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Helminths of the species Oxyuris equi Schrank, 1788 are pathogens of domestic and wild odd-toed ungulates. They parasitize
in the large intestine of horses, causing colitis and dermatitis at the tail root area. The wide distribution and overall persistence of
this species is significally promoted by the specifics of its development and reproduction. Here we studied the specifics of the
exogenous development of O. equi nematodes parasitizing Equidae in respect to the factor of temperature and the morphometric
changes in oxyuris eggs at different stages of embryogenesis. In laboratory culture of O. equi eggs obtained from female gonads,
the embryogenesis occurs in four stages: morula, formation of bean-like embryo, formation of non-invasive larva and formation of
infectious larva. The stages of development differ by the morphological parameters. It is established that the development of
O. equi eggs is directly related to temperature. The optimal temperature for embryogenesis is 25 °C, at which the highest survival
rate of infectious eggs, 81.3%, was observed. At 20 °C and 15 °C the survival of eggs decreased during culturing and the ratios of
infectious eggs were 75.7% and 67.3%, respectively. Accordingly, 24.3% and 32.7% of eggs died during development. The tem-
perature also affects the duration of development of O. equi eggs. At 25 °C, the development of Oxyuris eggs was the fastest and
occurred in two days. With temperature falling to 20 and 15 °C, the duration of egg development slowed to three and five days,
respectively. The process of embryogenesis in Oxyuris is associated with changes in metrical parameters. The length, width and
area of egg surface increased. Length and width of egg plug, and shell width of mature Oxyuris eggs decreased. The obtained data
on the duration and specifics of exogenous development of parasitic O. equi nematodes will allow effective control measures for
horse oxyurosis to be developed.
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Introduction

Nearly 850 species of nematodes of the order Oxyurida (Weinland,
1858) parasitize the intestine of arthropods and vertebrates, including
humans (Adamson, 1994; Ariyarathenam et al., 2010; Kim et al., 2013;
Carreno et al., 2014). The levels of specificity of relationships between
nematodes and their hosts vary significantly, from strongly specific to
the genera including species found in very different hosts (Adamson &
Noble, 1992; Achinelly et al., 2007; Ozawa & Hasegawa, 2018; Boyko
etal,, 2019). Oxyurids are haplodiploid, the only such endoparasitic group.
The males are haploid and develop from unfertilized eggs, while fema-
les, in contrast, are diploid and originate from fertilized eggs (Adamson
etal., 1989; Adamson, 1990).

The most common endoparasitic oxyuroses of domestic animals are
caused by nematodes of the genera Passalurus Dujardin, 1845 (parasites
of rabbits), Skrjabinema Verestchagin, 1926 (sheep), Heterakis Dujardin,
1845 (terrestrial birds and waterfowl), and Oxyuris Rudolphi, 1803 (Shah-
lapoor, 1965; Georgieva et al., 2005; Zhang et al., 2015; Yevstafyeva
etal., 2018; Mykhailiutenko et al., 2019). The latter genus includes Oxy-
uris equi Schrank, 1781, a specific parasite of horses (Equidae). This pa-
thogen is of significant importance in many countries of the world (Du-
four et al., 2015; Tedla & Abichu, 2018; Tydén et al., 2019). For example,
prevalence of oxyurosis rates is 1.1-2.3% in horses of Ethiopia (Sheferaw
& Alemu, 2015; Belay et al., 2016), 7.0% in Australia (Bucknell etal.,
1995), 2.8-4.3% in Columbia (Ramirez-Hemandez et al., 2019), 22.6% in
Iran (Tavassoli et al., 2010), up to 38.7% in Poland (Slivinska et al., 2016).
The parasite has such a wide range due to its biological specifics which
depend on the factors of temperature, air and soil humidity, precipitation

levels, vegetation cover, etc. (Mfitilodze & Hutchinson, 1989; Bucknell
etal,, 1995; Boyko et al., 2009; Reinemeyer & Nielsen, 2014; Boyko &
Brygadyrenko, 2016). Each living organism is best adapted to the ex-
ternal environmental factors in order to employ all biological abilities
for further development, reproduction and persistence. This is consi-
dered true for all living creatures. According to that point of view, the
parasites are the most adapted life forms of all (McSorley, 2003; Blaxter
& Koutsovoulos, 2015).

