Martes foina may be related to differences in 
behavior between the sexes. Female stone martens hunt 
and feed more frequently than males, which makes 
them much more exposed to flea infestation, or they 

Fig. 9 Bipartite representation of the parasite network of carnivores and flea species in Romania
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can be more exposed during the reproduction act, as 
males have contact with several females [42]. In addi-
tion, females show much higher fidelity and den-use, 
especially in the young-rearing period [43, 44], thus 
favoring higher chances for flea encounters. Animals’ 
sex seems to be the only risk factor related to flea infes-
tation. This assessment is also supported by the find-
ing that Pa. melis is more common on female badgers, 
Pu. irritans is identified only on female Ma. foina,, and 
Ch.  homoea on female golden jackals. Interestingly, in 
contrast to the distribution of other species, the cat flea 
(Ct.  felis) was more prevalent in male Ca. aureus than 
on females. The less commonly infested animals (lower 
prevalences) based on their sex within an animal spe-
cies proved to be more intensely infested, meaning that 
they spend more time around nests or burrows and 
maybe do not often have contact with other potential 
hosts for the transmission of the fleas. However, we 
acknowledge the major weakness of this study, which is 
the examination of carcasses mostly collected from car 
accidents, and that some fleas most likely left the host 
before the carcasses were collected. This fact may have 
influenced the results differently. To the best of our 
knowledge, there are no data about which flea species 
react first to the fall of body temperature of the host to 
predict species loss.

Conclusions
This is the first large-scale study investigating the distri-
bution and diversity of flea species infesting wild carni-
vores in Romania. Three flea species were identified for 
the first time in Romania (E.  gallinacea, Ch.  homoea, 
and Ch. tuberculaticeps).
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represents all animals infested with Ch. homoea and differences based on 

their sex; Ch. tuberculaticeps. This sheet represents all animals infested with 
Ch. tuberculaticeps and differences based on their sex; Ch. rothchildi. This 
sheet represents all animals infested with Ch. rothchildi and differences 
based on their sex; Ch. globiceps. This sheet represents all animals infested 
with Ch. globiceps and differences based on their sex; E. gallinacea. This 
sheet represents all animals infested with E. gallinacea and differences 
based on their sex.
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