
Introduction

Soil is a surface, biologically active layer of the
lithosphere. It enters into the composition of all
terrestrial ecosystems and occupies a special
position in the natural environment. It participates,
among other things, in the production and
decomposition of biomass, the cycle of elements
and energy in ecosystems, as well as the
accumulation and protection of water resources. It
creates a habitat for many organisms participating in
the course of soil processes and maintenance of food
safety, the taxonomic and functional diversity of
which is affected by the agricultural practices
applied [1].

The main direction of using soil resources by
humans is agricultural production, which includes
activities in the area of plant and food production
(field crops, horticulture, vegetable growing, fruit
growing), as well as breeding and livestock rearing.
In Poland, agricultural areas occupy the surface of

approximately 14,600,000 ha, which is nearly 50%
of the total territory of the country [2]. Farming and
livestock rearing generate large amounts of organic
waste, raw materials and by-products which,
considering chemical composition, properties and
high biological activity (activity of micro -
organisms), require proper management with the
simultaneous preservation of protection of the
natural environment, food safety, and health of
humans and animals [3,4]. A common direction in
the use of agricultural waste is farming and
reclamation of land, production of fertilizers and
soil conditioners, and improvement of physico -
chemical properties of agriculturally used soils [5].
Improper processing, use and storage of fertilizers
produced from agricultural waste results in the
biological contamination   of surface and deep
waters and soils. This leads to contamination of
cultivated plants designed for consumption or
livestock feed. Pathogenic microorganisms may be
introduced into the soil, including bacteria
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Salmonella spp., Escherichia coli, Brucella spp.,
Chlamydia spp., Leptospira spp., Rickettsia spp.,
Mycobacterium spp., protozoa of the genera
Eimeria spp., Giardia spp., Cryptosporidium spp.,
as well as the eggs and larvae of parasitic nematodes
[6,7]. The occurrence in soil of dispersive forms of
some nematode species (geohelminths) is naturally
connected with their development cycle. The eggs
are excreted with the hosts’ faeces into the external
environment, where in optimum conditions of
humidity, temperature, and oxygen availability, they
undergo further development to an invasive form.
Several species of geohelminths are of primary
epidemiological importance, including: human
roundworm Ascaris lumbricoides, pig roundworm
Ascaris suum, whipworm Trichuris trichiura, dog
roundworm Toxocara canis and feline roundworm
Toxocara cati, with which humans are infected most
often via the alimentary route, by contact with
contaminated soil and consumption of contaminated
vegetables and fruits. The eggs of the above
mentioned nematodes are resistant to the effect of
environmental factors and are characterized by long
survival in the environment, while maintaining
invasiveness (from 5–10 years). Several years of
survival of invasive eggs may lead to their
accumulation in the external environment. 

The article discusses the sources and degree of
contamination of agriculturally used soil in Poland,
and the resulting potential health risk for people
exposed to contact with soil in which the eggs of
intestinal parasites of the genera Ascaris spp.,
Trichuris spp. and Toxocara spp. are present.

Sources and degree of parasitological
contamination of soil in Poland

In Poland, studies of biological contamination of
soil with the eggs of intestinal parasites from
geohelminths group were carried out mainly in
urban areas. The degree of parasitological
contamination of soil collected from various public
places, including  sandboxes and playgrounds for
children, recreation areas, parks and urban squares,
was estimated at 41.4% – in Szczecin, 21.6% – in
Lublin, 20% – in Wrocław, and 1.25–25% in Warsaw
and its vicinity [8–11]. The majority of detected
geohelminths eggs belonged to the genera Toxocara
spp. and Trichuris spp., and the species Toxascaris
leonina. 

High contamination of agricultural land used for
the cultivation of vegetables and fruits was observed

in rural areas. In the Lublin Province, the eggs of
geohelminths were detected in 88.5% of samples of
soil from conventional farms, and in 32.8–42.16%
of soil samples from farms run in the ecology
system [12,13]. The data by Kłapeć (data
unpublished) show that the contamination of soil
with the eggs of intestinal parasites on conventional
farms (56.9%) is nearly three times higher than in
ecology farms (19.3%). At the same time, it was
found that the samples of soil collected from
vegetable gardens were most contaminated
parasitologically (34.4%). Kłapeć et al. [14] observed
the presence of the eggs of Ascaris spp. and Toxocara
spp. in 18 out of 45 samples of soil used for
greenhouse crops and under foil cover,
simultaneously indicating a high level of
parasitological contamination – 40%. Studies of the
contamination of soil with the eggs of geohelminths
were also carried out in rural areas located near
Łódź, where small, family farms are engaged in the
breeding of swine, cattle and poultry [15]. The eggs
of Ascaris spp. were most frequently detected in the
samples of soil from cultivated land (87.%)
fertilized with liquid pig manure. In turn, the largest
amount of the eggs of Toxocara spp. were found in
samples of soil collected from home gardens
(73.9%), to which both dogs and cats had an access.
Studies of the samples of soil used for the
cultivation of vegetables and fruits in the rural areas
showed the degree of parasitological contamination
on the level of nearly 25% (unpublished data).
Similar to the studies by other researchers, the most
often detected, and in large numbers, were
dispersive forms of parasitic nematodes, the eggs of
Ascaris spp., Toxocara spp. and Trichuris spp. 