Ontogenesis of parasites is usually more complex than that of free-
living species. Indeed, the latter are less encumbered with problems of
reproduction and distribution, which are significantly more intricate for
parasites. Thus, the majority of parasites often have complex metamor-
phosis, with the exogenous stages living in various environments for
different purposes: dissemination, active growth, passive wait to change
the living environment. Parasites can disseminate at different stages of
their life cycles. The resting stages allow the parasite to delay its deve-
lopment until the environmental conditions are favourable. In the case
of nematodes, such stages are usually eggs (Perry, 2011; Lok, 2016).

Scientists point out the unique life cycle of O. equi. After fertiliza-
tion, the males die. When the female is ready to lay eggs, it travels
through the host’s intestine to the anal opening and almost fully pro-
trudes outside, using its thin long tail to maintain a link to the anus. This
tail is an adaptation biologically useful for females. After the body of
female leaves its host, the nematode’s vulva begins to excrete a viscous
greyish-white mass which adheres to the perianal tissues. This mass
consists of numerous eggs and mucus. After laying eggs, the female
shrivels and falls from the host. At the host’s perineum and under the
tail the eggs are exposed to oxygen, the larvae are exposed to optimal
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temperature and humidity. The eggs cannot develop in an oxygen-free
medium, thus they need to enter the outer environment (Lee, 2002;
Sellon & Long, 2013). The temperature of the perianal area is unstable
ranging 15-30 °C, which is optimal for egg development. They become
infectious in 2-3 days. During that time, the sticky film at their surface
dries away and they fall off into forage, hay or litter. A small amount of
eggs is deposited with fecal masses and develops almost simultaneously
after exposure to the environment. Further formation of larva is possible
at 22-37 °C (Wolf et al., 2014; Nielsen & Reinemeyer, 2018).

The peculiar morphology, biology and ecology of parasitic nema-
todes, including O. equi, indicate the need for a detailed analysis of their
biological adaptive properties, required to develop measures for the
control and prevention of oxyurosis.

The aim of this work is to study the features of embryogenesis of
O. equi nematodes in laboratory conditions, taking into account their
morphometric changes, as well as the influence of the temperature fac-
tor on the survival of oxyuris eggs.

Materials and methods

Nematodes were collected in helminthological investigation of the
intestine of dead or killed horses (Skriabyn, 1928). Species of Oxyuris
was identified with (Ivashkyn et al., 1984). The biological features of
O. equi nematodes were studied in laboratory cultures of eggs obtained
from female nematode gonads. Each egg culture was separately grown
in a Petri dish and kept in a thermostat at different temperature regimes
(15, 20, 25 °C) to the development of infectious eggs with infectious lar-
vae (with one-and-a-half bend). Every 12 hours cultures were examined
under a microscope. The stage of embryonic development was assessed

d

taking into account the embryonic morphology. Each experiment was
done in triplicate. To measure morphometric characteristics of O. equi
eggs in culture, ImageJ for Windows™ (version 2.00) software was used
in interactive mode using 107, 40", 100" objective and 10” photo eye-
piece. Tocalibrate the image analyzer, a ruled scale of ocular
micrometer was calibrated with the scale of stage micrometer included
in MikroMed microscope kit. Microphotographs were taken using a
digital camera of MikroMed 5 Mpix (China) microscope.

Statistical processing of the experimental results was carried out using
Statistica 10 (StatSoft Inc., USA) software. Standard deviation (SD) and
average values (x) were calculated. Significance of difference between
average values in the studied groups of nematodes was established using
one-way analysis of variance and F-test for 95% confidence level.

