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Today, one of the important problems in the cultivation and maintenance of agricultural and domestic animals, both in
industrial and private farms, is the spread of ecto- and endoparasites, which cause a significant decline in animal productivity,
endanger their health and cause economic losses. The study of the level of distribution and conducting of diagnostic studies on
parasitoses of animals in farms with different production orientation is an important and integral part of the overall complex of
preventive and health-improving measures. The research was carried out during 20072017 in livestock enterprises of Kharkiv
Oblast. As a part of the research work, 540 samples were collected from livestock farms, of which 180 were from the premises for
keeping pigs, 100 from premises for keeping sheep, 120 from premises for keeping cattle, 80 from premises for dogs and 60 —
from the surrounding territories of the livestock enterprises. We found that the objects of livestock rearing (pig complex, sheep
farm, dairy farm, cynological center) in Kharkiv Oblast have a significant level of sanitary contamination with exogenous forms of
helminths (21.7-45.6%) and the soil of the territories (20.0-36.6%). From samples taken from premises for pigs, eggs of four
morphotypes were isolated (Ascaris suum — 5.3%, Trichuris suis — 14.6%, Oesophagostomum dentatum — 60.6%, Strongyloides
ransomi — 19.4%), from premises for sheep — three morphotypes (Dicrocoelium lanceatum — 3.8%, Trichuris ovis — 29.3%,
Strongylata spp. — 46.9%), from premises for cows — three morphotypes (Neoascaris vitulorum — 2.7%, Trichuris skrjabini —
12.9%, Strongylata spp. — 34.5%), premises for dogs — four morphotypes (Toxocara canis — 6.1%, Toxascaris leonina — 5.4%,
Trichuris vulpis — 20.6%, Ancylostoma caninum — 17.5%). It should be noted that the places most contaminated with eggs of
helminths were manure gutters (100%) and the floor of livestock buildings (50.0-86.7%). It has also been determined that, in the
conditions of the cynological center, the Musca domestica was the source of environmental contamination with exogenous forms
of Toxocara canis and Trichuris vulpis, and that the Muscina stabulans and Stomoxys calcitrans can be the source of spread of
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larvae of Ancylostoma caninum and eggs of Trichuris vulpis respectively.

Keywords: pig-breeder; shepherd; cow; cynological center; exogenous stages of development of helminthes

Introduction

The invasion of parasites, when discharged with feces into the envi-
ronment, pollutes the soil, water, vegetation and can persist for a long
time (Paller & de Chavez, 2014; Tun et al., 2015; Dolbin & Khayrullin,
2017). Exogenous forms of helminths in the environment are represented
by eggs and free-living invasive larvae (Blaszkowska et al., 2011; Mohd
Zain et al., 2013; Steinbaum et al., 2017), posing a serious hygiene prob-
lem (Amadi & Uttah, 2010; Shalaby et al., 2010; Ngui et al., 2012).
The main goal of veterinary sanitation is prevention of infectious and
parasitic diseases of humans and animals, reduction of ecological pollution
of the environment, including water, soils, feed and livestock products,
elimination of epizootic outbreaks by means of disinfection, disinfesta-
tion, disinsection and deratization (Backhans & Fellstrom, 2012; Paliy
etal., 2016; Spanu et al., 2016; Paliy et al., 2018).

The patterns of distribution of exogenous forms of helminths in the
environment are determined through studying the distribution of hel-
minthic diseases, identifying the transmission factors of helminthic
pathogens, as well as the influence of human economic activity on the
species and quantitative composition of parasitic biocenoses (Boyko et al.,
2009; Zarlenga et al., 2014). The transition of livestock rearing to an
industrial basis has led to the problem of the use and processing of a
large amount of waste (manure, bird droppings, wastes from incubation
and animal slaughter, etc.). First and foremost, it is biological wastes
that pose a threat to the veterinary well-being of farms, as they can be as
a source of contamination of air, soil and water through pathogens of

infectious and invasive diseases (Hutchison et al., 2005; Graves et al.,
2009; Manyi-Loh et al., 2016).

In the circulation of Strongylata larvae in the environment, an impor-
tant role belongs to water (Van Dijk & Morgan, 2011). It was determined
that in the water of the water-troughs in the grazing area, the eggs of
Strongylata of the gastrointestinal tract were present in the amount of up
to 16.94 specimens/L, and in the water from drinking troughs installed
in the premises for animals — up to 6.89 specimens/L. An increase in the
content of larvae of Strongyloides in the drinking water in pastures was
determined in the summer-autumn season — up to 10.80 specimens/L.
In the washed off samples from drinking troughs, up to 12.4 speci-
mens/100 cm® of eggs of Strongylata of the gastrointestinal tract were
found and up to 11.8 specimens/100 cm’ of Strongyloides, larvae and in
washings from the floor — up to 14.8 specimens/100 cm® of eggs of
Strongylata of the gastrointestinal tract, and up to 2.8 specimens/100 cm®
of Strongyloides, larvae and only in winter was the contamination of
drinking troughs with the larvae and eggs of helminths absent. In the
autumn and winter, in the washings from the walls of livestock premi-
ses, no eggs and larvae Strongylata and Strongyloides species were found,
and in the spring and summer, single specimens were found. In winter,
the number of eggs of Strongylata in the washings from the floor was
up to 8.0 specimens/100 cm’, and the larvae of Strongyloides were
found in the amount of up to 2.0 specimens/100 cm”. Determination of the
correlation coefficient showed that the relationship between the intensity
of the excretion of eggs of Strongylata of the gastrointestinal tract and
Strongyloides and the contamination of the floor was highly positive —
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0.74 and 0.77, respectively (Subbotin & Medvedskay, 2013). The con-
ducted research showed a high incidence of contamination of soil of
farmland (EI — 8.9%), bammyards (13.3%) and the floor of livestock
premises (15.5%). In summer, and especially in autumn, the contamina-
tion of the samples increased and equaled: premises — 19.3%, bamyards —
15.3%, pastures —up 6.8% and farm territory — up to 10.9% with contents
0f69.3 +£6.1,44.5 £ 54,252 £ 5.8 and 30.6 + 5.6 eggs of nematodes
respectively in 1 g of feces. Maximum contamination of soil samples of
barnyards and pastures was determined in autumn. The autumn rise in
contamination level of the environment with eggs of parasitic nemato-
des occurred as a result of accumulation of invasion and its consolida-
tion on the pastures, as well as in the farm territory and barnyards,
causing a threat to the animals throughout the year (Radionov, 2012).

The sources of the invasion of pigs are mostly environmental objects
contaminated with eggs of helminths (Tamboura et al., 2006). However,
there are significant differences in the degree of contamination of live-
stock objects in farms with different technologies of keeping animals.
Unlike traditional pig farms, in specialized complexes, the livestock
facilities are insignificantly contaminated by the eggs and larvae of asca-
rides, esophagus helminths, Trochocephalus and Strongyloides. In samples
from the stalls where pigs rest, Ascarida eggs were found in 9.8% of
cases, eggs of esophagus helminths — 6.5%, eggs of Trichocephalus —in
5.4%, larvae of Strongyloides — in 7.5%. The corresponding infection
rates in the samples from floors near feeders and from the feeders were
4.5-84%, 3.2-5.1%, 2.6-4.5%, 3.8-6.7% of cases respectively. The equip-
ment of the staff was insignificantly contaminated with eggs and larvae
of intestinal nematodes. The highest number of eggs of ascarides, 77i-
chocephalus, esophagus helminths and Strongyloides larvae in environ-
mental objects and on the skin was found in December — February, the
lowest — in September — November (Ivanuk & Bobkova, 2016).

