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Abstract 

Background: The red fox (Vulpes vulpes) is widely distributed in the Northern Hemisphere and Australia. The pres‑
ence of nematode‑infected foxes in urbanized areas increases the risk of transmission of nematodes to domestic dogs 
and thus, to humans. The aim of this study was to determine the prevalence and species composition of intestinal 
nematodiasis in red foxes in Western Pomerania, a province in north‑western Poland. The intestinal contents of 620 
red foxes killed during a government reduction shooting programme were examined for adult nematodes using the 
sedimentation and counting technique (SCT).

Results: Intestinal nematodes, including Toxocara canis, Toxascaris leonina, Uncinaria stenocephala and Trichuris vulpis, 
were found in 77.3% (95% CI 73.8–80.4%) of the examined foxes with a mean infection burden of 20.1 nematode per 
animal. Male and female foxes had similar infection burdens.

Conclusions: The nematodes are present in high prevalence and intensity among foxes in north‑western Poland. 
Furthermore, this high prevalence of nematodes in foxes may likely constitute a health risk to humans and domestic 
animals due to increasing fox densities in urban and periurban areas.
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Background
The red fox (Vulpes vulpes) is widely distributed in the 
Northern Hemisphere and Australia [1]. A rapid increase 
in its number has been observed in many European 
countries since the late twentieth century [2–4]. This 
growth may be explained by a reduction in mortality rate 
due to intensive rabies vaccination campaigns and the 
opportunistic behaviour of the fox itself [2].

The growth in the fox population has resulted in its 
expansion to new habitats. Unfortunately, as foxes may be 
infected by zoonotic intestinal nematodes, their presence 

in urbanized areas increases the risk of transmission of 
these nematodes to humans, either directly, or indirectly 
through infection of domestic dogs [5–7]. Infected foxes 
can contaminate sandpits, parks and squares with their 
faeces, thus exposing humans to the eggs of zoonotic 
nematode species such as Toxocara canis, Toxascaris 
leonina and Trichuris vulpis, and nematodes from the 
Ancylostomatidae family [8–12].

The most widespread helminth zoonosis in developed 
countries is toxocariasis, known to cause visceral and 
ocular larva migrans syndrome [3, 13, 14]. In humans, as 
paratenic hosts, the larvae of T. canis, responsible for tox-
ocariasis, do not develop into an adult stage but migrate 
throughout the tissues and remain as L3 arrested larvae 
for an extended period of time [15].

The prevalence of T. canis seropositive cases in humans 
has been estimated at 2.4% in Denmark [16], 7% in 
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Sweden [17] and 6.3% in Austria [18]. A significant pro-
portion of the human population in Poland have also 
been found to harbour T. canis antibodies, with a sero-
prevalence ranging from 18.6 to 43% depending on the 
region [19, 20]. Similar symptoms can be observed fol-
lowing infection with T. leonina and T. vulpis larvae [21].

An additional threat is also posed to humans by hook-
worms, i.e. nematodes of the Ancylostomatidae family, 
such as Ancylostoma caninum and Uncinaria stenoceph-
ala, with approximately 1.3 billion people being esti-
mated to be infected by a nematode from this family [22]. 
Hookworm infection rarely results in mortality but leads 
to anaemia and malnutrition [23], which lead to chronic 
health problems such as lethargy and impaired physical 
and cognitive development [24].

A number of studies, including one carried out from 
1996 to 1998 in north-western Poland by Bieńko [25], 
indicate that the occurrence of nematodes in foxes var-
ies considerably [26–30]. Therefore, the aim of the pre-
sent study was to determine the prevalence of intestinal 
nematoidiasis in red foxes (Vulpes vulpes) in north-west-
ern Poland and investigate other parameters associated 
with its presence, e.g. examine its distribution between 
sexes and predilection.

Methods
The study was conducted in Western Pomerania, a prov-
ince of north-western Poland. The material comprised a 
total of 620 red foxes (236 females and 384 males) culled 
during a government reduction shooting programme in 
18 counties in the region. The remains of the foxes were 
acquired from the Departments of Veterinary Hygiene 
in Szczecin and Koszalin during the hunting seasons of 
2008/2009, 2009/2010 and 2010/2011. The minimum 
sample size was calculated according to the Cochran 
formula.

Parasitological analyses were carried out at the Depart-
ment of Veterinary Hygiene in Szczecin and Koszalin. 
Fox carcasses delivered to the department by hunters 
were initially frozen at − 70  °C for four days to prevent 
transmission of infective Echinococcus multilocularis 
eggs. The carcasses were then thawed and examined.