Results

The embryogenesis of horse nematodes of the species O. equi in
culture occurred in four stages as follows: morula, formation of bean-
like embryo, noninfectious larva (once bent), and infectious larva (once-
and-a-half bent). These stages were characterized by specific, distinct
morphological parameters. 100.0% of eggs obtained from female gonads
were at the stage of morula. Morphologically that manifested as elon-
gated form with a slight unilateral depression, with thick egg shell and a
plug on one end. The egg contained dispersed and heterogenous,
amorphous mass of greyish-white colour (Fig. 1a). The next stage was
characterized by formation of bean-shaped, more solid embryo (Fig.
1b). At the third stage of development, a larva with one bend occurred
(Fig. 1c). The formation of an infectious egg was accompanied by slight
growth and stronger curve (one-and-a-half bend) of the larva (Fig. 1d).

Fig. 1. Stages of embryonic development of nematodes of the species Oxyuris equi: a — morula; b — bean-like embryo formation;
¢ — formation of once-bent noninfectious larva; d — formation of one-and-a-half bent infectious larva

The development of O. equi eggs directly depended on the tempe-
rature. The oxyuris nematodes developed faster and with higher survi-
val of eggs in warmer culture conditions. Thus, duration of develop-
ment of O. equi eggs was the longest at 15 °C, with the lowest survival
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ratio. The highest ratio of eggs with infectious larvae was noted at the

fifth day of culture, with maximum survival of 67.3 + 3.5% (Table 1).
The morula stage lasted two days, with the ratio of eggs containing

morulae decreasing to 15.0 £ 3.0% in 48 hours. The stage of bean-like
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embryo was recorded on the first to fourth days, peaking (46.6 = 6.0%
and 48.3 + 5.5%) at 48-60 hours. Formation of noninfectious larvae
occurred from the second to fifth days, with the highest amount (41.3 +
7.3%) observed in 72 hours, decreasing to 8.3 + 3.2% later. Formation
of infectious eggs was noted at the third to fifth days, starting from 4.0 +
2.0% in 60 hours. Gradually, that amount increased from 14.6 + 1.5%
(72 hours) to 67.3 £ 3.5% (120 hours). At 15 °C, egg death was noted as
early as after 12 hours of development (19.6 + 2.0%). Subsequently, the
ratio of dead eggs increased to 32.6 + 3.5% at the end of embryogenesis
(120 hours).

Table 1
Parameters of embryonic development of Oxyuris equi eggs
in laboratory culture at 15 °C (x + SD, n = 100)

noninfectious larvae. The maximum amount of noninfectious eggs was
found after 24 hours (40.3 £ 5.0%) of culture. After 36 hours, 24.3 +
4.7% of eggs were at that stage. Infectious eggs developed in 24—
48 hours, increasing from 7.0 +2.0% to 81.3 + 2.5%. Eggs were observed
to die at 12 to 48 hours, increasing from 4.0 +4.3% to 18.6 +2.5%.

Table 3
Parameters of embryonic development of Oxyuris equi eggs
in laboratory culture at 25 °C (x + SD, n = 100)

0,
ion of Stage of developl.nent, % .
culture Beanike Formationof ~ Formation EggA
? Morula non-infectious  of infectious ~ mortality
hours/ days embryo
larva larva
Beforeculture 1000 - - _ _

12/1 313+25 580+3.0 66+3.0 - 40+43
24/1 56+35 346+37 403+50 70+£20 123+50
36/2 - - 243+47 596+£25 160+2.6
48/2 - - — 813+25 186+25

Stages of development, %
Duration of Formation ~ Formation Egg
culture, Bean-like of of .
hours / days Morula embryo  non-infecti-  infectious mortality
ous larva larva
Before culture 100.0 - - - -
12/1 650+26 153+40 - - 19.6+20
24/1 570+£20 213+£25 - — 216+0.5
36/2 366+£40 380+62  3.0+26 - 223+15
48/2 150+£30 466+60 140+30 - 243+25
60/3 - 483+55 223+70 40+20 253+20
72/3 - 163+68 413+73 146+15 276*15
84/4 - 60+30 363+£28 293+32 28320
9/4 - - 23+£30 463+1.1 313+30
108/5 - - 83+£32 596+55 320+40
120/5 - — - 673+35 326+35

At 20 °C, the duration of O. equi egg development was three days
with maximum survival of 75.6 + 3.5%, and 24.3 + 3.5% death rate
(Table 2).