The presented results of studies by various
researchers indicate a high parasitological
contamination of soils in Poland, and thus a real
problem of threat to public health. Based on the
identified genera and species of geohelminths in the
examined soil samples, it may be presumed that the
type and degree of parasitological contamination of
soil in urban and rural areas is associated with the
occurrence of different sources of the spread of
parasites in the environment. In the examined
samples of soil collected in urban areas, the highest
percentage was found of the eggs of Toxocara spp.,
which evidences the dominant contribution of
carnivorous animals (dogs, cats) in the transmission
of the parasite. In Katowice, the presence of the
eggs of this species was confirmed in approximately
50% of the examined samples [16].  In rural areas,
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the main source of parasitological contamination of
agriculturally used soil were natural fertilizers
(slurry, liquid manure, manure), organic and
organic-mineral fertilizers, and soil conditioners
produced from by-products of animal origin. It was
confirmed that some agricultural practices are highly
associated with the contamination of soil by parasite
eggs [17]. Studies of organic fertilizers carried out
during 2014–2015 at the Department of Parasitology
and Invasive Diseases, National Veterinary Research
Institute in Puławy, demonstrated that the percentage
of positive samples containing the eggs of parasitic
nematodes was on the level of 65%, including 89% of
samples from biogas plant, 7.9% samples of
fertilizers produced from sewage sludge, and 2.6% of
samples from bio-composting plant [18]. In positive
samples, the eggs of nematodes of the genera Ascaris
spp. and Trichuris spp. were found, while the eggs of
parasites of the genus Toxocara spp. were not
detected. A serious risk of biological contamination is
also associated with the agricultural  use of sewage
and sewage sludge with an unknown sanitary
condition.  The presence of the eggs of parasites of
the genera Ascaris spp. (84.3%) and Trichuris spp.
(17.2%) was confirmed in approximately 45% of
fermented sewage sludge [19]. The application of a
new, more effective method of detection of the eggs
of intestinal parasites from sewage sludge showed a
considerably higher degree of parasitological
contamination – 99% [20]. The eggs of the genera
Ascaris spp., Trichuris spp. and Toxocara spp. were
found subsequently in 95%, 96% and 60% of
samples of dehydrated sewage sludge collected
from various municipal sewage treatment plants in
Poland.  

Wild animals are the reservoir of zoonotic
parasitic nematodes. Developmental forms of
parasites of the genera Toxocara spp., Trichuris
spp., Capillaria spp., Eimeria spp., Trichostongylus
spp. were detected in more than 66% of samples of
faeces from boars, hares, deer and fallow deer
inhabiting the areas of the Poznań Province [21].
Boars occurring in agriculturally used areas were
most often infected with Ascaris suum (61.5%) and
Trichuris suis (84.6%) [22]. It was confirmed that
there is the possibility of transmission of parasites
between boars and breeding pigs via soil fertilized
with pig manure. Simultaneously, a study conducted
on Polish pig farms demonstrated that the
percentage of the occurrence of invasion with
Ascaris suum and Trichuris suis was subsequently
28.6% and 21.4% [23]. A high percentage of

infection of animals with Trichuris spp. (53.5%)
was observed in the population of moose in north-
eastern Poland, in the Biebrza wetlands [24].
Infected animals contribute to the spread and
preservation of invasive forms of zoonotic species
of parasites in the external environment. Moreover,
an increase in the population of wild animals,
fragmentation and shrinking of their habitation
areas, as well as adjustment to life in the vicinity of
human settlements, creates the possibility of
biological contamination of soil and threat to human
health, domestic and farm animals in rural areas
[21].

Also, domestic animals which are the reservoir
of Toxocara spp., participate in the parasitological
contamination of soil. A coprological study of rural
dogs in the Provinces of Warsaw and Kraków
showed a high extensiveness of infections with
intestinal parasites reaching from 0.9–22.2% [25].
The eggs of zoonotic geohelminths Toxocara canis
and Trichuris vulpis were detected in 7.2% and
20.2% of samples of faeces, respectively. In turn,
Michalczyk et al. [26], in their study found the eggs
of Toxocara canis in more than 40% of samples of
faeces in rural dogs. It is noteworthy that among the
owners of animals in cities, the awareness of the
necessity to observe the principles of prophylaxis
and regular deworming of dogs and cats, justified
the need for removing faeces from the environment,
and is considerably higher than among the
inhabitants of rural areas. 