The alimentary tracts of the foxes were subjected 
to parasitological analysis using sectional methods 
described by Eckert et  al. [31, 32] and by Stefański and 
Żarnowski [33]. Briefly, the alimentary tract samples 
were isolated from the animals and divided into oral 
cavity, oesophagus, stomach, small intestine, caecum 
and large intestine samples. In addition, the small intes-
tine was further divided into three sections: duodenum, 
jejunum and ileum. The organs were opened along their 
entire length. Visible parasites were removed immedi-
ately from the mucosa and placed in Petri dishes with 

water. Other parasites were collected using the sedimen-
tation and counting technique (SCT). The sex of the ani-
mals was identified based on the gonads. The recovered 
nematodes were identified according to Stefański and 
Żarnowski [33] and preserved in 70% alcohol.

The Jaccard coexistence index (J) [34] was used to com-
pare the coexistence of particular species of nematodes, 
where the feature is the presence of a species in the sam-
ple (environment). A value   of 100% indicates that two 
analysed nematode species always co-occur, regardless of 
their numbers, and 0% indicates that the two species are 
never observed together.

where: Jp1p2—coexistence index between species p1 and 
p2; a—the number of occurrences of species p1; b—the 
number of occurrences of species p2; c—the number of 
common occurrences of species p1 and p2 in the habitat.

The obtained results were analysed using Statistica 
10.0. The occurrence of individual nematode species was 
compared between the sex of the host was determined 
using the Mann–Whitney U-test. The occurrence of 
nematodes was compared between individual sections of 
the gastrointestinal tract using the Kruskal–Wallis test. 
The confidence interval of a proportion was calculated by 
the modified Wald method, as recommended by Agresti 
and Coull [35].

Results
Nematodes were found in 77.3% (95% CI 73.8–80.4%) of 
analysed foxes, while the mean infection intensity was 
20.1 nematodes per animal. T. canis, T. leonina, U. steno-
cephala and T. vulpis were isolated from the tested foxes. 
Of these, U. stenocephala was the most prevalent (34.0%, 
95% CI 30.4–37.9%), with an intermediate intensity of 
infection (20.7) (Table 1).

T. canis was more commonly observed in male foxes 
(32.0%, 95% CI 27.6–36.9%) than females (27.1%, 95% 
CI 21.8–33.1%), while U. stenocephala was more com-
mon in female foxes (37.7%, 95% CI 31.8–44.0%) than 
males (31.8%, 95% CI 27.3–36.6%). These differences in 
incidence were not statistically significant (p > 0.05). In 
both males and females, the highest mean intensity of 
infection was found for U. stenocephala, which displayed 
similar intensities in female (21.7) and male foxes (19.9) 
(Table 2).

Nematodes were observed in the duodenum, jejunum, 
ileum and caecum; however, none were noted in the oral 
cavity, the oesophagus, the stomach or the large intestine. 
The parts of the alimentary tract where nematodes were 
found were then subjected to further analysis; among 
these, significantly higher numbers of nematodes were 

Jp1p2 =
c

a+ b− c
× 100
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found in the jejunum than in the duodenum or ileum 
(Kruskal–Wallis; H = 96.7; p = 0.000) (Table 3).

Regarding T. canis, its numbers differed significantly 
between the duodenum and the ileum and between 
the jejunum and the ileum (Kruskal–Wallis; H = 50.6; 
p < 0.001). In addition, the occurrence of T. leonina sig-
nificantly differed between the duodenum and the ileum, 
and between the jejunum and the ileum (Kruskal–Wal-
lis; H = 52.0; p < 0.001), and U. stenocephala differed sig-
nificantly between the duodenum and the jejunum, and 
between the jejunum and the ileum (Kruskal–Wallis; 
H = 55.8; p < 0.001) (Table 3).

In the duodenum, the most common nematodes were 
U. stenocephala (20.7%, 95% CI 17.6–24.0%) and T. canis 
(20.7%, 95% CI 17.6–24.0%); however, the highest mean 
intensity of infection was found for U. stenocephala 
(4.3) (Table  3). Of the identified nematodes, the preva-
lence and the highest mean intensity of infection were 
noted for U. stenocephala in the jejunum (31.6% [95% 
CI 28.1–35.4%], 16.3, respectively) and the ileum [14.2% 
(95% CI 11.7–17.2%), 7.0, respectively] (Table 3). T. vulpis 
(11.9%, 95% CI 9.6–14.7%) was found only in the caecum 
(Table 3).

