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Abstract Heavy metal (Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn)
levels in red fox small intestine samples with or without
Echinococcus multilocularis infection were studied. The red
foxes were taken from the open countryside of northwest
Bohemia (CR). Red foxes with E. multilocularis infection
had lower levels of toxic metals (Cd, Pb); cadmium levels in
infected foxes (0.0052 mg/kg) were twice as low as in unin-
fected foxes (0.0106 mg/kg). This was the same case for lead:
0.0288 mg/kg infected red foxes (inf.) and 0.0413 mg/kg
uninfected (uninf . ) . Conversely, red foxes with
E. multilocularis infection yielded higher concentrations in
comparison to their uninfected counterparts: Cr (0.0087mg/kg
uninf. and 0.0116 mg/kg inf.), Cu (0.2677 mg/kg uninf. and
0.3205 mg/kg inf.), Fe (6.46 mg/kg uninf. and 10.89 mg/kg
inf.), Mn (0.1966 mg/kg uninf. and 0.2029 mg/kg inf.), Ni
(0.0415 mg/kg uninf. and 0.064 mg/kg inf.) and Zn
(16.71 mg/kg uninf. and 20.25 mg/kg inf). This could support
the hypothesis that tapeworms are able to absorb toxic heavy
metals from the host body into their tissues, as well as to
modify other element concentrations in the host body.
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Introduction

The red fox (Vulpes vulpes Linnaeus, 1758) is a repre-
sentative of the canid family. It is widely distributed in
the Northern Hemisphere, and it is the most abundant
wild carnivore living in the territory of the Czech
Republic. Annual captures in the Czech Republic cur-
rently range between 60,000 and 90,000 foxes, and
populations continue to grow (Červený et al. 2004).
The increase in the distribution and density of red fox
(V. vulpes) in most European countries could be ex-
plained by a reduction in the mortality rate, which is
due to an intensive campaign of vaccination against
rabies (oral baits) as well as to the opportunist behav-
iour of the red fox (Hanosset et al. 2008; Červený et al.
2004). The red fox is a common host of the tapeworm
Echinococcus multilocularis; this parasite is the causa-
tive agent of alveolar echinococcosis, a zoonotic para-
sitic disease that causes a severe hepatic disorder in
humans (Letková et al. 2006). Several intestinal hel-
minths are able to accumulate considerable concentra-
tions of heavy metals (Sures et al. 2000, 2002, 2003).
Because very few comparative studies on heavy metal
concentrations in tissues of infected and uninfected
hosts are available, it remains unclear whether conspic-
uous metal accumulation by parasitic worms affects the
metal levels in the tissues of a definitive host. This
information is also very important with respect to the
use of the tissues of these animal tissues in monitoring
of environmental pollution.

Hypothesis: The ability of a tapeworm to absorb
toxic heavy metals from a host intestine can alter
(decrease) those element concentrations in the host
small intestine. Conversely, tapeworm presence can in-
crease other elements (Cr, Cu, Fe, Mn, Ni and Zn) that
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are essential for the functioning of a number of immune
system components.

Material and methods

Field research was conducted in northwest Bohemia near the
city of Karlovy Vary. We examined a total of 48 red foxes
collected in the winter of 2010–2011. The majority of animals
were shot in the course of population control programmes.
The carcasses were wrapped in plastic bags and stored at −20 °
C until further examination. During the necropsy, the animals
were sexed and their ages were evaluated. All of the animals
used in this experiment were adults over 2 years old. The
entire gut was removed and kept for at least 3 weeks at −78 °C
in order to inactivate the infective material. The animals were
dissected in the laboratory, and the presence of
E. multilocularis was determined. Experimental material was
obtained from a total of 12 red foxes (6 females and 6 males);
6 (3 females and 3 males) were infected with E. multilocularis
alone (mean intensity of infection was about 1000 specimens
per red fox) and 6 uninfected fox (3 females and 3 males).
Samples of the small intestine were put into deep freeze until
posterior processing for chemical analysis.

Determination of trace elements in animal tissues
and parasites

The specific levels of cadmium (Cd), chromium (Cr), copper
(Cu), iron (Fe), lead (Pb), manganese (Mn), nickel (Ni) and
zinc (Zn) were determined in digested samples of the small
intestines of red foxes by atomic absorption spectroscopy
(AAS).

Frozen samples were dried by the lyophilisation using the
LYOVAC GT 2 (LEYBOLD-HERAEUS, GmbH, Germany)
and microwave digested in an acid solution using MWS-3+
(Berghof Products + Instruments, Germany) as described by
Jankovska et al. (2011).

The concentrations of lead, cadmium, chromium and nick-
el in the digests were measured by ETAAS technique using
Varian AA 280Z (Varian, Australia) with graphite tube atom-
izer GTA 120 and PSD 120 programmable sample dispenser.
The concentrations of Mn, Fe and Zn in the same digests were
measured by FAAS using Varian AA 110 (Varian, Australia).
Standard solutions ASTASOL (Analytika, CR) of Cd, Pb, Cr,
Ni, Fe, Mn and Zn were used in the preparation of calibration
curves for the measurements.