Legal regulations and methods of
examination of the sanitary state of soil in
Poland 

In Poland, there is no obligation to conduct
monitoring of the sanitary state of agriculturally
used soil. Polish and EU regulations concern only
issues related with the principles of production,
storage, and  admission to trading and use of organic
fertilizers, and soil conditioners containing raw
material of plant or animals origin, which may be
the source of hazardous biological agents
introduced into the soil environment, and may
create a threat to health for humans and animals
alike. The basic Polish legal act regulating the
above-mentioned problems is the Act of 10 July
2007 in the matter of fertilizers and fertilization
[27], supplemented by a series of executive acts,
including the Regulation of the Minister of
Agriculture and Rural Development of 16 April
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2008 on the detailed manner of applying fertilizers
and conducting training in their use [28], and the
Regulation of the Minister  of Agriculture and Rural
Development of 18 June 2008 on the implementation
of certain provisions of the Act on fertilizers and
fertilization [29]. In the case of the use of by-products
of animal origin or their derivatives for the
production of fertilizers or soil conditioners, the
relevant provisions of the veterinary law apply [30].
Considering the transmission of pathogenic agents
along the food chain and the relationship between soil
microflora and the microflora of plants cultivated on
this soil, the applicable legal requirements contribute
to the reduction of health risk to consumers [31].
The New Water Law [32] imposes a number of
obligations on farmers associated with safe storage
and application of natural fertilizers (slurry, liquid
manure, manure), in order to protect water and soil
against chemical and biological contamination.
According to this Act, natural fertilizers cannot be
applied on soils flooded with water, covered with
snow, frozen to the depth of 30 cm, and on land
where deep water is to a depth of less than 1.5 m,
and during rainfall. It is prohibited to apply liquid
natural fertilizers on soil located on slopes of more
than 10% without plant cover, and during vegetation
of plants designed for direct consumption by
humans.  

In Poland, the parasitological indicators belonging
to the evaluation of the sanitary  state of soil are live
eggs of parasites belonging to nematodes of the
genera Ascaris spp., Trichuris spp., Toxocara spp.
[19]. The methods of their detection and
determination in soil samples have been developed
and contained in the Polish Standard No. PN-Z-
19000-4:2001 [33], and in Methodological
Guidelines (bacteriological-parasitological) for the
sanitary evaluation of soil [34]. Detection of the
presence of at least one invasive form of Ascaris spp.,
Trichuris spp., Toxocara spp. in the examined sample
allows it to be considered as contaminated. 

Effect of parasitological contamination of
soil on human health 

Human roundworm, Ascaris lumbricoides and
whipworm Trichuris trichiura, are cosmopolitic
nematodes that are parasitic in the human
alimentary tract. They cause diseases such as
ascariosis and trichuriosis. In humans, cases of
infection with Ascaris suum and Trichuris suis were
commonly observed occurring in pigs and boars,

and also Trichuris vulpis occurring in canids
[35–37]. The frequency of occurrence of ascariosis
in Poland is estimated at 1–18%, in turn, the
frequency of infection with whipworm in humans
ranges from 2.3–25% [38]. In the majority of the
infected people the course of invasion is
asymptomatic. In the clinical image of ascariosis
symptoms are distinguished related with the
migration of larvae, invasion into the small
intestine, and complications. The symptoms are
non-specific, remind gastrointestinal diseases,
allergies, cutaneous symptoms, infections of the
upper airways, or bronchial asthma [39]. Infection
with Ascaris lumbricoides in children and adults
may affect the nervous system and occurrence of
psychomotor disorders, such as motor and vocal
tics, onychophagia, and hyperexcitability [40].
Similarly, the majority of cases of trichuriosis in
humans have an asymptomatic course or a mild
form. In persons with a massive invasion there may
occur symptoms on the part of alimentary system,
including stomach ache, lack of appetite, diarrhea
and vomiting [41]. A serious threat to human health
are also eggs of the nematodes Toxocara canis and
Toxocara cati parasiting on carnivorous animals
[42]. Humans are incidental hosts for these
nematodes. The parasite does not develop in human
body to the adult form, but remains in the internal
organs at the L3 larval stage, causing toxocarosis
[43,44]. According to the course of infection and
location of larvae in the internal organs four clinical
forms of the disease are distinguished: subclinical,
visceral (organ), ocular and neurological. 