Table 2
Parameters of embryonic development of Oxyuris equi eggs
in laboratory culture at 20 °C (x + SD, n = 100)

Stage of development, %
Duration of Formation .
culture, Morula Beandlike of ol:'%?oint}ggs mfn%ﬁity
hours / days embryo  non-infecti-
larva
ous larva
Before culture 100.0 - - - -
12/1 390+20 483+5.1 - - 12.6+4.0
24/1 200+45 590+88  66+32 - 143+35
36/2 90+£20 383+51 376+30 - 150+26
48/2 - 126+60 536+47 163+45 173445
60/3 - — 33+£15 743+40 223+40
72/3 - - - 756+35 243+£35

The morula stage occurred from the first to second days, with the
ratio of eggs with morulae gradually decreasing from 100.0 to 9.0 +
2.0%. The following stage of bean-like embryo formation also occurred
over 2 days (up to 48 hours). The maximum amount of eggs at that
stage of development was seen after 12 (48.3 £ 5.1%) and 24 hours
(59.0 £ 8.8%) of culture. After 24 hours of culture, the noninfectious
larvae were seen in 6.6 + 3.2% of O. equi eggs. The maximum amount
of eggs at that embryonic stage was found at 48 hours (53.6 + 4.7%) of
culture. After 60 hours, only 3.3 + 1.5% of eggs were at that stage.
Infectious eggs developed in 48—72 hours, increasingly, from 16.3 +
4.5% to 75.6 £ 3.5%. Egg death was seen as soon as 12 hours (12.6 +
4.0%), increasing to 24.3 & 3.5% in 72 hours.

At 25 °C, O. equi eggs developed in two days, and their survival
rates were maximum, 81.3 + 2.5%. No more than 18.6 + 2.5% eggs
died during embryogenesis (Table 3).

The morula stage occurred at the first day, the ratio of eggs at that
stage gradually decreased from 100.0 to 5.6 + 3.5%. The stage of bean-
like embryo formation developed after 12-24 hours of culture. The ma-
ximum amount of eggs at that stage of development was seen after
12 hours (58.0 & 3.0%) of culture together with 6.6 + 3.0% of eggs with
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The metric parameters of O. equi eggs changed significantly during
embryogenesis. The length and width of eggs obtained from female
Oxyuris gonads were 81.8 + 1.3 and 40.5 + 1.4 um, respectively, at the
morula stage. The length and width of the unilateral egg plug were then
3.9+ 0.3 and 10.3 £ 0.9 um. Eggshell was 2.0 £ 0.0 um thick, and inner
egg surface area was 2060 + 33 pum”. Formation of infectious larvae was
associated with a significant (P < 0.001) elongation by 3.1% (84.5 =+
0.8 um, Fig. 2a) and dilatation by 5.4% (42.8 + 1.2 um, Fig. 2b) of eggs.
The inner surface area of eggs increased by 7.4% (2225 + 74 pm?,
Fig. 2f). At the same time, the length of plug in maturing egg decreased
by 26.1% (2.9 = 0.2 pm, P < 0.001, Fig. 2c), and the width of plug de-
creased by 10.6% (9.2 + 0.9 pm, P < 0.01, Fig. 2d). The egg shell was
thinner by 18.4% (1.6 + 0.1 um, P < 0.001) in infectious eggs (Fig. 2¢).

Thus, studies of adaptation of parasites during the exogenous deve-
lopment are economically and theoretically significant for understand-
ding their abilities to adapt as part of species establishment and forma-
tion of parasite-host relationships. The life cycle of O. equi nematodes is
specifically dependent on the optimal temperature for the parasitic emb-
ryo to develop, the temperature regime corresponding to that of the host
animal. These conditions are important for the growth, development
and maturing of eggs, ensuring their high survival rates.