In the study of the samples from pig breeding objects, we found the
eggs of Ascaris suum, eggs and larvae of Strongyloides ransomi, Oeso-
phagostomum dentatum, with a degree of contamination of 37.3%,
18.0% and 19.3%, respectively. The largest extent of the invasion of
A. suum, S. ransomi and Oe. dentatum was found on the floor of animal
stalls — respectively in 31, 20 and 10 samples out of 150. In the study of
the walls of the stalls, in 2% cases, the eggs of Oe. dentatum were found
in small quantities (1 specimen for each sample). Eggs of the helminths
were also found in washings of animal care items (brooms, scrapers).
Thus, in 13 samples, eggs of ascarides were found, in 1 sample — eggs
of Strongyloides, in 5 samples — eggs of Oe. dentatum. The examination
of samples taken from the bottom of the feeders showed the presence of
eggs of esophagus helminths in 5 samples. The washings off the udder
teats of 100 pig sows showed that eggs of ascarides were present in 8
samples, eggs and larvae of Strongyloides in 9 samples, and eggs of
esophagus helminths in 3 samples (Antropov & Sidorova, 2007).

Nematodes currently have a leading role in the structure of parasitic
contamination of premises and territories where swine are kept (Yadav
& Tandon, 1989; Nissen et al., 2011).

During the examination in the kennels of police dogs in Ulyanovsk
Oblast, it was determined that they were contaminated with propagative
stages of the development of helminths. Overall, 118 samples of 140
(84.3%) were positive. The intensity of soil contamination was 53.4 +
24.8 specimens’/kg. In the soil and premises, the presence of two mor-
photypes of the propagative stages of the development of helminths, Ne-
matoda (7. canis, T. leonina) were found. This was related to the fact
that the representatives of this group are widespread geohelminths. Eggs
of T. canis contaminated 78 (66.1%) samples with the presence of 79.1 +
28.4 specimens/kg, and eggs of 7. leonina were found in 40 (33.9%)
samples with the occurrence of 23.6 = 5.6 specimens/kg. Correlation
analysis of soil contamination and invasiveness of the dogs showed a
direct positive relationship (Romanova et al., 2009).

In the study in the police dog kennels, in the washings off the pre-
mises, eggs of 7. canis (5.1 + 3.5%) were found. Positive samples were
found in a vehicle for the transport of police dogs, in the premises for
puppies. The samples were observed to contain 7. canis eggs at the
stage of one blastomere ("'fresh" contamination) and eggs with moving
larvae (Pautova et al., 2012). Nematodes of the Ascaridida order currently
take the central place in the structure of parasitic contamination of anth-
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ropogenically transformed territories (Trejo et al., 2012). The objective
of our research was to determine the level of contamination of livestock
biocenoses with exogenous forms of helminths.

Materials and methods

To determine the contamination of the environment with exogenous
forms of helminths in premises for animal rearing, we collected samples
from feeders, stalls, walls, floors and manure canals after removal of
manure. The samples of scraps were taken with a scalpel, put in a plastic
bag with a zipper; the time and place of sampling were written on the
label. The samples of the washings were collected with cotton or chees-
ecloth swabs soaked in sterile water, placed in a test tube, and the time
and place of sampling were indicated on the label. A total of 10 samples
were taken from a single object.

To determine soil contamination, the samples were taken from the
surface layer from an area of 100 cm” and at the depth of 10 cm with
total weight of 100 g (10 samples from one place).

In the laboratory conditions, the scraps were put in glasses with
sterile water, carefully stirred, filtered through a cheesecloth layer, trans-
ferred to centrifuge tubes. The swabs were thoroughly pressed out, and
the obtained liquid after the filtering was also transferred to centrifuge
tubes. Centrifugation was carried out at 3000-3500 rpm. for 30 minutes.
Subsequently, the supernatant liquid was poured out, and the same amount
of distilled water was added to the precipitate, the content was stirred,
and again centrifuged for 20 minutes. After centrifugation, the superna-
tant liquid was poured out, and the precipitate was examined for the
presence of eggs of helminths (Kotelnikov, 1984).

For the soil analysis, 25 g samples were put in 250 ml centrifuge
tubes and 150 ml of water were added, and then stirred for 5 minutes
with a glass rod. After this, the particles that had come to the surface
were removed, and the centrifugation was performed again for 3 minutes
at 1000 rpm. The superatant was poured out, 150 ml of saturated solution
of sodium nitrate was added to the precipitate, stirred and again centri-
fuged for 3 minutes. The test tubes were put into support stand, and
distilled water was added until a convex meniscus was formed, and then
the test tubes were covered with clean glass (6 X 12 cm). After 15 minu-
tes, the glass was removed, several drops of 50% glycerol were added
to the wet surface and microscopic examination was performed. Indica-
tion of eggs was repeated three times (Piwak et al., 2007).

The veterinary-sanitary assessment of the analyzed soil in relation
to the level of its contamination with exogenous forms of helminths (the
number of eggs of geohelminths per 1 kg of soil) was carried out in accor-
dance to the current normative documents: GOST 17.4.2.01-81 Nature
protection (PSC). Soils. Nomenclature of the indicators of sanitary
condition; SanPiN 2.1.7.1287-03 "Sanitary-epidemiological require-
ments to the soil quality"; MU 2.1.7.730-99 "Hygienic assessment of
soil quality of populated areas".

Also, samples of feces were taken from the animals premises, (at least
10 samples of 25 g each from one object). The samples were taken from
the soil, floor or from the transporter. Each sample was packed in a plastic
bag with a zipper and transported for the examination on the same day.
The accompanying document indicated the name of the farm and the
settlement. For the flotation, we used a solution of ammonium nitrate
prepared by dissolving 1500 g of nitrate in 1 liter of water (the density of
the solution was 1.3) (Kovalenko et al., 1998). From the surface membrane
of each experimental sample, using a metal loop, 3—5 drops of the mate-
rial were taken and put onto the microscope slides and microscopic exa-
mination was performed. The eggs of helminths were identified according
to morphological (colour, shape, size, number of membranes, the presence
of caps) (Kapustin, 1953) and biological (degree of development of the
embryo) signs (Daxno & Daxno, 2010).

Extensiveness of the invasion was determined using the formula:

El=2x100,
y

where EI — extensiveness of the invasion, x — the number of fecal
samples in which eggs of helminths were found, y — total number of
fecal samples, 100 — coefficient of calculation as a percentage. The inten-
sity of the invasion was determined by the number of eggs of helminths
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in 1 g of feces (Trach, 1992) and in 100 g of soil (Romanenko, 2000) and
by the number of eggs in the experimental sample from an object.

Helminthological studies of the selected samples were performed
within three days after the time of their selection. At the same time, eggs
of helminths were found which differed from one another in size, form,
and maturity.

A veterinary-sanitary inspection of the premises and territory of the
intensive pig farm PJSC “Balakliiske Khlibopryimalne Pidpryiemstvo”
(Kharkiv oblast, Balakliya district) was conducted. In the intensive pig
farm, the pigs were kept in three typical premises. Provision of water,
feeding and removal of manure in the complex are automatized. In the
first room, there were sows and sows with piglets of up to two months,
in the second room — piglets of 2-4 months were kept, and in the third —
pigs during fattening. The total number of pigs at the time of the inspec-
tion was 420 animals. The territory of the pig farm is fenced off, the
manure is systematically removed and disposed of outside the complex.