The presence of parasitic worms in the
gastrointestinal tract may exert an effect on the
composition and functioning of the intestinal
microbiota of the host, thus affecting  modulation of
the immune system and  homeostasis of the whole
body [45]. Studies on the effect of infection with
parasitic worms on the intestinal microbiota in
humans have been recently originated. Chronic
invasions of intestinal parasites may affect human
health by impairment of nutrition leading to
malnutrition, vitamin deficiencies, micronutrient
deficiencies (iron, zinc), decrease body resistance
and effectiveness of prophylactic vaccinations
[46–48]. They may also cause eosinophilic
pneumonia [49] and anaemia [50]. Infections may
be conducive to the occurrence of co-infections with
other pathogens, exert an effect on their
pathogenesis [51], and increase the risk of
occurrence of allergic diseases [52]. 
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The presence of invasive forms of intestinal
parasites in the environment poses serious health
risk for humans. Since 2009 there has been a lack of
data concerning morbidity due to ascariosis,
trichuriosis and toxocarosis among humans in
Poland. This results from the fact of the removal of
these disease entities from the Act of  5 December
2008 on the prevention and control of infections and
infectious diseases in humans [53]. According to the
registers by the National Institute of Public Health-
National Institute of Hygiene (NIZP-PZH) kept in
Polnd in the years 2003–2008 the number of cases
of ascariosis was from 3,091–5,817 annually, that of
toxocarosis – from 167–647 cases, whereas the
number of cases of invasion with other
gastrointestinal nematodes was from 9–23 [54]. In
the subsequent years an upward tendency was
observed in the number of reported cases of
ascariasis and toxocarosis.  

Apart from the register by the NIZP-PZH, few
data concerning the degree of infection with
gastrointestinal parasites in humans in Poland come
from scientific studies and research projects pursued
by scientific-research institutions and health care
facilities [55]. Most frequently population screening
studies for the occurrence of parasitic diseases of
the gastrointestinal tract were carried out among
children at school age, as a group at elevated risk of
infection, as well as among participants of military
operations, soldiers and their families, and
hospitalized patients. A study by Wasilewska et al.
conducted in 2011 [39] in eastern Poland showed
invasions of Ascaris in 3% of 3-year-old children,
8.1% of  children aged between 4–7, and in 15.8%
of those aged 8–18. A study of a group of children
and adolescents conducted by Żukiewicz et al. [56]
demonstrated that the frequency of occurrence of
ascariosis reached nearly 56%, while that of
toxocarosis – more than 17%. Parasitological
examination of faeces carried out by Raś-Noryńska
et al. in 2011 [57] in a group of children and
adolescents who did not show any symptoms
directly related with invasion of parasites showed
that 0.6% were infected with Trichuris trichura and
0.5% – with Ascaris lumbricoides. In addition,
based on the result of a study conducted in the Łódź
Province, a relationship was found between positive
results of serologic tests for toxocarosis in children,
and the presence of the eggs of Toxocara spp. in soil
from patients’ places of residence [58]. Indirect or
direct contact with pigs infected with Ascaris spp.
increases the risk of parasite invasion in humans

performing work activities related with plant
growing and livestock breeding [59]. To-date, no
screening studies have been conducted in Poland for
ascariosis, trichuriosis and toxocarosis in groups of
people at a potentially elevated risk of infection.
Considering the degree of contamination of soils
with the eggs of geohelminths in Poland, it may be
presumed that farmers may be a group exposed to
parasitic diseases. 

The general epidemiological situation of the
occurrence of ascariosis, trichuriosis and
toxocarosis in Poland is unknown. At present, no
routine examinations are performed for parasite
invasions among children at pre-school and school
age, and generally a decrease is observed in the
number of persons referred to parasitological stool
examinations due to the suspicion of intestinal
parasitosis.  

In conclusions, the occurrence of invasive forms
of intestinal parasites in soil may create a health risk
for humans, especially those engaged in plant
growing and livestock breeding. Based on the
presented results of environmental studies
concerning contamination of soil with the eggs of
geohelminths Ascaris spp., Trichuris spp., Toxocara
spp., and frequent contact with agriculturally used
soil, it may be presumed that in Poland farmers and
their families are the occupational group at an
increased risk of invasion with intestinal parasites.
Considering the degree of parasitic contamination
of the soil environment and its participation in the
food chain, also gardeners, forestry workers, fruit
growers, persons engaged in livestock breeding, and
growing vegetables and fruits for personal use may
be exposed to the occurrence of parasitic diseases.
The results of studies carried out in Poland indicated
high a contamination of the soil environment in the
rural areas with the eggs of intestinal parasites
belonging mainly to the genera Ascaris spp. and
Toxo cara spp. Compared to the soil environment in
urban agglomerations, in the rural areas considerably
more sources of contamination of soil with invasive
forms of geohelminths are observed. In order to
protect soil against biological contamination, legal
obligations are imposed on farmers associated with
safe storage and use of solid and liquid fertilizers in
agriculture. Despite the regulations in effect, the use
of these fertilizers is not controlled. It may be
presumed that an important factor which exerts an
effect on the degree of the risk of infection is the
adopted method of farm management, agricultural
practices used, observance of sanitary-hygienic
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principles, and the use of veterinary prevention.  