Our findings indicate variations in both the chance of 
encountering certain pairs of nematode species and the 
strength of the relationship between them, as measured 
by the Jaccard index (J). The most common pairs com-
prised U. stenocephala and T. canis (66 joint occurrences, 
J = 14.2%) and U. stenocephala and T. leonina (40 joint 
occurrences, J = 9.7%) (Table 4).

Discussion
The most frequently-observed gastro-intestinal nema-
tode in the red foxes examined in the present study 
was U. stenocephala. This finding is in line with previ-
ous studies on red foxes in Europe in general [3, 36–
39] and in studies in northern and southern Poland 
[40, 41]. However, other studies conducted in west-
ern and southern Poland showed a significantly lower 
prevalence, ranging from 11 to 35% [42–44]. A higher 

Table 1 Parameters of occurrence of nematodes in red fox

Parasite Number of foxes 
infected / tested

Prevalence
(%)
(95% CI)

Intensity of 
infection

Mean Range

Toxocara canis 187/620 30.2
(26.7–33.9)

12.2 1–84

Toxascaris leonina 163/620 26.3
(23.0–30.0)

16.9 1–97

Uncinaria steno-
cephala

211/620 34.0
(30.4–37.9)

20.7 1–96

Trichuris vulpis 74/620 11.9
(9.6–14.7)

3.0 1–15

Nematodes (total) 479/620 77.3
(73.8–80.4)

20.1 1–140

Table 2 Incidence of nematodes in red foxes with regard to sex of host

Parasite Sex of host Number of foxes 
infected / tested

Prevalence (%)
(95% CI)

Mann–Whitney U-test 
value

Intensity of infection

Mean Range Mann–Whitney U-test 
value

Toxocara canis ♂ 123/384 32.0
(27.6–36.9)

Z = − 0.44 p = 0.660 12.0 1–84 Z = − 1.37 p = 0.172

♀ 64/236 27.1
(21.8–33.1)

12.6 1–73

Toxascaris leonina ♂ 106/384 27.6
(23.4–32.3)

Z = − 0.44 p = 0.662 15.8 1–65 Z = − 0.80 p = 423

♀ 57/236 24.2
(19.1–30.0)

18.8 1–97

Uncinaria stenocephala ♂ 122/384 31.8
(27.3–36.6)

Z = − 0.58 p = 0.560 19.9 1–96 Z = − 1.69 p = 0.091

♀ 89/236 37.7
(31.8–44.0)

21.7 1–91

Trichuris vulpis ♂ 42/384 10.9
(8.2–14.5)

Z = − 0.22 p = 0.828 2.7 1–15 Z = − 1.08 p = 0.280

♀ 32/236 13.6
(9.7–18.6)

3.4 1–15

Nematodes (total) ♂ 302/384 78.7
(74.3–82.5)

Z = − 0.97 p = 0.333 18.9 1–100 Z = − 0.15 p = 0.878

♀ 177/236 75.0
(69.1–80.1)

22.2 1–140
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prevalence of U. stenocephala has been found in Esto-
nia (84.3%) [45], Lithuania (76.9%) [46] and Italy 
(75.4%) [37]; however, U. stenocephala are less com-
mon in Ukraine (27.1%) [47], Romania (15.0%) [48], the 
Czech Republic (10.0%) [2], Switzerland (5.3%) [6] and 
Norway (1.6%) [49].

The prevalence of U. stenocephala in foxes has been 
found to increase in recent years, from 39.0% in 2008 to 

65.0% in 2010 in Sweden [50], and from 68.6% in 2006 
to 84.1% in 2013 in Denmark [36, 51].

In the present study, T. canis was more common than 
T. leonina. A similar trend was observed in earlier stud-
ies in the same region, with the frequency of T. leonina 
infection increasing more than 12-fold over the test 
period [25]; however, the prevalence of T. canis was 
found to be higher than in the present study (42.3%). 

