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Trichostrongylus tenuis Mehlin, 1846 is a helminth species that parasitizes in the gastrointestinal tract of birds and causes tricho-
strongylosis. Research on the differential features of the pathogen at various stages of development facilitates timely finding the foci
of infection and providing recommendations for prevention and control. In the present study, the differential species traits of male and
female Trichostrongylus nematodes parasitizing in the domestic goose were examined. The nematodes were obtained in helmintho-
logical dissection of the intestine of birds kept at farms and private households in Poltava region, Ukraine. It was revealed that the
morphological features of T. tenuis females that should be considered in species identification include the structural specifics of the
reproductive system and the tail end. 22 metric parameters were suggested for species identification, including the female body meas-
urements for different parts, specifics of vulva and anus location, sizes of the ovijector, sphincter, ejector and vulval area. Differences
were found in the metric parameters of the lateral crests of the cuticle in female nematodes in relation to the position of crests on the
parasite’s bodies. The cuticular crests were absent at 0.1 mm from the head and tail ends, and the length of crests was 9.3 mm in total.
The longest and widest crests were observed in the middle of the body, the shortest were found in the anus area, and the narrowest
crests were from the anterior part of esophagus to its middle. The distance between crests varied 0.2-3.0 pm, the longest at the transi-
tion of esophagus into the intestine and the shortest in area between the vulva and the anus. The metric parameters of T. tenuis eggs
obtained from bird feces and in the nematode uterus differed significantly by 5 characters. The collected data on the morphological
and metric parameters of females and eggs of T. tenuis can be used in species identification and understanding of the taxonomic

position of that species.
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Introduction

Parasitism is one of the life forms that present multifaceted biological
phenomena. The parasitic organisms are an integral part of natural bio-
coenoses. They also are one of the factors forming biological diversity.
Thirdly, they ensure the circulation of matter and energy flows at the level
of the parasitic systems (Ewald, 1995; Zelmer, 1998; Araljo et al., 2003).
This determines the importance of a scientific and theoretical parasitologi-
cal study, based on species identification, the study of life cycles, popula-
tion dynamics and geographical distribution. However, the relevance of
the study of parasites is associated, first of all, with the pathogenic signifi-
cance that they may have for domestic animals (Boyko & Brygadyrenko,
2016, 2019). Indeed, certain parasitic species, including the causative
agent of trichostrongylosis, can cause significant damage to the poultry
industry (Davidson et al., 1991; Enigk & Dey-Hazra, 1971). This infection
causes a delay in the growth and development of young animals, negative-
ly affects the productivity, product quality and functional activity of birds’
immune systems, reducing the natural reactivity of their bodies, often to
the point of death of birds (Cram & Cuvillier, 1934; Hudson, 1986; Shaw
& Moass, 1990).

The avian parasite, Trichostrongylus tenuis Mehlin, 1846, according
to the taxonomic position belongs to the type Nematoda, class Secernen-
tea, order Strongylida, superfamily Trichostrongyloidea (Cram, 1927),
family Trichostrongylidae (Leiper, 1912), genus Trichostrongylus (Loos,
1905). Trichostrongyloidea is a nematode group, widespread everywhere
and parasitic at imago stage in various organs of amphibians, reptiles,
birds and mammals including humans. Among the nematodes of verte-
brate parasites, the superfamily Trichostrongyloidea is one of the richest

groups in terms of the number of species and genera (Durette-Desset,
1985; Giannetto, 2006; Souza et al., 2013; Andrade et al., 2018). The ne-
matodes of this group descend from the free-living ancestors of the mo-
dem rhabditids which still exist today. Trichostrongylids have retained
many features in common with their ancestors, related to both morpholo-
gical and ecological characters. The latter include the feature that Tricho-
strongyloidea still have a partially free-living lifestyle and some of their
life cycle and metamorphoses occur outside the host’s organism, namely
in the external environment (Connan & Wise, 1993; Sudhaus & Fitch,
2001; O’connor et al., 2006).