References

[1] El Mujtar V., Muñoz N., Prack Mc Cormick B.,
Pulleman M., Tittonell P. 2019. Role and
management of soil biodiversity for food security and
nutrition; where do we stand? Global Food Security
20: 132-144. doi:10.1016/j.gfs.2019.01.007

[2] GUS. 2019. Użytkowanie gruntów i powierzchnia
zasiewów w 2018 r. [Land use and sown area in
2018].Warszawa.

[3] Smurzyńska A., Czekała W., Kupryaniuk K., Cieślik
M., Kwiatkowska A. 2016. Typy i właściwości
gnojowicy oraz możliwości jej zagospodarowania
[Types and properties of the slurry and the possibility
of its management]. Problemy Inżynierii Rolniczej 4:
117-127 (in Polish with summary in English).

[4] Zielińska K., Stecka K., Kupryś M., Kapturowska A.,
Miecznikowski A. 2011. Ocena stopnia skażenia
bakteriami potencjalnie patogennymi runi łąkowej i
gleb nawożonych płynnymi nawozami organicznymi
[Evaluation of potentially pathogenic bacteria
presence in manure-amended soil and meadow
sward]. Journal of Research and Applications in
Agricultural Engineering 56: 212-215 (in Polish with
summary in English).

[5] Łabętowicz J., Stępień W., Kobiałak M. 2019.
Innowacyjne technologie przetwarzania odpadów na
nawozy agroekologicznej użyteczności [Innovative
waste treatment technologies for agroecological
utility fertilizers]. Inżynieria Ekologiczna 20: 13-23
(in Polish with summary in English). 
doi:10.12912/23920629/106203

[6] Strauch D. 1993. Przeżywalność drobnoustrojów
chorobotwórczych i pasożytów w wydalinach,
nawozie i szlamie ściekowym. Cz. I. Medycyna
Weterynaryjna 49: 59-65 (in Polish).

[7] Skowron K., Bauza-Kaszewska J., Kaczmarek A.,
Budzyńska A., Gospodarek E. 2015. Mikrobio lo -
giczne aspekty gospodarki gnojowicą [Microbio -
logical aspects of slurry management]. Postępy
Mikrobiologii 54: 235-249 (in Polish with summary
in English).

[8] Sadowska N., Tomza-Marciniak A., Juszczak M.
2019. Soil contamination with geohelminths in
children’s play areas in Szczecin, Poland. Annals of
Parasitology 65: 65-70. doi:10.17420/ap6501.183

[9] Bojar H., Kłapeć T. 2018. Contamination of selected
recreational areas in Lublin Province, Eastern Poland,
by eggs of Toxocara spp., Ancylostoma spp. and
Trichuris spp. Annals of Agricultural and
Environmental Medicine 25: 460-463. 
doi:10.26444/aaem/92252

[10] Perec-Matysiak A., Hildebrand J., Zaleśny G.,
Okulewicz A., Fatuła A. 2008. Ocena stanu skażenia
gleby jajami geohelmintów na terenie Wrocławia

[The evaluation of soil contamination with
geohelminth eggs in the area of Wrocław, Poland].
Wiadomości Parazytologiczne 54: 319-323 (in Polish
with summary in English).

[11] Borecka A. 2003. Helmintofauna psów oraz stopień
zanieczyszczenia gleby geohelmintami na terenie
Warszawy i okolic [Helminths of dogs and the soil
contamination in Warsaw area].Wiadomości Para zy -
to logiczne 49: 307-309 (in Polish).

[12] Kłapeć T., Borecka A. 2012. Contamination of
vegetables, fruits and soil with geohelmints eggs on
organic farms in Poland. Annals of Agricultural and
Environmental Medicine 19: 421-425.

[13] Kłapeć T. 2009. Skażenie gleby jajami geohel -
mintów w gospodarstwach ekologicznych o profilu
warzywniczym na terenie województwa lubelskiego
[Contamination of soil with geohelminth eggs on
vegetable organic farms in the Lublin voivodeship,
Poland]. Wiadomości Parazytologiczne 55: 405-409
(in Polish with summary in English).

[14] Kłapeć T., Stroczyńska-Sikorska M. 2005. Ocena
biologicznego skażenia gleb i warzyw spod upraw
pod osłonami foliowymi w gospodarstwach na
terenie woj. lubelskiego [Evaluation of biological
contamination of soils and vegetables cultivated
under foil tunnels on farms in the Lublin region].
Medycyna Środowiskowa 8: 147-154 (in Polish).