Also we conducted a veterinary-sanitary inspection of the premises
and territory of the sheep farm of PJSC “Balakliiske Khlibopryimalne
Pidpryiemstvo”. The premises for keeping the sheep on the sheep farm
are separated one from another. One section holds ewes with lambs, and
the other — the young animals over one year old and rams. The territory
is not fenced, adjoins to wasteland and agricultural land, and is separated
from Verbivka village by a river. After winter, the premises were not
cleaned, the thickness of the litter in the sheepfolds reached 40 cm.
At the time of the survey, 315 sheep were kept at the sheep farm.

The next stage of our research was conducting a veterinary-sanitary
examination of the dairy farm of the "Verbivskaya" Agricultural Firm
(Kharkiv oblast, Balakliya district). The cows are kept in a typical two-
row cowshed, the feeding, provision of water, milking and manure remo-
val on the farm are mechanized. The calves, before they become one year
old, and heifers of over one year are kept in a separate section. During the
warm season, the animals are kept on summer grounds. The territory is
fenced, manure is removed and transferred outside the complex. At the
time of the survey, 260 cattle were kept at the farm.

Also, we conducted an examination of veterinary-sanitary condition
of the center of police dogs of the Ministry of Internal Affairs of Ukraine
in Kharkiv oblast, during which we collected and analyzed samples
from the premises for the dogs and samples of soil from the territory of
the center. The dogs are kept in cages on a wooden floor, which are
enclosed with a metal grid, with wooden kennels for resting, the animals
are fed and provided with water in individual dishes, feces are removed
manually. The collected feces are covered with bleach and stored in a
separate fenced place. Once a week, the animals’ excrement is taken out
for centralized disposal. The cages are cleaned with hot water once a day,
and disinfected using a carbolic mixture once a month. At the moment
of the study, 63 animals were kept in the center for police dogs.

As part of our research work, we examined 540 samples taken in
the livestock farms, of which 180 were from premises for pigs, 100 —
from sheep keeping premises, 120 — from premises for cattle, 80 — from
premises for dogs and 60 — from the surrounding territories of the
livestock enterprises.

Results

Our examination of premises for keeping animals on intensive
rearing and traditional farms in Kharkiv oblast revealed the presence of
eggs of helminths of various morphotypes. According to the results of the
examinations (Table 1), it was determined that the general level of sanitary
contamination with eggs of geohelminths in the objects of veterinary
control of the pig farming complex was 45.6%, while in 82 positive
samples, exogenous stages of the development of helminths of four mor-
photypes were found A. suum, T. suis, Oe. dentatum, S. ransomi. The most
common were eggs of Oe. dentatum, they were found in the samples
3.1 times more often than eggs of S. ransomi, 4.1 times more often than
eggs of 7. suis, and 11.4 times more than eggs of A. suum.

It was determined that the level of contamination with exogenous
forms of helminths of the manure gutters was 10 times higher than the
level of contamination of the walls. The samples from the stalls, floors,
manure gutters, and soil from the territory were contaminated with eggs
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of all mentioned species of helminths, whereas in the samples from the
walls only eggs of Oe. dentatum (100%) were isolated and 75% of the
samples from feeders were contaminated with eggs of Oe. dentatum
and 25% with eggs of S. ransomi.

Table 1
Sanitary level of contamination with exogenous forms
of helminths in the pig farming complex (n = 6)

Contamination of investigated objects

: 0,
Posi- % of with eggs of helminths, %
. tive conta-
Objects . . .. Qesophago-  Strongy-
samp mina- Ascaris  Trichuris i
les tion suum Suis stommum loides
dentatum ransomi
Stalls 5 166 - 20.0 60.0 20.0
Walls 3 100 - - 100.0 -
Floor 26 867 115 23.1 385 269
Feeders 4 133 - - 750 250
Manure gutters 30 100.0 133 233 40.1 233
Soilinbamyards 14 46.7 7.1 214 50.1 214
Meanvalue 137 456 53+56 146+104 606+21.5 194+89
Note: "-" —no contamination with eggs of helminths.

In the examined feces of pigs, the extensity of the invasion was
67.7% at the intensity of the invasion of 145 + 36.1 eggs/g of feces.
Eggs of Oe. dentatum were found in 64.3% of positive samples, A. suum
eggs —in 42.9% of the samples, 7. suis eggs — in 45.2% of the samples,
S. ransomi eggs — in 35.7% of samples. It should be noted that the
animals were found to host mono-and mixed invasions, the average
number of eggs in 1 g of feces in cases of monoinvasion was 151 + 37,
in cases of mixed invasion — 139 + 35.

In the territory, the general level of sanitary contamination of the
soil with exogenous forms of helminths was 33.3%, which is 1.4 times
lower than in the barnyards. In positive soil samples from the territory,
the highest number of the eggs was found in a sample from the place of
the outlet of the manure transporter (146 + 39 eggs/100 g) and at the exit
from the complex (97 + 7 eggs/100 g). In general, by the number of eggs
of geohelminths per 1 kg of soil. According to veterinary sanitary assess-
ment of soil (GOST 17.4.2.01-81), it was classified as highly contami-
nated. Thus, in the bamyard areas, near the outlets of the manure
transporters, a significant amount of exogenous forms of helminths
accumulate, which could further contaminate the pig farming complex.

The results of determining the presence of exogenous stages of the
development of helminths on the sheep farm are presented in Table 2.
Analysis of this data demonstrates that the sheep farm, as an object of
livestock, was contaminated with exogenous forms of helminths of
three morphotypes: D. lanceatum (3.8 + 4.8%), T. ovis (29.3 +26.9%),
as well as the Strongylata (46.9 + 34.3%) suborder. The general level of
sanitary contamination of the premises equaled 34.0%. The extensiveness
of the contamination of the floor with exogenous forms of helminths
equaled 85%, which was 17 times higher than that of the feeders. In the
samples taken from the walls of the premises, no exogenous forms of
helminths were isolated. The feeders were contaminated only with eggs
of Strongylata spp. helminths at the level of 100% at the intensity of
contamination of 14.5 + 6.1 eggs in one sample.

Table 2
Sanitary level of contamination
with exogenous forms of helminths on the sheep farm (n = 5)

Contamination of investigated
Objects Positive % of conta- objects with eggs of helminths, %
samples mination  Dicrocoelium  Trichuris  Strongylata
lanceatum ovis spp.
Stalls 2 10.0 - 40.0 60.0
Walls - - - - -
Floor 17 85.0 11.7 353 530
Feeders 1 50 - - 100.0
Soil 14 70.0 7.1 714 214
Average value 6.8 340 38+48  293+269 469+343
Note: "-" — no contamination with eggs of helminths.

The examination of 32 samples of feces of sheep showed that the
extensiveness of the invasion was 100%. In sheep’ feces, we found eggs of
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D. lanceatum in 12.5%, Strongylata spp. —in 100.0%, 7. ovis —in 53.1%.
It was determined that the sheep population, along with monoinvasion,
hosted mixed invasion, and the average number of eggs per 1 g of feces
was 79 £29 and 110 + 37 specimens respectively.