Table 3 The occurrence of nematodes in red foxes according to location in the intestine

Presence of statistical significance: *Statistically significant at p ≤ 0.05, **Statistically significant at p ≤ 0.01

Parasite Part of the 
small intestine

Number of foxes 
infected / tested

Prevalence 
(%) (95% CI)

Kruskal–Wallis value Intensity of infection

x̄ Range Kruskal–Wallis value

Toxocara canis Duodenum 128/620 20.7
(17.6–24.0)

H = 50.6**
p < 0.001

3.2 1–23 H = 61.7**
p < 0.001

Jejunum 161/620 26.0
(22.7–29.6)

9.8 1–50

Ileum 64/620 10.3
(8.2–13.0)

4.5 1–25

Toxascaris leonina Duodenum 122/620 19.7
(16.7–23.0)

H = 52.0**
p < 0.001

3.5 1–20 H = 88.4**
p < 0.001

Jejunum 147/620 23.7
(20.5–27.2)

14.4 1–79

Ileum 54/620 8.7
(6.7–11.2)

3.9 1–12

Uncinaria stenocephala Duodenum 128/620 20.7
(17.6–24.0)

H = 55.8**
p < 0.001

4.3 1–28 H = 109.3**
p < 0.001

Jejunum 196/620 31.6
(28.1–35.4)

16.3 1–72

Ileum 88/620 14.2
(11.7–17.2)

7.0 1–35

Trichuris vulpis Caecum 74/620 11.9
(9.6–14.7)

H = –
p = –

3.0 1–15 H = –
p = –

Nematodes (total) Duodenum 378/620 61.0
(57.1–64.7)

H = 96.7**
p < 0.001

3.7 1–28 H = 357.5**
p < 0.001

Jejunum 504/620 81.3
(78.0–84.2)

13.7 1–108

Ileum 280/620 45.2
(41.3–49.1)

4.8 1–48

Table 4 Frequency of coexistence of individual nematode species in a single host organism

a The number of foxes in which the species of nematode was found;
b The number of co-occurring nematode species (prevalence);
c The Jaccard coexistence index between the species of nematode (%)

Parasite Toxocara canis Toxascaris leonina Uncinaria stenocephala Trichuris vulpis

Toxocara canis 187a 3.8c 14.2c 6.5c

Toxascaris leonina 14b

(2.3)
163a 9.7c 6.7c

Uncinaria stenocephala 66b

(10.7)
40b

(6.5)
211a 7.2c

Trichuris vulpis 18b

(2.9)
17b

(2.7)
22b

(3.6)
74a
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This situation could be caused by the availability of food, 
mostly rodents, in the environment occupied by the 
foxes. Okulewicz et  al. [52] highlight the role of small 
rodents as paratenic hosts of nematodes and note that 
rodents may contribute significantly to the spread of T. 
canis and T. leonina in the environment. Pucek et al. [53] 
report that most species of rodents display cycles charac-
terised by periodic and rapid changes in population den-
sity. In the case of forest mice and voles, their numbers 
are directly influenced by mast years of deciduous tree 
species (oak, beech, hornbeam) and weather conditions 
in the winter season [54].

The abundance of T. canis and T. leonina in foxes is also 
influenced by the growing number of animals infected 
with the parasites, the large numbers of eggs excreted 
into the environment, and the considerable resistance 
of the eggs to adverse environmental conditions. Given 
appropriate temperature and humidity conditions, eggs 
are known to remain infective for at least a year [54]. 
Otranto and Deplazes [55] note that T. canis infections 
are generally higher in young foxes, i.e. under six months 
of age, although adult foxes with weak immunity also 
demonstrate a relatively high infection rate by intestinal 
parasites in endemic areas.

A higher prevalence of T. canis than T. leonina has also 
been found in other countries, including Denmark (59.4 
and 0.6%) [51], Italy (52.6 and 0%) [37], Slovakia (25.8 and 
17.5%) [56], and Kyrgyzstan (30.4 and 5.9%, respectively) 
[57]. However, T. leonina has been found to predominate 
over T. canis in other countries, such as Sweden (65.0 and 
30.0%) [50], Turkey (65.0 and 20.0%) [58], and Norway 
(12.9 and 1.6%, respectively) [49]. An exception was the 
Czech Republic, where both species were present in foxes 
in equal numbers [2].

The most rarely-found parasite in this study was T. 
vulpis. This finding confirms the results of Karamon et al. 
[40] from Poland, who estimate its prevalence among 
foxes to be 1.3% in south-eastern Poland and 4.4% in 
northern Poland. A high prevalence (64.4%) has only 
been reported in southern Poland [59]. Interestingly, this 
parasite has not been found in central Poland [60].

