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Abstract

The prevention of the trichurosis of sheep requires understanding the
terms of development of pathogens and their survival in the environment
under the influence of abiotic factors. This study was conducted to deter-
mine the tolerance to a temperature factor of Trichuris skrjabini nematode
eggs isolated from sheep. Trichuris eggs were obtained from the gonads
of female nematodes in laboratory conditions and cultivated in a thermos-
tat until the appearance of motile larvae in the eggs at the temperatures
of 20°C, 25°C, and 30°C. It was determined that the time of formation of
infectious eggs decreases with increasing temperature. The temperature of
25°C was found to be the most favorable for the development of T. skrjabini

eggs in laboratory conditions, and 80.3% of eggs with motile larvae formed
on the 54th day. Temperatures of 20°C and 30°C were less advantageous
to the process of embryogenesis. The motile larvae develop in eggs in 63
days at 20°C and in 45 days at 30°C, and their respective survival rates are
77.0% and 75.3%. The obtained data increase the effectiveness of plan-
ning measures to prevent the trichurosis of sheep, taking into account the
period of development of the pathogen depending on the temperature of
the environment.

Keywords: Exogenous development, nematodes’ eggs, optimal environ-
mental conditions, trichurosis

Introduction

The gastrointestinal nematodes of sheep are recognized among
the most common pathogens of sheep farms in many parts of the
world. This group of parasites is commonly represented in sheep by
the helminths of the genus Trichuris, usually of the species Trichuris
skrjabini (Baskakov, 1924; Nematoda, Trichuridae), T. ovis (Abildgaard,
1795; Nematoda, Trichuridae), or T. globulosa (Linstow, 1901;
Nematoda, Trichuridae) (Asmare et al., 2016; Bhattacharjee et al,,
2021; Jadidoleslami et al., 2022; Melnychuk et al., 2020; Yevstafieva
etal, 2018).
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The environment plays a significant role in the spread of gastrointes-
tinal nematodes, including trichurosis. This is due to the fact that the
causative agents of nematodosis complete a certain stage of their
biological cycle in the environment, and their corresponding adap-
tations are characterized by the emergence of tolerance to the influ-
ence of various environmental factors. Such resistance of parasites
to the influence of environmental factors is extremely necessary for
exogenous stages because they persist in the environment for quite
a long time (Aleuy & Kutz, 2020; Moskvina et al., 2016; Natalini et al.,
2021).
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The infected animal hosts are the main source of the parasite eggs in
the environment. Moreover, the amount of invasive material released
into the environment depends on the type of infection, fecundity,
number, and life span of parasites. In particular, it is established that
the helminths of the suborder Trichinellida and the genus Trichuris
are the most fertile and tolerant during the process of embryogen-
esis and long-term persistence in the environment (Lindgren et al.,
2020; Mkandawire et al., 2022; Saldanha et al., 2022). These parasites
are geohelminths. According to their cycles of development, the
eggs are released with the feces of definitive hosts and mature to the
infectious stage outside the host's body under the influence of vari-
ous environmental conditions. Such development is possible in the
presence of oxygen and favorable levels of temperature and mois-
ture. Moreover, the abovementioned abiotic factors directly affect
the duration of the biological cycle and viability of parasites (Cable
et al, 2017; Melnychuk & Berezovsky, 2018). The temperature plays a
decisive role in the survival of eggs of the geohelminth nematodes.
The pathogens die in the early stages of embryonic development
under unfavorable temperature regimes (Molnar et al., 2013; Parija,
2022). In particular, eggs of helminths of the genera Trichuris do not
develop well in the environment under the influence of high and low
temperatures, and their viability decreases (Vejzagié et al., 2016).

It is extremely important to study the biological properties of the
causative agents of parasitosis, especially the exogenous stages of
parasites, as well as the influence of the external environment on
them and the possibilities of their adaptation and survival. Therefore,
the aim of the work was to determine the resistance of T. skrjabini
nematode eggs isolated from sheep to the influence of different
temperature regimes during their embryonic development.