The level of sanitary contamination of soil in the territory was 40.0%,
and soil contamination of the pens exceeded this parameter by 1.75 times.
The soil contamination intensity on average equaled 39 + 15 eggs/100 g.
According to veterinary-sanitary assessment of the soil (GOST 17.4.2.01-
81), the territory of the sheep farm has been classified as contaminated.
Therefore, due to the fact that infected animals graze on the territory
near the livestock facilities, they can cause biological contamination with
exogenous forms of helminths and their accumulation in the environment.

According to the results of the conducted research (Table 3) it was
determined that the examined object was contaminated: in the selected
samples, exogenous stages of the development of helminths of three mor-
photypes were isolated: N. vitulorum (2.7 + 3.6%), T. skrjabini (12.9 +
15.8%) and Strongylata spp. (34.5 £ 34.9%). The general level of sanitary
contamination of the premises was 32.5%. The extensiveness of conta-
mination with exogenous forms of helminths in the manure gutters was
two times higher than the level of floor contamination. The samples collec-
ted from the manure gutters were contaminated with eggs of all above-
mentioned species of helminths, whereas in the samples from the floor,
only T. skrjabini (20%) and Strongylata spp. (80%) were isolated.

Table 3
Sanitary level of contamination
with exogenous forms of helminths at the dairy farm (n = 6)

% of Contamination of investigated objects

early stages of the development. At the same time, it should be mentio-
ned that the floor was washed daily.

Table 4
Sanitary level of contamination by exogenous forms of helminths
of the premises and the territory of the cynological center (n = 6)

% of Contamination of investigated objects
Positive  conta- with eggs of helminths, %

Objects

sample mina- Toxocara Toxascaris Trichuris Ancylostoma
tion canis leonina vulpis caninum

Stalls - - - - - -
Walls - - - - - -
Floor 5.0 50.0 20.0 180 40.0 20.0
Equipment 6.0 60.0 16.7 142 333 333
Dishes - - - - - -

Soil 20 20.0 - - 50.0 50.0
Averagevalue 2.2 217 61+87 54+84 206+21.1 17.5+216
Note: "-" —no contamination with eggs of helminths.

Along with this, we carried out a coprological study of feces from
all animals kept at the center at that time (Table 5). Despite the imple-
mentation of veterinary-sanitary measures, 12.7% of the animals were
infested with 4 species of helminths. In two samples, mixed invasion
(T vulpis and A. caninum) was observed. The dogs were infested the
most with 7. vulpis (6.3%), which occurred 1.3 times more often than
T. canis, and 1.9 times higher than A. caninum infestation.

Table 5
Helminthic infestation of dogs of the cynological center (n = 63)

Objects Positive cqnta— with eggs of helminths, % Species of helminth EL % Number eggsin 1 g feces
samples mina- Neoascaris  Trichuris Strongylata Toxocara canis 4.8 102+0.7
tion  vitulorum skrjabini Spp- Toxascaris leonina 1.6 206+4.0
Stalls - — — - — Trichuris vulpis 6.3 85+1,7
Walls - - - - - Ancylostoma caninum 32 68+13
IF:le(;rers 170 59'0 B 2(3'0 8(}0 The sanitary level of soil contamination was 20.0%, and in general,
Manure gutters 20 1000 50 350 60.0 by the number of eggs of geohelminths per 1 kg of soil, it was classified
Soil 9 45.0 11.1 22 66.7 as contaminated. Therefore, the contaminated floor (50.0%) and the in-
Average value 65 325 27+£36 129+158  345+349 ventory (60.0%) can be the factors of mechanical distribution of exoge-
Note: "-" —no contamination of eggs of helminths. nous forms of helminths.

In the examination of fecal samples of the animals, invasion of
N. vitulorum was found in 16.8% of calves under 6 months, at intensity
of 169 + 2 eggs/g of feces. In the ewe population, the extensiveness of
T. skrjabini invasion was 27.5%, while the eggs of Strongylata spp.
were found in 57.5% of cows and heifers. The average level of invasion
in animals was 39.3%. Therefore, cattle of different age groups hosted
both monoinvasions and mixed invasions, and the average number of
eggs per 1 g of feces was 174 + 5 (monoinvasion) and 182 + 6 speci-
mens (mixed invasion).

The sanitary level of contamination of the soil was 36.6%, at average
contamination of 39 + 38 eggs/kg, which was 8.4% lower than the level
of contamination of the soil of barnyards. The highest number of exoge-
nous forms of helminths was found in the soil near the premises for
animals: the invasiveness of the samples from the places at the outlet of
the manure transporter on average equaled 179 + 7 eggs/100 g of soil.
The eggs were found to be at different stages of development. By the
number of eggs of geohelminths per 1 kg, the soil in the territory of the
dairy farm was classified under the category “‘contaminated”. Therefore,
in case of untimely finding of infested animals and in the absence of
conducting preventive disinvasion of the livestock facilities, the level of
biological contamination of premises (32.5%) and territory of livestock
farms (42.5%) with exogenous forms of helminths increases.

Results of the determination of the presence of exogenous stages of
the development of helminths in the premises for dogs are presented in
Table 4. It was found that this object was contaminated with exogenous
forms of helminths of four morphotypes: 7. canis, T. leonina, T. vulpis
and A4. caninum. The sanitary level of contamination was 21.7%. The
level of contamination with eggs of 7. vulpis was 3.4 times than that of
T. canis. In the samples from the floor and the equipment for animal care,
we have isolated the eggs of all abovementioned species of helminths in

330

The study of the animals in the cynological center revealed that the
fly index (the number of insects on an animal before and after treatment)
for the dogs was 41. In the cages and in the territory of the police dog
center, 312 zoophilous flies were caught. Examination of their species
composition revealled the results presented in Table 6. The analysis of
the results presented in Table 6 shows that the largest proportion in the
entomocomplex of zoophilous flies in the police dogs’ center belonged
to M. domestica — 37.5% and M. stabulans — 33.7%, and S. calcitrans
was also widely distributed — 28.8%.

Table 6
Species composition of zoophilous flies in the cynological center
. Quantity
Species number of individuzls %

Musca domestica 117 375
Muscina stabulans 105 337
Stomoxys calcitrans 90 28.8

Total 312 100.0

At the next stage, we conducted a study to determine the presence of
exogenous forms of animal helminths on the surface and the digestive
tract of the flies (Table 7). In the premises for keeping the dogs at the
police dogs’ center, 1.9% of flies carried eggs of helminths of animals
on their legs body surface and in the intestine. M. domestica have a major
role in the distribution of exogenous forms of 7. canis and 7. vulpis.
The M. stabulans and S. calcitrans can also be a source of environmen-
tal contamination. An egg of T vulpis was found on the body surface of
S. calcitrans and an A. caninum larva was found in the digestive tract of
M. tabulans. The analysis of the results obtained during the inspection of
the livestock objects in Kharkiv oblast shows a significant level of sanitary
contamination with exogenous forms of helminths in the objects of
animals rearing (intensity — 21.7-45.6%) and the soil of the territories
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(20.0-36.6%). Any violations in the complex of treatment and prevention
measures in combination with mandatory measures for the protection of
the environment from the onset of the invasion of helminths leads to
deterioration of the veterinary-sanitary wellbeing of livestock, which is
confirmed by the level of the invasion in the animals from 12.7% to
100.0% in these objects.