[15] Blaszkowska J., Kurnatowski P., Damiecka P. 2011.
Contamination of the soil by eggs of geohelminths in
rural areas of Lodz district (Poland). Helminthologia
48: 67-76. doi:10.2478/s11687-011-0012-8

[16] Grygierczyk D., Kwiatkowski S., Sodowska H.
2003. Zanieczyszczenie gleby jajami Toxocara spp.
na terenie miasta Katowice [Soil contamination with
Toxocara spp. eggs in the Katowice area and its
environs]. Wiadomości Parazytologiczne 49: 57-60
(in Polish with summary in English).

[17] Paller V.G.V., Babia-Abion S. 2019. Soil-
transmitted helminth (STH) eggs contaminating soils
in selected organic and conventional farms in the
Philippines. Parasite Epidemiology and Control 7:
e00119. doi:10.1016/j.parepi.2019.e00119

[18] Zdybel J., Włodarczyk M., Próchniak M., Cencek T.
2015. Występowanie jaj nicieni z rodzaju Ascaris,
Toxocara i Trichuris w nawozach organicznych. In:
Conference materials: VII Konferencja „Nie bez -
pieczne zoonozy – toksokaroza, toksoplazmo za, echi -
no kokoza”, Warszawa (in Polish).  

[19] Kłapeć T., Cholewa A. 2012. Zagrożenia dla
zdrowia związane ze stosowaniem nawozów orga -
nicznych i organiczno-mineralnych. Medycyna Ogól -
na i Nauki o Zdrowiu 18: 131-136 (in Polish).

[20] Zdybel J., Karamon J., Dąbrowska J., Różycki M.,
Bilska-Zając E., Kłapeć T., Cencek T. 2019.
Parasitological contamination with eggs Ascaris spp.,
Trichuris spp. and Toxocara spp. of dehydrated
municipal sewage sludge in Poland. Environmental

438 K. KOWALCZYK, T. KŁAPEĆ



Pollution 248: 621-626. 
doi:10.1016/j.envpol.2019.02.003

[21] Gałęcki R., Sokół R., Koziatek S. 2015. Parasites of
wild animals as a potential source of hazard to
humans. Annals of Parasitology 61: 105-108.

[22] Nosal P., Kowal J., Wyrobisz-Papiewska A., Wajdzik
M. 2020. Gastrointestinal nematodes of European wild
boar from distinct agricultural and forest habitats in
Poland. Acta Veterinaria Scandinavica 62.
doi:10.1186/s13028-020-0508-7

[23] Kochanowski M., Karamon J., Dąbrowska J., Dors
A., Czyżewska-Dors E., Cencek T. 2017. Occurrence
of intestinal parasites in pigs in Poland - the influence
of factors related to the production system. Journal of
Veterinary Research 61: 459-466.
doi:10.1515/jvetres-2017-0053

[24] Filip-Hutsch K., Czopowicz M., Świsłocka M.,
Ratkiewicz M., Borkowska A., Kowalczyk R.,
Demiaszkiewicz A.W. 2020. Patterns of parasite eggs,
oocysts and larvae shedding by moose in the Biebrza
marshland (NE Poland). International Journal for
Parasitology: Parasites and Wildlife 11: 191-197. 
doi:10.1016/j.ijppaw.2020.02.007

[25] Bartosik J., Dziwirek K., Łojek J., Kaczyk J., Górski
P. 2017. Ekstensywność inwazji pasożytów jeli to -
wych psów wiejskich w wybranych rejonach cen -
tralnej i południowej Polski [Prevalence of intestinal
parasite infection in dogs from selected rural areas of
central and southern Poland]. Roczniki Naukowe
Polskiego Towarzystwa Zootechnicznego 13: 61-69
(in Polish).

[26] Michalczyk M., Sokół R., Gałęcki R. 2019. Internal
parasites infecting dogs in rural areas. Annals of
Parasitology 65: 151-158. doi:10.17420/ap6502.195

[27] Ustawa z dnia 10 lipca 2007 r. o nawozach i nawo -
żeniu (Dz.U. z 2007 r. nr 147 poz. 1033).

[28] Rozporządzenie Ministra Rolnictwa i Rozwoju Wsi
z dnia 16 kwietnia 2008 r. w sprawie szczegółowego
sposobu stosowania nawozów oraz prowadzenia
szkoleń z zakresu ich stosowania (Dz.U. z 2008 r. nr
80 poz. 479).

[29] Rozporządzenie Ministra Rolnictwa i Rozwoju Wsi
z dnia 18 czerwca 2008 r. w sprawie wykonywania
niektó rych przepisów ustawy o nawozach i nawo że -
niu (Dz.U. z 2008 r. nr 119 poz. 765).