Method

Animals and Research Model

Experimental research was conducted in the laboratory of parasi-
tology of the Poltava State Agrarian University (Poltava, Ukraine) in
2022. The nematodes were collected by complete helminthological
dissection of the large intestines of sheep slaughtered at specialized
slaughterhouses of the Poltava region. T. skrjabini were microscopi-
cally recognized by the standard taxonomic keys (Skrjabin et al.,
1957; Taylor et al., 2016).

In total, 43 sheep with age ranging from 6 months to 5 years, of the
Romanov and Askanian fine-wool breeds, were studied.

Parasitological Studies

Trichuris nematodes were removed from the intestines of sheep
in laboratory conditions and washed in a 0.9% NaCl solution. Live,
mature Trichuris females were selected for the experiment. Trichuris
eggs were obtained from their gonads by dissecting the area of the
distal part of the vagina. The resulting culture of T. skrjabini eggs was
transferred to separate Petri dishes with a 0.9% NaCl solution. Then,
the eggs were placed in each Petri dish (100 eggs per dish) and cul-
tivated in a thermostat at different temperatures (20°C, 25°C, and
30°C) until the formation of the motile larvae. Trichuris egg cultures
were examined under a microscope every 3 days and aerated daily. If
necessary, 0.9% NaCl solution was added to egg cultures. The degree
and stage of egg development were determined by the morphologi-
cal structure. The term of formation of invasive eggs was determined.
Each experiment was performed in triplicates.

Microphotography was performed using a digital camera SIGETA
M3CMOS 14000 14.0 MP (TM SIGETA, Kyiv, Ukraine) with the micro-
scope Sigeta MICROmed XS 5520 (Ningbo Shengheng Optics &
Electronics Co., Ltd, Ningbo, China).

Statistical Processing of Results

All datasets were expressed as mean (M) + standard deviation of the
mean. Statistical processing of the experimental results was carried
out using Microsoft Excel software.

Results

Under all temperature regimes, the exogenous development of T.
skrjabini eggs occurred in six stages that differed in the morphologi-
cal structure of the embryo: zygote, formation of blastomeres, for-
mation of a bean-like and tadpole-like embryos, formation of a larva,
and last a mobile larva (Figure 1).

With increasing temperature, the time for the formation of mobile
larvae in T. skrjabini eggs decreased, and the percentage of survival
ranged from 75.3% to 77.0%. In particular, at a temperature of 20°C,
the maturation period of eggs to the invasive stage happened in 63
days, and their survival rate was 77.0 + 3.6% (Table 1).

The zygote was found until the 27" day of cultivation, at which
point the amount of eggs at that stage gradually decreased from
100.0% to 4.0 + 2.0%. The stage of blastomere formation lasted
from 3 to 33 days. The amount of eggs at that stage gradually

Figure 1.

Eggs of Trichuris skrjabini in the process of their embryogenesis at the stage: (A) zygote and (B) formation of a mobile larva.
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Table 1.

Survival Rates of Trichuris skriabini Nematode Eggs In Vitro at a Temperature of 20°C

Stage of Development, %

Day Zygote Cleavage Bean-Like embryo
1 100.0 - -

3 933+35 6.6 +3.5 -

6 86.6 + 5.5 133+55 -

9 786 £57 213 +57 -

12 50.3+4.0 263 +4.0 83+50
15 350+5.2 306+05 19.0+3.0
18 206+23 346+15 263 +2.1
21 126 +4.7 276+35 343+15
24 80+26 183 +3.5 41.0+1.0
27 40+20 146 +4.0 45.6 +3.1
30 - 70+34 48.0+ 3.6
33 - 20+1.0 346 +57
36 - - 200+ 1.7
39 - - 123+3.1
42 - - 40+1.7
45 - - _

48 - - -

51 - - -

54 - - -

57 - - -

60 - - -

63 - - -

Note: - no eggs at the stage of development.

increased until 18 days (34.6 = 1.5%) and then decreased until
33 days (2.0 + 1.0%). The stages of bean-like and tadpole-like
embryo formation in eggs took place during 12-42 days and 18-51
days, respectively, and the numbers of such eggs varied during this
period from 4.0 + 1.7% to 48.0 + 3.6% and from 2.3 + 1.5% to 48.0
+ 2.6%, respectively. The maximum numbers of such eggs were
detected on the 30™ and 36™ day of cultivation for the bean-like
and the tadpole-like embryos, respectively. The two final stages in
eggs lasted 30-60 days for the formation of larva (the number of
such eggs varied from 2.0 + 1.0% to 49.0 + 2.6%) and 42-63 days for
the formation of motile larva (the amount of infectious eggs ranged
from 3.3 + 1.5% to 77.0 + 3.6%).