Table 7
Presence of exogenous forms of helminths of animals in flies

. i Positive Number of exogenous forms of helminths
Species N samples Species Eggs,larvae %

Toxocara canis 1

Musca Toxocara canis+

domestica 17 3 Trichuris vulpis 2 096
Trichuris vulpis 1

Muscina Trichuris vulpis 1

stabulans 105 2 Ancylostoma caninum 1 064

Stomows g0\ Brichuris wupis 1 032

calcitrans

Total 312 6 3 species of helminthes 7 1.92

Discussion

The environment acts as one of the driving forces of the epizootic
process at helminthiasis of humans and animals. Thus, environmental
objects contaminated with an invasive onset of helminths are among the
most important factors in the distribution of helminthiases among ani-
mals and transmission of the infestations to humans. Sanitary-parasito-
logical monitoring of the natural and anthropogenic environment is of
great importance (Christensen, 2001; Chammartin et al., 2013; Salam &
Azam, 2017).

Invasive diseases of farm animals are widespread throughout the
world (Silver et al., 2018) and have a leading place in the overall morbi-
dity structure, and have a significant impact on herd productivity (Nansen,
1987). The presence of exogenous forms of helminths in environmental
objects worsens its veterinary-sanitary condition, and in some cases pose
infestation threat to humans. Therefore, it is important to carry out integ-
rated anti-parasitic measures in livestock biocenoses (Eysker & Ploeger,
2000; Charlier et al., 2014; Boyko & Brygadyrenko, 2017).

According to the research conducted by Kochanowski et al. (2017),
out of 70 pig farms, 57 were invaded by coccidia (42.9%), Ascaris
suum (28.6%), Trichuris suis (21.4%), and Strongyloides spp. (11.4%).
The most abundant distribution of coccidia and species of Strongyloides
was observed among young piglets, eggs of A. suum and T. suis —
among fattening animals, Oesphagostomum spp. — in sows. Most of the
parasites were found in small rather than average and large farms. Most
often, the simultaneous infection of animals with several parasites was
observed, which coincides with our data (Kochanowski et al., 2017).
The distribution of eggs of helminths in the provinces of China was:
Oesophagostomum spp. — 86.7%, Ascaris suum — 36.7%, Metastron-
gylus spp. —25.8%, Strongyloides spp. —25.8%, Trichuris suis — 15.8%,
Globocephalus spp. — 6.7%, Gnathostoma spp. —4.2%, Schistosoma ja-
ponicum —5.0% and Fasciola spp.— 1.3%. The distribution of all helminths,
except the species of Oesophagostomum, was higher in young pigs (less
than 8 months) compared to adult pigs (Boes et al., 2000). However,
according to our studies, no infestation of animals with either coccidia
or Fasciola was found.

According to both our data and the information of other researchers
(Armour & Urquhart, 1965; Karshima et al., 2018), the contamination of
livestock objects and soil with the exogenous stages of the development
of helminths of ruminants is quite common. After being introduced to the
environment, eggs of helminths cause a threat of infestation to other ani-
mals, which in cases of mass infestations leads to significant economic
losses and a 15-20% deficiency in milk (Holzhauer et al., 2011).

Of the environmental objects, the highest intensity of contamination is
characteristic of soil which functions as a place for the temporary sto-
rage of the invasive onset of helminths, as well as their natural reservoir
(Chammartin et al., 2013; Greenland et al., 2015; Salam & Azam, 2017).

Therefore, the distribution of eggs in the soil (Ascaris, Trichuris) in
Bangladesh was 78%, and 37% in Kenya, with the average egg concen-
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tration in soil 0.59 and 0.15 eggs/g, respectively. The distribution of eggs
of helminths in the soil was significantly higher in Bangladesh than in
Kenya (Steinbaum et al., 2017). Other studies have shown that of 1,480
soil samples, 460 (31%) were positive for the presence of eggs of hel-
minths. At the same time, the commonest (77%) were Toxocara spp., as
well as Ascaris spp. (11%), Strongylata spp. (7%), and Trichuris spp.
(5%). The study revealed that eggs of Toxocara spp. are ubiquitous, they
prevail in sandy, muddy and loamy soil textures, but are less common
in clayey soils (Paller & de Chavez, 2014). In the study of soils in the
countryside of £.6dz district (Poland), eggs of helminths were found in
60-100% of field samples and 10-100% of compost, and the highest
average density of eggs of helminths was recorded in compost — 44 spe-
cimens/100 g. The soil from the fields contained mostly eggs of Ascaris
spp. (87.7%), less commonly Toxocara spp. (7.7%) and Trichuris spp.
(3.5%) (Blaszkowska et al., 2011). However, according to our data, the
most common eggs in the soil are those of Strongylata spp. (21.4—
66.7%) and Trichuris spp. (21.4-71.4%).

The role of dogs as terminal hosts for a number of zoonotic parasites
has been widely studied and recognized as an important public health
problem worldwide. According to studies by Shalaby et al. (2010), it
was determined that out of 25 studied dogs, 14 were infested with
Toxocara canis (56.0%), two — with Toxascaris leonina (8.0%) and two
with 4. lumbricoides (8.0%). One dog was infested with 7. canis and
T. leonina at the same time. Therefore, dogs can be reservoir hosts for
A. lumbricoides and ecological pollutants that increase the risk of human
infection. We found that on the territory of the police dogs center in
Kharkiv oblast, the premises and soil were contaminated with exogenous
forms of Trichuris vulpis and Ancylostoma caninum helminths; despite
the sanitary measures, 12.7% of dogs were infested with 4 types of hel-
minths: Toxocara canis, Toxascaris leonina, Trichuris vulpis and Ancy-
lostoma caninum. In two samples, mixed invasion (7. vulpis and 4. ca-
ninum) was observed. Dogs were most infested with 7. vulpis (6.3%),
which was 1.3 times higher than the infestation with 7. canis. The level of
sanitary contamination was 26.7%, and eggs from all mentioned species
of parasites in the early stages of the development were isolated from
the samples from the floor and the animal care inventory. This confirms
the data that dogs are ecological pollutants of the environment.

Our previous studies revealed that the highest number of zoophi-
lous flies in the entomocomplex of a pig farming complex belonged to
Musca domestica, which has a leading role in the transfer of exogenous
forms of helminths (4scaris, Oesophagostomum). 1t has also been pro-
ved that Musca autumnalis (Paliy et al., 2018) can be the source of envi-
ronmental contamination with eggs of Trichostrongylus. The presented
results substantiate the data on the possibility of transfer of pathogens of
invasive animal diseases by zoophilous flies, which must be taken into
account during of the organization of veterinary-sanitary measures.

The presence of positive samples shows that the complex of anti-
helminthic measures, performed at the livestock sector (planned dehel-
minthization, decontamination of wastes, disinfestation of production
facilities and the environment) requires further improvement (Charlier
et al., 2016; Salam & Azam, 2017). It should also be taken into account
the fact that the reason for the infestation of domestic animals may be
representatives of the wild fauna, which is supported by the overlapping
of the host range of some parasites (Winter et al., 2018).

The results we obtained substantiate the data on the distribution of
exogenous forms of helminths in livestock biocenoses, which is proven
by the results of other researchers from different countries of the world.

Therefore, the data obtained as the result of our research can be used
for raising the awareness among the public, stockbreeders, and especially
for pet owners and local healthcare officials, for the purpose of effective
prevention and control of parasitoids.