In other European countries, the occurrence of T. 
vulpis among foxes varies considerably. In Italy, 12.3% 
of tested foxes were found to be infected [37], while the 
prevalence was found to 7.7% in Sweden, 5.5% in Switzer-
land, 4.8% in Ukraine, and 1.6% in Norway [6, 37, 47, 49]. 
However, as surveillance in foxes is often limited to the 
small intestine, T. vulpis, which is localized in the large 
intestine, is not typically considered during post-mortem 
parasitological investigations [40].

In the present study, similar nematode prevalence lev-
els were observed between male and female foxes. Simi-
larly, previous studies have also reported no sex-related 

differences in prevalence [2, 41]. Vervaeke et al. [61] sug-
gest that these observed lack of sex-driven differences 
in the prevalence of nematodes may result from the fact 
that both male and female foxes feed on the same type of 
food. Their main diet is rodents, which are intermediate 
hosts of many parasite species. However, the higher prev-
alence of T. canis observed in males in the present study 
might be a result of behavioural differences between the 
sexes. Male foxes are more active than females, and their 
hunting grounds are larger than those of females. Moreo-
ver, males are larger than females, and have higher food 
requirements [62].

Unfortunately, it is difficult to find suitable comparisons 
for our results regarding the distribution of parasites in 
the digestive tract of the studied foxes, as literature in this 
area is scarce. Based on the present findings, the nema-
todes T. canis and T. leonina prefer to colonize the duo-
denum and jejunum and are significantly less commonly 
observed in the ileum. U. stenocephala colonizes the jeju-
num far more readily than the duodenum or ileum. One 
exception is T. vulpis, which was observed only in the 
caecum, suggesting that this may be the predilection site 
of the parasite. A similar prevalence was found by Fiocchi 
et al. [37] in the caeca of seven foxes (12.3%).

U. stenocephala was found to co-occur most often 
with T. canis (J = 14.2%) and less often with T. leonina 
(J = 9.7%). T. canis and T. leonina were found to co-occur 
in only 14 foxes (J = 3.8%). Therefore, the high prevalence 
of T. canis in foxes and pets may lead to a low prevalence 
of T. leonina and vice versa [50]; however, Jankovska et al. 
[2] report the co-occurrence of these two nematode spe-
cies in 70.6% of tested foxes in the Czech Republic.

The differences observed in the prevalence of nema-
todes between specific European countries might be an 
effect of the variable diet of the foxes, which depends 
on the geographical location and species variability of 
prey in a given region [62]. Foxes prefer to hunt for small 
rodents in their hunting range. This is particularly noted 
in areas with large populations of some rodent spe-
cies, such as voles; for example, in western and north-
ern Poland, markedly greater consumption of voles and 
other field rodents may be observed in the summer and 
autumn seasons. In central and eastern Poland, however, 
the winter diet of foxes is dominated by rodents, hares 
and carrion; hares and birds dominate in spring, and 
large amounts of fruit appear in the diet in summer and 
autumn [63]. In places where voles are absent, e.g., in Ire-
land, foxes readily eat other rodent species, such as rats 
[64]. Carrion is a regular component of the diet of foxes, 
irrespective of their place of occurrence; in fact, under 
specific circumstances, carrion may constitute almost 
half of their diet [62]. A substantial share of carrion in 
the diet is observed in mountain areas and forests in the 
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Northern Hemisphere because thick and long-lasting 
snow cover makes catching small rodents difficult [65].

The foxes inhabiting north-western Poland demon-
strate are frequently hosts to nematodes. A number of 
studies suggest that the prevalence of geohelminths is 
associated with climate conditions, inter alia tempera-
ture, air and soil humidity, and mean annual rainfall, 
which extend the lifespan of their free-living develop-
mental stages [2, 40, 66–68]. The region of north-west-
ern Poland is particularly suitable for the development of 
parasites, being situated close to the sea, with substan-
tial forest cover and a temperate climate, a total annual 
rainfall of 500–800  mm, a mean annual temperature of 
7–9  °C and high humidity. Such conditions certainly 
increase the threat to the health of humans and pets by 
increasing the risk of parasite transmission. This risk is 
further increased by the growing number of foxes search-
ing for new places to live in areas inhabited by humans.

Conclusions
Our findings demonstrate that nematodes are present 
in high prevalence and intensity among foxes in north-
western Poland. Furthermore, this high prevalence of 
nematodes in foxes may likely constitute a health risk to 
humans and domestic animals due to increasing fox den-
sities in urban and periurban areas.
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