[30] Instrukcja Głównego Lekarza Weterynarii nr
GIWpr-02010-4/2014 z dnia 14 kwietnia 2014 r. w
sprawie zasad postępowania Inspekcji Wetery naryj -
nej przy nadzorze nad wykorzystaniem nawozów or -
ganicznych i polepszaczy gleby, wytworzonych z pro -
duktów ubocznych pochodzenia zwierzęcego,
produktów pochodnych lub z udziałem tych pro duk -
tów oraz stwierdzenia niedozwolonych białek pocho -
dzenia zwierzęcego w paszach.

[31] Kukier E., Kozieł N., Goldsztejn M., Kwiatek K.
2016. Aktualne wymagania sanitarno-weterynaryjne
dla nawozów organicznych i polepszaczy gleby w

Polsce [Current sanitary and veterinary requirements
for organic fertilizers and soil improvers in Poland].
Życie Weterynaryjne 91: 125-127 (in Polish with
summary in English).

[32] Ustawa z dnia 11 września 2019 r. o zmianie ustawy
– Prawo wodne oraz niektórych innych ustaw (Dz.U.
z 2019 r. poz. 2170).

[33] Polska Norma: PN-Z-19000-4:2001. Jakość gleby -
Ocena stanu sanitarnego gleby - Wykrywanie jaj pa -
so ży tów jelitowych Ascaris lumbricoides i Trichuris
trichiura.

[34] Stroczyńska-Sikorska M., Kłapeć T., Cholewa A.
1995. Wytyczne metodyczne (mikrobiologiczno-
parazytologiczne) do oceny sanitarnej gleby. Instytut
Medy cyny Wsi, Lublin (in Polish).

[35] Leles D., Gardner S.L., Reinhard K., Iñiguez A.,
Araujo A. 2012. Are Ascaris lumbricoides and
Ascaris suum a single species?. Parasites and Vectors
5. doi:10.1186/1756-3305-5-42

[36] Beer R.J. 1971. Experimental infection of man with
pig whipworm. British Medical Journal 2: 44. 
doi:10.1136/bmj.2.5752.44

[37] Márquez-Navarro A., García-Bracamontes G.,
Alvarez-Fernández B.E., Ávila-Caballero L.P.,
Santos-Aranda I., Díaz-Chiguer D.L., Sánchez-
Manzano R.M., Rodríguez-Bataz E., Nogueda-Torres
B.. 2012. Trichuris vulpis (Froelich, 1789) Infection
in a child: a case report. The Korean Journal of
Parasitology 50: 69-71. 
doi:10.3347/kjp.2012.50.1.69

[38] Hadaś E., Derda M. 2014. Pasożyty – zagrożenie
nadal aktualne [Parasites are still dangerous].
Problemy Higieny i Epidemiologii 95: 6-13 (in
Polish).

[39] Wasilewska J., Kaczmarski M.G., Sawicka-
Żukowska M., Tomaszewska B., Majewska A., Plewa
K., Ołdak E., Dębkowska K. 2011. Analysis of
clinical symptoms and selected hematological indices
in hospitalized children with Ascaris lumbricoides
infection from the northeastern region of Poland.
Wiadomości Parazytologiczne 57: 43-51.

[40] Gras-Ozimek J., Ozimek W., Kozińska U., Gras-
Graupera M., Kozińska E., Bar A. 2019. Ascariasis
and its relationship with selected psycho-neurological
symptoms among children and adults in Poland.
Polski Merkuriusz Lekarski 46 (274): 165-171.

[41] Buczek A. 2005. Ważniejsze parazytozy człowieka.
In: Choroby pasożytnicze. Epidemiologia, diagnos -
tyka, objawy. 3rd ed., Wydawnictwo Koliber, Lublin:
67-252 (in Polish).

[42] Gawor J., Marczyńska M. 2015. Zagrożenie ludzi
zoonotycznymi geohelmintami w środowisku miej -
skim i wiejskim w Polsce. Ryzyko toksokarozy
[Threat of zoonotic geohelminths infection in humans
in the urban and rural environment in Poland: the risk
of toxocariasis]. Medycyna Weterynaryjna 71: 543-
547 (in Polish with summary in English).