Conclusions

Through the examination of the livestock objects (pig farm complex,
sheep farm, dairy farm, police dog center) in Kharkiv oblast, we have
found that they have a significant level of sanitary contamination with
exogenous forms of helminths (21.7-45.6%) as does the soil of the terri-
tories (20.0-36.6%). In the samples from the premises, we isolated eggs of
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four morphotypes (Ascaris suum — 5.3%, Trichuris suis — 14.6%, Oeso-
phagostomum dentatum — 60.6%, Strongyloides ransomi — 19.4%), from
sheep — three (Dicrocoelium lanceatum — 3.8%, Trichuris ovis —29.3%,
Strongylata spp. —46.9%), cows — three (Neoascaris vitulorum — 2.7%,
Trichuris scryabins — 12.9%, Strongylata spp. —34.5%), dogs — four mor-
photypes (Toxocara canis —6.1%, Toxascaris leonina — 5.4%, Trichuris
vulpis — 20.6%, Ancylostoma caninum — 17.5%). At the same time, the
places most contaminated with helminth eggs were manure gutters (100%)
and the floor of livestock buildings (50.0-86,7%).

In conditions of the police dog center, the housefly Musca domestica
was a source of environmental contamination with exogenous forms of
T. canis and T. vulpis helminths. The species Muscina stabulans and Sto-
moxys calcitrans can be the source of distribution of larvae of A. caninum
and eggs of T. vulpis, respectively.

It has been proved that helminthiasiss of animals in livestock farms
and complexes are distributed among a susceptible population because of
non-compliance with veterinary-sanitary norms and rules, which requires
scientifically substantiated application of highly effective measures of
dehelminthization and disinfection.

References

Amadi, E., & Uttah, E. (2010). Impact of physico-chemical factors of contamina-
ted foci on the survival of geohelminths in Abua Communities, Niger Delta
Nigeria. Journal of Applied Science and Environmental Management, 14(4),
117-121.

Antropov, V. A., & Sidorova, K. A. (2007). Ekonomicheskiy ushcherb, prichiny-
ayemyy askaridozom svinovodstvu [Economic damage caused by ascarido-
sis in pigs]. Bulletin of the Tyumen State Agricultural Academy, 2(3), 121-
122 (in Russian).

Armour, J., & Urquhart, G. M. (1965). The control of helminthiasis in ruminants.
British Veterinary Journal, 121(9), 392-397.

Backhans, A., & Fellstrom, C. (2012). Rodents on pig and chicken farms — a
potential threat to human and animal health. Infection Ecology and Epide-
miology, 2, €17093.

Blaszkowska, J., Kurnatowski, P., & Damiecka, P. (2011). Contamination of the
soil by eggs of geohelminthhs in rural areas of Lodz district (Poland).
Helminthhologia, 48(2), 67-76.

Boes, J., Willingham, A. L., Fuhui, S., Xuguang, H., Eriksen, L., Nansen, P., &
Stewart, T. B. (2000). Prevalence and distribution of pig helminths in the
Dongting Lake Region (Hunan Province) of the People's Republic of China.
Journal of Helminthology, 74(1), 45-52.

Boyko, A., Brygadyrenko, V., Shendryk, L., & Loza, L. (2009). Estimation of the
role of antropo-zoonosis invasion agents in the counteraction to bioterrorism.
Counteraction to Chemical and Biological Terrorism in East European
Countries. NATO Science for Peace and Security Series A: Chemistry and
Biology. Springer Nature, 309-315.

Boyko, A. A., & Brygadyrenko, V. V. (2017). Changes in the viability of the eggs
of Ascaris suum under the influence of flavourings and source materials
approved for use in and on foods. Biosystems Diversity, 25(2), 162—166.

Chammartin, F., Scholte, R. G., Guimaraes, L. H., Tanner, M., Utzinger, J., &
Vounatsou, P. (2013). Soil-transmitted helminth infection in South America:
A systematic review and geostatistical meta-analysis. The Lancet Infectious
Diseases, 13(6), 507-518.

Charlier, J., De Waele, V., Ducheyne, E., van der Voort, M., Vande Velde, F., &
Claerebout, E. (2016). Decision making on helminths in cattle: Diagnostics,
economics and human behaviour. Irish Veterinary Journal, 69, 14.

Charlier, J., van der Voort, M., Kenyon, F., Skuce, P., & Vercruysse, J. (2014).
Chasing helminths and their economic impact on farmed ruminants. Trends
in Parasitology, 30(7), 361-367.

Christensen, J. (2001). Epidemiological concepts regarding disease monitoring
and surveillance. Acta Veterinaria Scandinavica, Supplementum, 94, 11-16.

Daxno, 1. S., & Daxno, Y. 1. (2010). Ekolohichna hel’'mintolohiya [Ecological
Helminthology]. Sumy (in Ukrainian).

Dolbin, D. A., & Khayrullin, R. Z. (2017). Resistance of helminth eggs to unfavo-
rable physical, chemical and biological factors of the environment (Literature
review). Russian Journal of Parasitology, 39(1), 14-19.

Eysker, M., & Ploeger, H. W. (2000). Value of present diagnostic methods for
gastrointestinal nematode infections in ruminants. Parasitology, 120(Suppl),
109-119.

Graves, A., Weaver, R. W., & Entry, J. (2009). Characterization of Enterococci
populations in livestock manure using Biolog. Microbiological Research,
164,260-266.

Greenland, K., Dixon, R., Khan, S. A., Gunawardena, K., Kihara, J. H., Smith,
J.L., Drake, L., Makkar, P., Raman, S., Singh, S., & Kumar, S. (2015). The

332

epidemiology of soil-transmitted helminths in Bihar state, India. PLoS
Neglected Tropical Diseases, 9(5), €0003790.

Holzhauer, M., van Schaik, G., Saatkamp, H. W., & Ploeger, H. W. (2011).
Lungworm outbreaks in adult dairy cows: Estimating economic losses and
lessons to be learned. The Veterinary Record, 169(19), 494.

Hutchison, M. L., Walters, L. D., Avery, S. M., Munro, F., & Moore, A. (2005).
Analyses of livestock production, waste storage and pathogen levels and
prevalences in farm manures. Applied and Environmental Microbiology, 71,
1231-1236.

Ivanuk, V. P., & Bobkova, G. N. (2016). Epizootologiya kishechnykh nematodo-
zov sviney v khozyaystvakh tsentral'nogo federal'nogo okruga RF [Epizooto-
logy of intestinal nematodoses of pigs in the economies of the central federal
district of the Russia]. Vestnik of the Bryan State Agricultural Academy,
58(6), 86-91 (in Russian).

Karshima, S. N., Maikai, B. V., & Kwaga, J. K. P. (2018). Helminths of veterinary
and zoonotic importance in Nigerian ruminants: A 46-year meta-analysis
(1970-2016) of their prevalence and distribution. Infectious Diseases of
Poverty, 7(1), 52.

Kochanowski, M., Karamon, J., Dabrowska, J., Dors, A., Czyzewska-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(4), 459-466.

Kotelnikov, G. A. (1984). Gel'mintologicheskiye issledovaniya zhivotnykh i okru-
zhayushchey sredy [Helminthological studies of animals and the environ-
ment]. Kolos, Moscov (in Russian).

Kovalenko, 1. I, Sentyrin, V. V., & German, L. V. (1998). Udoskonaleni metody
diahnostyky hel’mintoziv ta eymeriozu ptakhiv [Improved methods for diag-
nosis of helminthiasis and eumeriosis of birds]. Veterinary Medicine of
Ukraine, 7, 30 (in Ukrainian).

Manyi-Loh, C. E., Mamphweli, S. N., Meyer, E. L., Makaka, G., Simon, M., &
Okoh, A. 1. (2016). An overview of the control of bacterial pathogens in
cattle manure. International Journal of Environmental Research and Public
Health, 13(9), 843.