The quality of analytical data was assessed by simulta-
neous analysis of certified reference material CRM 12-02-01
(Bovine Liver) (4 % of all the samples). Analytical data
obtained for all determined elements were found in the confi-
dence interval given by the producer of the CRM for this

element. The background of the trace element laboratory
was monitored by analysis of 17.5 % blanks prepared under
the same conditions, but without samples, and experimental
data were corrected by mean concentration of the elements in
blanks and compared with detection limit (mean ±3 SD of
blanks) which were 0.2 ng ml−1 for Pb, 0.08 ng ml−1 for Cd,
0.17 ng ml−1 for Cr, 0.21 ng ml−1 for Ni, 3.2 ng ml−1 for Cu,
2.7 ng ml−1 for Mn, 10.4 ng ml−1 for Fe and 7.5 ng ml−1 for
Zn.

Statistical evaluation

Basic descriptive statistics were computed. The normality of
the data was tested separately using a Shapiro-Wilk test.
Considering the results of the normality test, a nonparametric
Mann-Whitney U test was used for the evaluation of differ-
ences between males and females. Statistica ver. 12 (StatSoft,
Inc 2013) was used for all statistical analyses.

Results and discussion

Cadmium is a widespread pollutant, largely increasing as a
result of mining, smelting and burning activities. Unlike or-
ganic compounds, Cd is not biodegradable and has a very long
biological half-life (Xuan et al. 2014). Red foxes with
E. multilocularis infection had lower concentrations of toxic
metals (Cd and Pb) in small intestine tissues than uninfected
fox (Fig. 1); this could support the hypothesis that tapeworms
absorb toxic heavy metals from the host body into their
tissues.

Conversely, red foxes with E. multilocularis infection
yielded higher concentrations of Cr, Cu, Fe, Mn, Ni and Zn
(Fig. 2).

Heavy metals are continuously being added to soils
through various agricultural and industrial activities, which
pose potential threat on food safety and health risks (Zhang
et al. 2014). Chronic ingestion of environmental heavy metals
is associated with the occurrence of various diseases.
Intestinal absorption of heavy metals leads to accumulation
in specific target organs, with severe detrimental effects on
health. High concentrations of nonabsorbed heavy metals
remain in the gut microenvironment, where they may have a
direct impact on the gut ecosystem and its overall physiology.
The gut microbiota has been described as a complex hidden
organ, which plays a key role in the maintenance of health
(Breton et al. 2013). Kazi et al. (2014) report that nutrition
may play a role in reducing the adverse effects of Pb.
According to our results, tapeworms in the small intestine
may also play an important role in reducing toxic metals. In
our experiment, red foxes with E. multilocularis infection had
lower levels of toxic metals (Cd and Pb); cadmium levels in
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infected foxes were twice as low (0.0052 mg/kg) as in unin-
fected foxes (0.0106 mg/kg). This was the same case for lead:
0.0288 mg/kg infected red foxes (inf.) and 0.0413 mg/kg
uninfected (uninf.; Fig. 1). Conversely, red foxes with
E. multilocularis infection yielded higher concentrations in
comparison to their uninfected counterparts: Cr (0.0087mg/kg
uninf. and 0.0116 mg/kg inf.), Cu (0.2677 mg/kg uninf. and
0.3205 mg/kg inf), Fe (6.46 mg/kg uninf. and 10.89 mg/kg
inf.), Mn (0.1966 mg/kg uninf. and 0.2029 mg/kg inf.), Ni
(0.0415 mg/kg uninf. and 0.064 mg/kg inf.) and Zn
(16.71 mg/kg uninf. and 20.25 mg/kg inf.; Fig. 2). Our values
were much lower than the maximum permissible values for
the environment (soil) and food (muscle) in the Czech
Republic and EU countries.

Therefore, these findings are essential when carrying out
environmental pollution monitoring analysis, which must take
into consideration important factors such as animal sex
(Jankovská et al. 2014) and intestinal helminth presence
(Sures et al. 1999; Sures et al. 2003; Sures 2001, 2004;
Jankovska et al. 2010). In this study, there were no differences
between male and female red fox heavy metal accumulation.
Intestinal helminth presence is an important factor because
one hypothesis (Sures et al. 1999) states that parasitic hel-
minths without a digestive tract (Cestoda, Acanthocephala)
and with a metabolic active body surface–tegument accumu-
late toxic metals (mainly Pb and Cd) to a higher degree than
do the host tissues (Sures and Siddall 1999; Sures 2001; Sures
et al. 2003; Jankovska et al. 2012).