Contamination of soil 439



[43] Chen J., Liu Q., Liu G.H., Zheng W.B., Hong S.J.,
Sugiyama H., Zhu X.Q., Elsheikha H.M. 2018.
Toxocariasis: a silent threat with a progressive public
health impact. Infectious Diseases of Poverty 7: 59. 
doi:10.1186/s40249-018-0437-0

[44] Macpherson C.N. 2013. The epidemiology and
public health importance of toxocariasis: a zoonosis
of global importance. International Journal for
Parasitology 43: 999-1008. 
doi:10.1016/j.ijpara.2013.07.004

[45] Reynolds L.A., Finlay B.B., Maizels R.M. 2015.
Cohabitation in the intestine: interactions among
helminth parasites, bacterial microbiota, and host
immunity. The Journal of Immunology 195: 4059-
4066. doi:10.4049/jimmunol.1501432

[46] Zaiss M.M., Harris N.L. 2016. Interactions between
the intestinal microbiome and helminth parasites.
Parasite Immunology 38: 5-11. 
doi:10.1111/pim.12274

[47] Bethony J., Brooker S., Albonico M., Geiger S.M.,
Loukas A., Diemert D., Hotez P.J. 2006. Soil-
transmitted helminth infections: ascariasis, trichuriasis,
and hookworm. The Lancet 367: 1521-32. 
doi:10.1016/S0140-6736(06)68653-4

[48] Lee S.C., Tang M.S., Easton A.V., Devlin J.C., Chua
L.L., Cho I., Moy F.M., Khang T.F., Lim Y.A.L.,
Loke P. 2019. Linking the effects of helminth
infection, diet and the gut microbiota with human
whole-blood signatures. PLoS Pathogens 15:
e1008066. doi:10.1371/journal.ppat.1008066

[49] Darocha S., Wawrzyńska L., Oniszh K., Dziewulska
B. 2011. Eozynofilowe zapalenie płuc w przebiegu
zes połu larwy skórnej wędrującej – opis przypadku
[Eosinophilic pneumonia in response to cutaneous
larva migrans syndrome – a case report].
Pneumonologia i Alergologia Polska 79: 365-370 (in
Polish with summary in English).

[50] Khanna V., Ashraf A.A., Khanna R. 2019.
Echinostomiasis in a child with severe anemia.
Tropical Parasitology 9: 54-56. 
doi:10.4103/tp.TP_68_18

[51] Mabbott N.A. 2018. The influence of parasite
infections on host immunity to co-infection with
other pathogens. Frontiers in Immunology 9: 2579.
doi:10.3389/fimmu.2018.02579

[52] Jõgi N.O., Svanes C., Siiak S.P., Logan E.,
Holloway J.W., Igland J., Johannessen A., Levin M.,
Real F.G., Schlunssen V., Horsnell W.G.C., Bertelsen
R.J. 2018. Zoonotic helminth exposure and risk of
allergic diseases: A study of two generations in
Norway. Clinical and Experimental Allergy 48: 66-
77. doi:10.1111/cea.13055

[53] Ustawa z dnia 5 grudnia 2008 r. o zapobieganiu oraz
zwalczaniu zakażeń i chorób zakaźnych u ludzi
(Dz.U. z 2008 r. nr 234 poz. 1570)

[54] PZH- NIZP. Meldunki o zachorowaniach na cho -
roby zakaźne, zakażeniach i zatruciach w Polsce, 
http://www.old.pzh.gov.pl (dostęp z dnia 29.09.2020
r.)

[55] Korzeniewski K. 2016. Choroby pasożytnicze
przewodu pokarmowego w Polsce [Parasitic diseases
of the gastrointestinal tract in Poland]. Forum
Medycyny Rodzinnej 10: 10-18 (in Polish).

[56] Żukiewicz M., Kaczmarski M., Topczewska M.,
Sidor K., Tomaszewska B.M. 2011. Epidemiological
and clinical picture of parasitic infections in the group
of children and adolescents from north-east region of
Poland. Wiadomości Parazytologiczne 57: 179-187.

[57] Raś-Noryńska M., Białkowska J., Sokół R., Piskorz-
Ogórek K. 2011. Parasitological stool examination
from children without the typical symptoms of
parasitic disease. Przegląd Epidemiologiczny 65:
599-603. 

[58] Borecka A., Gawor J., Niedworok M., Sordyl B.
2010. Częstość występowania jaj inwazyjnych Toxo -
ca ra spp. w środowisku przydomowym dzieci ze
zdia g nozowaną toksokarozą w woj. łódzkim
[Occurrence of Toxocara spp. eggs in household
environment of children with diagnosed toxocariasis
in Łódź voivodeship]. Wiadomości Parazytologiczne
56: 141-144 (in Polish with summary in English).

[59] Miller L.A., Colby K., Manning S.E., Hoenig D.,
McEvoy E., Montgomery S., Mathison B., de
Almeida M., Bishop H., Dasilva A., Sears S. 2015.
Ascariasis in humans and pigs on small-scale farms,
Maine, USA, 2010-2013. Emerging Infectious
Diseases 21: 332–334. doi:10.3201/eid2102.140048

Received 08 October 2020
Accepted 29 November 2020

440 K. KOWALCZYK, T. KŁAPEĆ