Mohd Zain, S. N., Sahimin, N., Pal, P., & Lewis, J. W. (2013). Macroparasite
communities in stray cat populations from urban cities in Peninsular
Malaysia. Veterinary Parasitology, 196(3-4), 469-477.

Nansen, P. (1987). Production losses and control of helminths in ruminants of
temperate regions. International Journal for Parasitology, 17(2), 425-433.

Ngui, R, Lim, Y. A. L., Traub, R., Mahmud, R., & Mistam, M. S. (2012). Epide-
miological and genetic data supporting the transmission of Ancylostoma
ceylanicum among human and domestic animals. PLoS Neglected Tropical
Diseases, 6(2), €0001522.

Nissen, S., Poulsen, I. H., Nejsum, P., Olsen, A., Roepstorff, A., Rubaire-Akiiki,
C., & Thamsborg, S. M. (2011). Prevalence of gastrointestinal nematodes in
growing pigs in Kabale District in Uganda. Tropical Animal Health and
Production, 43(3), 567-572.

Paliy, A. P., Stegniy, B. T., Muzyka, D. V., Gerilovych, A. P., & Komeykov, O. M.
(2016). The study of the properties of the novel virucidal disinfectant. Agri-
cultural Science and Practice, 3(3), 41-47.

Paliy, A. P., Sumakova, N. V., Paliy, A. P., & Ishchenko, K. V. (2018). Biological
control of house fly. Ukrainian Journal of Ecology, 8(2), 230-234.

Paller, V. G. V., & de Chavez, E. R. C. (2014). Toxocara (Nematoda: Ascaridida)
and other soil-transmitted helminth eggs contaminating soils in selected
urban and rural areas in the Philippines. The Scientific World Journal, 2014,
€386232.

Pautova, E. A., Kurepina, N. Y., & Dovgalev, A. S. (2012). Toksokaroz v Res-
publike Altay. Geoinformatsionnoye (GIS) kartograficheskoye modelirova-
niye [Toksokaroz in the Republic of Altai. Geoinformation (GIS) cartographic
modeling]. Medical Parasitology and Parasitic Diseases, 4, 11-14 (in Russian).

Piwak, V. P., Bulik, R. E., & Zaxarchuk, O. 1. (2007). Laboratoma diahnostyka
parazytamykh invaziy [Laboratory diagnosis of parasitic infestations].
Chemivtsi Medical University, Chemivtsi (in Ukrainian).

Radionov, A. V. (2012). Struktura populyatsii osnovnykh vidov nematod u krupno-
2o rogatogo skota raznogo vozrasta v tsentral'noy zone Rossii [The structure
of the population of the main nematode species in cattle of different ages in
the central zone of Russia]. Russian Parasitological Journal, 2, 61-65 (in Russian).

Romanenko, N. A. (2000). Otsenka svyazi zabolevayemosti naseleniya parazitar-
nymi boleznyami s obsemenennost'yu okruzhayushchey sredy [Evaluation
of the association of the incidence of parasitic diseases with the contamina-
tion of the environment]. Medical Parasitology, 2, 12—14 (in Russian).

Romanova, E. M., Indirakova, T. A., & Zonina, N. V. (2009). Mikrobnaya ekolo-
giya zheludochno-kishechnogo trakta sobak pri toksokaroze sobak [Micro-
bial ecology of the gastrointestinal tract of dogs with toxocarose dogs].
Izvestiya of the Samara Scientific Center of the Russian Academy of Scien-
ces, 11(1/3), 167-168 (in Russian).

Salam, N., & Azam, S. (2017). Prevalence and distribution of soil-transmitted
helminth infections in India. BMC Public Health, 17(1), 201.

Biosyst. Divers., 26(4)


http://doi.org/10.4314/jasem.v14i4.63283
http://doi.org/10.4314/jasem.v14i4.63283
http://doi.org/10.4314/jasem.v14i4.63283
http://doi.org/10.4314/jasem.v14i4.63283
http://doi.org/10.1016/S0007-1935(17)41004-9
http://doi.org/10.1016/S0007-1935(17)41004-9
http://doi.org/10.3402/iee.v2i0.17093
http://doi.org/10.3402/iee.v2i0.17093
http://doi.org/10.3402/iee.v2i0.17093
http://doi.org/10.2478/s11687-011-0012-8
http://doi.org/10.2478/s11687-011-0012-8
http://doi.org/10.2478/s11687-011-0012-8
http://doi.org/10.1017/S0022149X00000068
http://doi.org/10.1017/S0022149X00000068
http://doi.org/10.1017/S0022149X00000068
http://doi.org/10.1017/S0022149X00000068
http://doi.org/10.1007/978-90-481-2342-1_38
http://doi.org/10.1007/978-90-481-2342-1_38
http://doi.org/10.1007/978-90-481-2342-1_38
http://doi.org/10.1007/978-90-481-2342-1_38
http://doi.org/10.1007/978-90-481-2342-1_38
http://doi.org/10.15421/011724
http://doi.org/10.15421/011724
http://doi.org/10.15421/011724
http://doi.org/10.1016/S1473-3099(13)70071-9
http://doi.org/10.1016/S1473-3099(13)70071-9
http://doi.org/10.1016/S1473-3099(13)70071-9
http://doi.org/10.1016/S1473-3099(13)70071-9
http://doi.org/10.1186/s13620-016-0073-6
http://doi.org/10.1186/s13620-016-0073-6
http://doi.org/10.1186/s13620-016-0073-6
http://doi.org/10.1016/j.pt.2014.04.009
http://doi.org/10.1016/j.pt.2014.04.009
http://doi.org/10.1016/j.pt.2014.04.009
http://doi.org/10.1186/1751-0147-42-S1-S11
http://doi.org/10.1186/1751-0147-42-S1-S11
http://doi.org/10.17513/np.254
http://doi.org/10.17513/np.254
http://doi.org/10.17513/np.254
http://doi.org/10.1017/S0031182099005752
http://doi.org/10.1017/S0031182099005752
http://doi.org/10.1017/S0031182099005752
http://doi.org/10.1016/j.micres.2006.11.017
http://doi.org/10.1016/j.micres.2006.11.017
http://doi.org/10.1016/j.micres.2006.11.017
http://doi.org/10.1371/journal.pntd.0003790
http://doi.org/10.1371/journal.pntd.0003790
http://doi.org/10.1371/journal.pntd.0003790
http://doi.org/10.1371/journal.pntd.0003790
http://doi.org/10.1136/vr.d4736
http://doi.org/10.1136/vr.d4736
http://doi.org/10.1136/vr.d4736
http://doi.org/10.1128/AEM.71.3.1231-1236.2005
http://doi.org/10.1128/AEM.71.3.1231-1236.2005
http://doi.org/10.1128/AEM.71.3.1231-1236.2005
http://doi.org/10.1128/AEM.71.3.1231-1236.2005
http://doi.org/10.1186/s40249-018-0438-z
http://doi.org/10.1186/s40249-018-0438-z
http://doi.org/10.1186/s40249-018-0438-z
http://doi.org/10.1186/s40249-018-0438-z
http://doi.org/10.1515/jvetres-2017-0053
http://doi.org/10.1515/jvetres-2017-0053
http://doi.org/10.1515/jvetres-2017-0053
http://doi.org/10.1515/jvetres-2017-0053
http://doi.org/10.3390/ijerph13090843
http://doi.org/10.3390/ijerph13090843
http://doi.org/10.3390/ijerph13090843
http://doi.org/10.3390/ijerph13090843
http://doi.org/10.1016/j.vetpar.2013.03.030
http://doi.org/10.1016/j.vetpar.2013.03.030
http://doi.org/10.1016/j.vetpar.2013.03.030
http://doi.org/10.1016/0020-7519(87)90118-4
http://doi.org/10.1016/0020-7519(87)90118-4
http://doi.org/10.1371/journal.pntd.0001522
http://doi.org/10.1371/journal.pntd.0001522
http://doi.org/10.1371/journal.pntd.0001522
http://doi.org/10.1371/journal.pntd.0001522
http://doi.org/10.1007/s11250-010-9732-x
http://doi.org/10.1007/s11250-010-9732-x
http://doi.org/10.1007/s11250-010-9732-x
http://doi.org/10.1007/s11250-010-9732-x
http://doi.org/10.15407/agrisp3.03.041
http://doi.org/10.15407/agrisp3.03.041
http://doi.org/10.15407/agrisp3.03.041
http://doi.org/10.15421/2018_332
http://doi.org/10.15421/2018_332
http://doi.org/10.1155/2014/386232
http://doi.org/10.1155/2014/386232
http://doi.org/10.1155/2014/386232
http://doi.org/10.1155/2014/386232
http://doi.org/10.1186/s12889-017-4113-2
http://doi.org/10.1186/s12889-017-4113-2