We tried to analyse heavy metal concentrations in
E. multilocularis tapeworms. However, the correct determina-
tion of elements in E. multiloculariswas impossible due to the
very small magnitude of the parasites (approximately 1 mm).
If parasite mass is less than 1–2 mg dry weight, element
concentrations are very difficult to detect using analytical
methods. Nevertheless, we found the following heavy metal
concentrations (mg/kg dry weight) in fox tapeworms from our
previous analyses: Cr 0.140, Ni 0.827, Zn 354.0, Cd 0.427,

Cu 36.03, Mn 87.54 and Pb 45.60 mg/kg dry weight. These
values in fox tapeworms were 12.1, 12.9, 17.5, 82.1, 112.4,
431.4 and 1583.3 times higher than those in fox intestinal
tissue for Cr, Ni, Zn, Cd, Cu, Mn and Pb, respectively.
Because very few comparative studies on heavy metal con-
centrations in tissues of infected and uninfected hosts are
available, it remains unclear whether conspicuous metal ac-
cumulation by parasitic worms affects the metal levels in the
tissues of a definitive host.

Jankovska et al. (2010) tested the reliability of the
cestode/red fox (V. vulpes) model as another bioindicator
for heavy metal pollution detection under field (forest)
conditions. These species were chosen since there are no
other models that utilise carnivora and their parasites in
environmental monitoring. The impact of the parasite bur-
den on bioaccumulation of heavy metals in target organs
of red foxes (the liver and kidneys) was studied
(Jankovska et al. 2010); in that study, the accumulation
of heavy metals in red fox parasites was accompanied by
a significant lead content decrease in the host kidneys
when compared to the host kidneys of noninfected ani-
mals. The infection of red fox (V. vulpes) by parasitic
helminths was reflected in a significant increase of copper
and manganese in the host livers in comparison with the
nonparasitized group.

Trace elements are essential for health and immunity. Kilic
et al. (2010) investigated the changes in the total content of the
essential element (copper) in patients infected with Giardia
intestinalis. The mean concentration of copper in serum was
significantly higher in G. intestinalis-positive subjects than in
their controls; this difference was evident in both females
(p<0.05) and males (p<0.05). No correlation could be dem-
onstrated between age and copper mean value in
G. intestinalis-positive females and males (p>0.05). When
compared to control groups, copper levels clearly increased
in patients infected with G. intestinalis. It is suggested that
animals with parasite infection can have higher concentrations

Fig. 1 Box plots illustrate the
differences between
concentrations of toxic metals (Pb
and Cd) in the small intestinal
tissues of foxes infected with
tapeworms (“presence”) and
those of foxes without tapeworms
(“absence”). The graph presents
the following values: black mark
median, box 25–75 %, whiskers
min-max
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of essential elements because those elements positively influ-
ence the functioning of various immune system components
(Yatoo et al. 2013). For example, zinc is an essential element
for the maturation of T lymphocyte cells. The mammalian
spleen is an important component of the immune system; it
helps the body to resist parasites and induces immune re-
sponses by B and T lymphocytes. E. multilocularis growth
appears to be controlled by the host T cell, and, at least in the
early phase of the disease, T lymphocytes probably play the

most important role in the immune response to the parasite
(Hegglin 2003).

Our present results also confirm higher Cr, Cu, Fe, Mn, Ni
and Zn concentrations and lower Cd and Pb concentrations in
small intestine tissues of foxes with E. multilocularis infec-
tion. Unfortunately, the only statistically significant difference
between element concentrations in foxes with tapeworms and
those without tapeworms was with respect to iron (Fe). In all
other cases, element concentration differences were

Fig. 2 Box plots illustrate the
differences between levels of Fe,
Cu, Zn, Cr, Ni and Mn in foxes
infected with tapeworms
(“presence”) and those in foxes
with no tapeworm infection
(“absence”). The graph presents
the following values: black mark
median, box 25–75 %, whiskers
min-max
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statistically insignificant. Nevertheless, as seen in the box
plots (Figs. 1 and 2), certain differences are evident. The
reason these differences are insignificant could be due to the
low number of animals killed for this analysis.

Trace elements act as cofactors of enzymes, which are
necessary for an animal’s immunity (Yatoo et al. 2013). One
possible reason for higher essential metal concentrations in
infected red foxes is activation of the immune system due to
tapeworm presence. These essential metals are contained in
proteins, which take part in the immune system response.
Primarily, zinc plays important role in anti-inflammatory ac-
tivity which preserves the intestinal structure which is
disrupted by the presence of parasites.

The mechanism whereby cestode-infected animals accu-
mulate less toxicants than do their parasite-free counterparts is
unknown; however, this may be (among other factors) partial-
ly due to their lower metabolic rate (Bergey et al. 2002). Our
results can also suggest altered element metabolism due to
pathophysiologic changes in intestinal parasite infection.
Detailed biochemical and molecular studies on large samples
are needed to clarify the relationship between intestinal para-
sitic diseases and element level changes in intestinal tissues.

Our present results also could support the hypothesis that
tapeworms absorb toxic heavy metals from the host body into
their tissues. The results of this study should always be taken
into consideration when conducting environmental monitor-
ing analysis.
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