Discussion

We have obtained new data on the features of exogenous develop-
ment for eggs of Oxyuris equi Schrank, 1781 nematode parasites of odd-
toed ungulates. Many scientists consider O. equi to be one of the most
common parasites of horses (Equus Linnaeus, 1880) worldwide. The pre-
valence of oxyurosis in domestic horses can be as high as 38.7% (Duns-
more & Jue Sue, 1985; Tavassoli et al., 2010; Slivinska et al., 2016), and
infection rates can be higher than 10 000 nematodes per horse (Boxell
etal.,, 2004). This significant distribution of oxyurosis in horses is explai-
ned by the parasite’s specific adaptations to environmental factors. The in-
fection rates are higher in horses from areas with evenly distributed high
precipitation; hence the latter is advantageous for the development of
O. equi (Mfitilodze & Hutchinson, 1989; Bucknell et al., 1995).

This parasitic situation is notably unpredictable and adversely fluc-
tuating, and rooted in the growing anthropogenic pressure on ecosys-
tems. When the balance in parasitic systems is disturbed, it is accompa-
nied by growing rates of usual infections and appearance of new genetic
variations of pathogens (Cable et al., 2017; Rogalski et al., 2017). This
remains an acute problem despite the progress with measures of patho-
gen control for plants and animals. Parasitic organisms have high repro-
ductive and adaptive potential and in high numbers can cause signifi-
cant damage to the health and productivity of animals.

These problems are especially acute against the backdrop of global
processes such as climate change and biodiversity reduction (Genchi et al.,
2009; Short et al., 2017). Parasites are one of the most important factors
regulating the dynamics of animal populations in nature. Among other
factors, they regulate animal abundance, frequently presenting a mechan-
ism of natural selection of suitable specimens and populations (Smyth,
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1994; Hubalek, 2003; Horwitz & Wilcox, 2005). However, the real me-
chanisms of the exogenous development of parasites, including O. equ,
are still largely unknown. We have found that embryogenesis of O. equi
in laboratory conditions occurred in four stages (morula, formation of
bean-like embryo, noninfectious larva (once bent) formation, and infec-
tious larva formation (with one-and-a-half bend). The stages were mor-
phometrically distinct. The oxyuris egg was elongated, with slight unila-
teral depression, thick eggshell and a unilateral egg plug. The eggs ob-
tained from female O. equi gonads had the following mean values of met-
ric parameters: length and width of egg — 81.8 and 40.5 um, length and
width of plug — 3.9 and 10.3 pm, egg shell thickness 2.0 um, area of inner
surface 2060 pm?’. The morula stage was characterized by presence of
dispersed heterogenous amorphous mass of greyish-white colour in eggs.
The stage of bean-like embryo was observed as formation of a more con-
densed embryo of aforementioned shape. Stage of non-infectious larva
formation was characterized by appearance of once bent larva in the egg.
At this stage, the larva had a noticeable lumen of the future intestine. The de-

velopment of an infectious larva was characterized by the formation of a
larger larva, bent one and a half times, in the egg. At this stage, the larvae
had a clearly seen bulb on the esophagus. A similar development of
O. equi was described in another study, where the authors did not distin-
guish clear developmental stages yet noted a similar larval formation in
the oxyuris egg (Skrjabin et al., 1967). According to them, the formation
of the O. equi egg begins in the initial part of the female’s ovary, where the
egg is first covered in shell. Such embryo is oval and consists of numerous
cleaving spheres. Later, the gastrulation occurs with the longitudinal blas-
tule invagination. The invagination narrows in the middle, acquiring an
elongated and somewhat bent shape. Further on, one end of the embryo
elongates and begins to curve around the opposite egg wall. The larva is
described as once bent when its pointed tail end reaches the opposite egg
tip. Subsequent larval development is associated with the tail end reaching
the egg tip where it began to curve, resulting in one and a half bend of an
infectious larva. According to other authors, egg development is as fol-
lows: morula, first, second, and third (infectious) stage larva (Lamann, 2010).
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Fig. 2. Metric parameters of Oxyuris equi eggs during embryogenesis: a — egg length, b — egg width, ¢ — egg plug length,
d — egg plug width, e — egg shell thickness (um), f— inner surface area (um?); A — morula stage, B — infectious egg stage;
** P <0.01, *** — P <0.001 compared to values of egg parameters at morula stage (n =20, x £ SD)