At a temperature of 25°C, the maturation period of eggs to the inva-
sive stage lasted 54 days, and their survival rate was 80.3 + 2.1%
(Table 2).

At this temperature, the zygote stage lasted until the 24th day of
cultivation, and the number of eggs also gradually decreased from
100.0% to 3.0 = 2.0%. The stage of blastomere formation lasted from
3 to 30 days. The number of such eggs ranged from 2.0 + 1.0% to
38.6 + 2.1%. Trichuris eggs at the stages of bean-like and tadpole-
like embryo formation were detected in the culture at 9-39 days
and 21-45 days. The maximum number of eggs at these stages of

Tadpole-Like Embryo Larva Motile Larva
23+15 - -
86+25 - -
16.0 £ 6.2 - -
186 +7.5 - -
243 +28 20+1.0 -
366+7.2 7.6+05 -
48.0+2.6 126+ 1.5 -
43.0+43 250+1.0 -
323 +5.1 393+15 33+15
193 +£0.5 49.0 +£2.6 103 +1.2
11.0+2.6 406+ 1.5 26.0+3.6
56+3.2 32.0+3.6 393+15

- 25.0+45 52.0+2.0
- 133 +5.1 63.6 +6.1
- 63+3.5 70.6 +4.5
- — 77.0+3.6

development was observed on the 27" day (52.0 + 1.7%) and the
33rd day (39.6 + 4.6%), respectively, and the minimum at the 9th
day (5.3 & 3.2%) and the 45™ day (3.3 + 1.2%). Eggs of T. skrjabini in
the stages of larva formation and motile larva were detected in the
culture during 27-51 days and 36-54 days. The maximum number
of eggs at these stages of development was noted on the 39* day
(44.0 + 2.0%) and the 54" day (80.3 + 2.1%), respectively, and the
minimum at the 27% day (4.3 + 1.5%) and the 36" day (4.0 + 3.4%).

At a temperature of 30°C, the egg matured to the invasive stage in
45 days, and its survival rate was 75.3 + 2.5% (Table 3).

In that case, the zygote stage was found up to the 18" day of cultiva-
tion. Moreover, the number of eggs at that stage gradually decreased
from 100.0% to 5.3 + 2.5%. The next stage of blastomere formation
lasted from the 3" to the 24™ days, and their numbers increased until
the 9* day (from 30.3 + 2.5% to 41.0 + 1.0%) and then decreased until
the 24" day (to 6.0 + 3.6%). The stages of bean-like and tadpole-like
embryo formation in T. skrjabini eggs took place over 67-33 days
and 15"-36™ days, respectively. The number of eggs at these stages
increased up to the 21+ day (from 4.6 + 2.3% t0 46.6 + 3.1%) and up to
the 30" day (from 4.6 + 3.1% to 34.3 + 2.1%) and then decreased until
the 33 and 36™ days (to 8.3 + 5.0% and 8.3 + 3.1%), respectively. The
stages of formation of larvae and mobile larvae in eggs occurred at
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Table 2.

Survival Rates of Trichuris skriabini Nematode Eggs In Vitro at a Temperature of 25°C

Day
1

3
6
9
12
15
18
21
24
27
30
33
36
39
42
45
48
51
54

Zygote
100.0
883+ 15
78.6 + 1.5
66.3 + 3.7
486+ 1.5
300+1.0
21.0+1.7
11.0+20
3.0+20

Cleavage
11.6+1.5
213+15
283+ 1.1
31315
38.6 +2.1
333+15
240+20
193+1.2
70+36
20+1.0

Note: - no eggs at the stage of development.

Table 3.