Shalaby, H., Abdel-Shafy, S., & Derbala, A. (2010). The role of dogs in transmis-
sion of Ascaris lumbricoides for humans. Parasitology Research, 106(5),
1021-1026.

Silver, Z. A., Kaliappan, S. P., Samuel, P., Venugopal, S., Kang, G., Sarkar, R., &
Ajjampur, S. S. R. (2018). Geographical distribution of soil transmitted
helminths and the effects of community type in South Asia and South East
Asia — A systematic review. PLoS Neglected Tropical Diseases, 12(1),
€0006153.

Spanu, M., Fanti, A., Lodi, M. B., Casu, S., Desogus, F., Bisceglia, B., & Mazza-
rella, G. (2016). Microwaves disinfection of farmland. Journal of Electro-
magnetic Waves and Applications, 30(16), €1249802.

Steinbaum, L., Kwong, L. H., Ercumen, A., Negash, M. S., Lovely, A. J., Njenga,
S. M., Boechm, A. B., Pickering, A. J., & Nelson, K. L. (2017). Detecting and
enumerating soil-transmitted helminth eggs in soil: New method develop-
ment and results from field testing in Kenya and Bangladesh. PLoS
Neglected Tropical Diseases, 11(4), €0005522.

Subbotin, A. M., & Medvedskay, M. V. (2013). Gel'mintologicheskaya i sanitamaya
otsenka ob’yektov zhivotnovodstva zony Belorusskogo Poozer’ya [Helmin-
thological and sanitary assessment of livestock facilities in the Belorussian
Poozerie zone)]. Bulletin of the Saratov State Agrarian University N. 1. Vavilov,
3,42-44 (in Russian).

Tamboura, H. H., Banga-Mboko, H., Maes, D., Youssao, 1., Traore, A., Bayala,
B., & Dembele, M. A. (2006). Prevalence of common gastrointestinal nema-
tode parasites in scavenging pigs of different ages and sexes in Eastern

Biosyst. Divers., 26(4)

Centre province, Burkina Faso. The Onderstepoort Journal of Veterinary
Research, 73(1), 53-60.

Trach, V. N. (1992). Rekomendatsii po primeneniyu novogo metoda ucheta yaits
gel'mintov i tsist prosteyshikh v fekaliyakh zhivotnykh [Recommendations
on the application of the new method of recording eggs of helminths and
cysts of protists in animal feces]. Kiev (in Russian).

Trejo, C. A., Romero Nufez, C., Garcia Contreras Adel, C., & Mendoza Barrera,
G. E. (2012). Soil contamination by Toxocara spp. eggs in a university in
Mexico City. Brazilian Journal of Veterinary Parasitology, 21(3), 298-300.

Tun, S., Ithoi, I, Mahmud, R., Samsudin, N. I, Kek Heng, C., & Ling, L. Y.
(2015). Detection of helminth eggs and identification of hookworm species
in stray cats, dogs and soil from Klang Valley, Malaysia. PLoS One, 10(12),
e0142231.

Van Dijk, J., & Morgan, E. R. (2011). The influence of water on the migration of
infective trichostrongyloid larvae onto grass. Parasitology, 138(6), 780-788.

Winter, J., Rehbein, S., & Joachim, A. (2018). Transmission of helminths between
species of ruminants in Austria appears more likely to occur than generally
assumed. Frontiers in Veterinary Science, 5, 30.

Yadav, A. K., & Tandon, V. (1989). Nematode parasite infections of domestic
pigs in a sub-tropical and high-rainfall area of India. Veterinary Parasitology,
31(2), 133-139.

Zarlenga, D. S., Hoberg, E., Rosenthal, B., Mattiucci, S., & Nascetti, G. (2014).
Anthropogenics: Human influence on global and genetic homogenization of
parasite populations. The Journal of Parasitology, 100(6), 756-772.

333


http://doi.org/10.1007/s00436-010-1755-8
http://doi.org/10.1007/s00436-010-1755-8
http://doi.org/10.1007/s00436-010-1755-8
http://doi.org/10.1371/journal.pntd.0006153
http://doi.org/10.1371/journal.pntd.0006153
http://doi.org/10.1371/journal.pntd.0006153
http://doi.org/10.1371/journal.pntd.0006153
http://doi.org/10.1371/journal.pntd.0006153
http://doi.org/10.1080/09205071.2016.1249802
http://doi.org/10.1080/09205071.2016.1249802
http://doi.org/10.1080/09205071.2016.1249802
http://doi.org/10.1371/journal.pntd.0005522
http://doi.org/10.1371/journal.pntd.0005522
http://doi.org/10.1371/journal.pntd.0005522
http://doi.org/10.1371/journal.pntd.0005522
http://doi.org/10.1371/journal.pntd.0005522
http://doi.org/10.4102/ojvr.v73i1.169
http://doi.org/10.4102/ojvr.v73i1.169
http://doi.org/10.4102/ojvr.v73i1.169
http://doi.org/10.4102/ojvr.v73i1.169
http://doi.org/10.4102/ojvr.v73i1.169
http://doi.org/10.1590/S1984-29612012000300022
http://doi.org/10.1590/S1984-29612012000300022
http://doi.org/10.1590/S1984-29612012000300022
http://doi.org/10.1371/journal.pone.0142231
http://doi.org/10.1371/journal.pone.0142231
http://doi.org/10.1371/journal.pone.0142231
http://doi.org/10.1371/journal.pone.0142231
http://doi.org/10.1017/S0031182011000308
http://doi.org/10.1017/S0031182011000308
http://doi.org/10.3389/fvets.2018.00030
http://doi.org/10.3389/fvets.2018.00030
http://doi.org/10.3389/fvets.2018.00030
http://doi.org/10.1016/0304-4017(89)90028-9
http://doi.org/10.1016/0304-4017(89)90028-9
http://doi.org/10.1016/0304-4017(89)90028-9
http://doi.org/10.1645/14-622.1
http://doi.org/10.1645/14-622.1
http://doi.org/10.1645/14-622.1