We also have observed the development of O. equi eggs to directly
depend on the temperature. They developed faster and survival in the
outer environment increased when the temperature of the culture was
higher. Thus, culturing O. equi eggs at 15 °C resulted in the longest
duration of development and lowest survival rate. The maximum num-
ber of infectious eggs was seen at the fifth day of culture with the sur-
vival rates of 67.3 & 3.5%. At 20 °C, the duration of egg O. equi deve-
lopment decreased to three days and the survival was higher, to 75.6 +
3.5%. The optimal temperature for exogenous development and survi-
val of oxyuris eggs was 25 °C. Then, the duration of development was
two days with 81.3 +2.5% survival.

The exogenous development of O. equi eggs in the outer environ-
ment is partially described in a number of reports. In several studies, the
embryonic development of oxyuris parasites of domestic horses is
thought to directly depend on the temperature and humidity of pasture
biotopes. At mean air temperature of 10.7 °C, the development occurs
in 14 days, compared to 10 days at 18.6 °C. It is also suggested that
summer is the most favourable season for O. equi egg development,
which occurred in two to three days at mean temperatures ranging 24.6—
29.3 °C. In autumn months, the eggs become infectious more slowly
with the decreasing temperature. At 20.6 °C, Oxyuris eggs mature in
four days, and at 16.0 °C they develop in six days. At 10.2 °C, the em-
bryonic development also occurs but not to the infectious stage (Arip-
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sheva et al., 2010). Interestingly, there are data on embryonic develop-
ment of oxyuris parasites of the inland bearded dragon (Pogona vitti-
ceps). 1t is found that Oxyuris thelandros eggs develop in 48 hours in
the feces of bearded dragons kept in a terrarium at 24-26 °C day time
and 19 °C at night-time temperature (which is temperature optimum for
the reptiles). The observed stages of development are blastomere clea-
vage and formation of infectious larvae (Stojanov & Bogach, 2018).

We also measured changes in the metric parameters of O. equi eggs
during embryogenesis. We proved that oxyuris eggs development is
associated with increasing length (by 3.1%, P <0.001), width (by 5.4%,
P < 0.001), and area of inner egg surface (by 7.4%, P < 0.001). The
length, width of egg plug and eggshell thickness decreased by 26.1%,
10.6%, and 18.4%, respectively (P <0.01 ... 0.001). To our knowledge,
these findings have not been reported before.

We support the conclusions of other studies (Wolf et al., 2014;
Nielsen & Reinemeyer, 2018) that the direct dependence of O. equi
embryogenesis on temperature regime is a result of the evolution of a
life cycle which involves most of the exogenous development taking
place on the host’s body (perianal area) with stable favourable tempera-
ture conditions.

Thus, the definitive hosts which have the mature parasites and their
developing exogenous stages effectively support the survival of nema-
todes and expand their range.

Biosyst. Divers., 2020, 28(2)



Conclusion

The exogenous development of eggs of Oxyuris equi (Schrank,
1781) which are specific parasites of horses is observed in laboratory
culture to directly depend on temperature. The warmer it is, the faster
the eggs develop and become infectious, and the survival of embryonic
stages is also higher. The duration of development is two days with
81.3+ 2.5% survival at 25 °C. At 20 and 15 °C, the embryogenesis
proceeds in three and five days, with 75.6 = 3.5% and 67.3 £ 3.5%
survival, respectively. The exogenous development of eggs obtained
from O. equi female gonads occurs in stages. We observed four stages
of embryogenesis: morula, formation of bean-like embryo, formation of
non-infectious and infectious larvae. The duration of these stages de-
pends on temperature and is 24-48 hours for morulae, 24-84 hours for
bean-like embryos, 36-108 hours for noninfectious larvae and 48—
120 hours for infectious larvae. The stages have distinctly different mor-
phological and metric parameters. Formation of eggs containing infec-
tious larvae of O. equi is associated with increasing length, width and
inner surface area of eggs, and decreasing eggshell thickness and length
and width of the unilateral egg plug. The presented results on the biolo-
gical specifics of parasitic nematodes are important both academically
and to develop control measures against that pathogen.
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