Survival Rates of Trichuris skriabini Nematode Eggs In Vitro at a Temperature of 30°C

Day
1

3
6
9
12
15
18
21
24
27
30
33
36
39
42
45

Zygote
100.0
69.6 + 2.5
56.3 +3.2
303+25
223+15
123+23
53425

Cleavage
303+25
39.0+1.0
41.0+1.0
39.0+1.0
326+25
283+15
196+ 15
6.0+ 3.6

Note: - no eggs at the stage of development.

Stage of Development, %

Bean-Like Embryo

53+32
56+12
170+1.0
31.0+1.0
456+ 25
500+17
520+ 1.7
39.6 £ 2.1
28.6 +3.2
156+3.5
7.0+45

Tadpole-Like Embryo

46+2.1

11.0+3.6
200+ 1.7
346 +3.2
39.6 +4.6
326+4.0
20.6 + 6.6
120+6.2
33+12

Stage of Development, %

Bean-Like Embryo

46+23
93+45
18.0 +£3.6
286 +25
356 +3.7
46.6 + 3.1
416+ 2.1
340+ 3.0
20.0+20
83+5.0
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Tadpole-Like Embryo

4.6 +3.1
86+25
11.6 £3.1
226+ 1.1
28.6 +3.2
343+ 2.1
273+15
83 +3.1

Larva

43+15
6.6+ 2.1
146+ 1.2
303+1.2
44.0+2.0
413+1.2
23.6 +4.7
11.6 +2.1
6.6+ 2.1

Larva

6.6 + 3.1

9.6 +3.1

15.0+3.6
276 +2.1
326+47
183 +3.5
6.3+3.7

Motile Larva

40+34
100+ 3.4
27.0+34
533+37
68.6 + 2.1
73.6£2.1
80.3 +2.1

Motile Larva

46+25

76+25
120+ 1.0
343+10.0
570+6.0
69.0 + 4.5
753 +25
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Figure 2.

Lethality of Trichuris skrjabini eggs during embryogenesis at a temperature 20°C.

the 24"-42t days and 27""-45™ days, respectively. The number of eggs
at the stage of larval formation increased until the 36™ day (from 6.6
+ 3.1% to 32.6 + 4.7%) and then decreased until the 42" day (to 6.3
+ 3.7%). The number of eggs at the stage of a mobile larva formation
during cultivation increased from 4.6 + 2.5% to 75.3 + 2.5%.

The number of dead eggs during cultivation varied according to the
temperature regime. At a temperature of 20°C, 15.0 + 3.6% (on the
12% day) to 23.0 + 3.6% (on 51563 days) of eggs died during culti-
vation (Figure 2). As the temperature increased, the number of dead
eggs decreased. At a temperature of 25°C, 14.3 + 1.2% (on the 12
day) to 19.6 + 2.1% (on 42"-54" days) of eggs died during cultiva-
tion (Figure 3). In contrast, at a temperature of 30°C, the number of

24

non-viable eggs increased to 24.6 + 2.5% (within the 339-45™" days).
Thus, 19.3 + 2.5% of eggs died on the 9* day, 20.6 + 3.2% on the 12
day, 21.6 + 4.0% on the 15" day, and 22.0 + 4.3% on the 18""-21* day
(Figure 4).

Discussion and Conclusion and Recommendations

The relevance of studying the influence of abiotic factors on the spe-
cifics of survival of geohelminths in the process of their embryonic
development is evidenced by the works of many scientists, as this
will allow effective planning of measures for the control and pre-
vention of animal and human parasitosis (Blaxter & Koutsovoulos,
2015; Charlier et al., 2018; Oyewole & Simon-Oke, 2022; Vejzagié¢

18

16

| LRLAL

12 15 18 21 24 27 30

3 36 39 42 45 48 31 34

Day of cuiture

Figure 3.

Lethality of Trichuris skrjabini eggs during embryogenesis at a temperature 25°C.
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Figure 4.

Lethality of Trichuris skrjabini eggs during embryogenesis at a temperature 30°C.

et al.,, 2016). Therefore, we determined the tolerance of T. skrjabini
nematode eggs, isolated from sheep, to the temperature factor. The
chosen direction of research is due to the fact that the trichurosis of
sheepis a widespread nematode infection at farms in many countries
of the world. One of the frequently recorded species is T. skrjabini (de
Souza et al., 2013; Melnychuk et al., 2020; Zhou et al., 2021).

It has been proved that the causative agents of trichurosis are suffi-
ciently resistant in the embryonic stages of their development to the
influence of abiotic factors of the external environment (Mkandawire
et al.,, 2022; Saldanha et al., 2022). In this study, the survival rates of
T. skrjabini eggs during their embryogenesis ranged from 75.3% to
80.3%. Our earlier studies also established a high survival rate of
Trichuris eggs in the process of their maturation. In particular, the
formation of invasive T. suis (Schrank, 1788; Nematoda, Trichuridae)
eggs in laboratory conditions at a temperature of 27°C occurred in
40 days, and their viability ranged from 89.3% to 96.6% (Yevstafieva
et al., 2016). At the same temperature, the development of T. vulpis
eggs to the invasive stage occurred in 18 days, and their survival rate
was 76.6% (Yevstafieva et al., 2019).

However, it has also been noted that the viability of Trichuris eggs
depends on the temperature of environment. Moreover, the devel-
opment period of these pathogens in the external environment
gradually decreases with increasing temperature, and the limit of
their survival is 37-38°C (Forman et al., 2021; Manz et al., 2017).

Our results also indicate a significant effect of temperature on the
tolerance and survival of T. skrjabini, a parasite of sheep, in the
embryonic stages of development. In particular, with an increase in
temperature from 20°C to 25°C, the period of formation of motile
larvae in eggs decreased from 63 to 54 days. Their survival rates and
the formation of invasive eggs increased and ranged from 77.0 +
3.6% to 80.3 + 2.1%, while the number of dead eggs, on the contrary,
decreased from 23.0 + 3.6% to 19.6 + 2.1%.

At a temperature of 30°C, the period of formation of invasive T.
skrjabini eggs was the shortest, i.e., 45 days. However, this tempera-
ture turned out to be more unfavorable for the development of T.
skrjabini. The survival rate of eggs was the lowest, 75.3 + 2.5%, and
the number of dead eggs was the highest, 24.6 + 2.5%.

It was also found that regardless of the temperature regime, the
embryogenesis of nematode eggs of this species occurred in six
stages. At the same time, the duration of each stage depended on
the temperature index.

The obtained data support the findings of other authors, which
show that the viability of parasitic organisms is determined by the
influence of biotic and abiotic factors (Botero-Cafola et al., 2019;
Bommarito et al., 2022). Moreover, the temperature of the environ-
ment is the most significant abiotic factor of the external environ-
ment.Thisis dueto thefactthatthe life processes of living organisms
occur through various chemical reactions that proceed according
to the law of thermodynamics. The temperature affects both the
speed of these reactions and a certain structural rearrangement of
chemical and organic compounds, as well as the structure of water.
It has been proven that for all living organisms, including parasitic
ones, there are temperature limits that ensure their viability. A
decrease in temperature below a certain limit negatively affects the
processes of assimilation and dissimilation if water crystallization
occurs. An increase in temperature to the upper limit leads to coag-
ulation of proteins. Also, scientists have determined that parasite
eggs are more resistant to low temperatures than to high ones. This
feature developed in the process of evolution and adaptation of
parasites, as low temperatures slow down the metabolic processes
of their embryonic stages of development (Darimani et al., 2016;
Kines et al., 2021; Senecal et al., 2020).

Therefore, it can be concluded that the exogenous development of
T. skrjabini nematodes of sheep lasts from 45 to 63 days in laboratory
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conditions, depending on the different temperature regimes. The
duration of each developmental stage, the rate of egg survival, and
the number of invasive egg formation depend on the tempera-
ture. The temperature of 25°C was optimal for the survival rate of
T. skrjabini eggs (80.3%). Under temperature regimes of 20°C and
30°C, the survival rates of eggs in the process of embryogenesis did
not exceed 77.0% and 75.3%. The development periods of T. skrjabini
eggs gradually decreased with increasing temperature. At a tem-
perature of 20°C, T. skrjabini embryogenesis lasts 63 days, at 25°C
it occurs in 54 days, and at 30°C it happens in 45 days. The obtained
data make it possible to more effectively plan measures to combat
sheep trichurosis, taking into account the period of development of
the pathogen depending on the temperature of the environment.
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