The causative agent of trichostrongylosis, T. tenuis is localized in the
cecum of birds, less often in the small intestine. The infection has a signifi-
cant distribution and is recorded in Kenya, Nigeria, Mexico, Austria,
Germany, Britain, Bulgaria, Estonia, Iceland, the Italian mainland, Kali-
ningrad region, Latvia, Lithuania, the Norwegian mainland, Poland, the
Portuguese mainland, the Spanish mainland, Netherlands, Ukraine
(Irungu et al., 2004; Woog et al., 2011; Wascher et al., 2012; De Jong et
al., 2014; Afolabi et al., 2016; Cervantes-Rivera et al., 2016). The repre-
sentatives of the family Trichostrongylidae are often found in domestic
and wild birds. Epomidiostomum crami was recorded in Chen caer-
ulescens caerulescens (prevalence, 92%; mean intensity, 18.7 + 13.3
specimens) (Tuggle & Crites, 1984). The same parasite was found in
Anser albifroms (66.7%; 4.83 + 7.5 specimens), Anser fabalis (100%; 3),
Cygnus cygnus (13.3%; 2.83 + 2.79), C. columbianus (16.7%; 35 + 3.0)
(‘Yoshino et al., 2009). In ostrich (Struthio camelus), Libyostrongylus spp.
are common: the prevalence can be as high as 100%, and the infection
rates are up to 8608 eggs (Mukaratirna et al., 2004; Bonadiman et al.,
2006; Pesenti et al., 2015). Therefore, a comprehensive study of parasitic
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nematodes of this species is not only of general biological interest, but also
of great practical importance in planning and carrying out measures to
combat and prevent infection.

Most of the criteria used in the classification of Trichostrongyloidea,
and in particular in the identification of T. tenuis, are morphological.
The main morphological diagnastics is carried out for male nematodes,
since they have a greater number of structures in the reproductive appa-
ratus. The structure of the caudal bursa, the features of the interposition of
its rays, the structure of the genital cone, the shape and size of the spicules,
the presence or absence of a gubernaculum are taken into account. Atten-
tion is also paid to the general morphology of the nematode body, namely:
the presence or absence of mouth capsule and the nature of its omamenta-
tion, the presence of a vesicle and papillae at the head end and chitinous
ornamentation of the cuticle (Gibbons & Khalil, 1982; Durette-Desset,
1992; Durette-Desset et al., 1993). At the same time, the morphology of
T. tenuis has been described in separate works, which do not fully contain
information on the taxonomic characters of Trichostrongylus (Ryzhikov,
1967; Atkinson et al., 2008). This, in turn, complicates their differential
diagnosis and requires additional study of the morphology of T. tenuis at
various stages of development.

When classifying Trichostrongyloidea genera and species, attention is
now paid principally to the structure of the system of cuticular crests,
which are a character of a rather high taxonomic value. Individual crests
can be more developed than others to the point of forming lateral wings
(Hoberg, 1996; Lichtenfels et al., 1996; Lichtenfels & Pilitt, 2000). It is
generally accepted that these characters are reliable and very promising in
solving the problems of differential diagnosis of species and genera, im-
proving the system of the superfamily Trichostrongyloidea.

The aim of present study is to research the differential morphometric
species characters of the mature females and eggs of T. tenuis nematodes,
parasitizing in domestic goose.

Materials and methods

The studies were carried out at the laboratory of the Department of
Parasitology and Veterinary-Sanitary Examination of the Faculty of Vet-
erinary Medicine of the Poltava State Agrarian Academy in 2018-2020.
The nematodes were collected during helminthological investigation of
the intestine of 287 domestic geese (Anser anser dom.) (Skrjabyn, 1928)
on farms in Poltava region (Ukraine). The nematode species was identi-
fied by Skriabyn et al. (1954). In total 302 adult female T. tenuis nema-
todes were collected. The prevalence of infection was 31.7% according to
the results of helminthological dissection. 2,271 specimens of domestic
goose were studied using coproovoscopy, and the prevalence of infection
was 22.9%. In Poltava region, T. tenuis infection in domestic goose was in
the range 17.2-26.7%. Notably, the prevalence of infection was higher in
geese kept in private farm plots and households (24.4%) compared to that
in geese reared in specialized bird farms (16.1%) (Yevstafieva &
Starodub, 2020). The morphological and metric parameters of T. tenuis
eggs were examined after collection from the feces of infected geese and
directly in the uterus of female nematodes. The studied characters includ-
ed the shape, surface of the shell, length, width of egg, eggshell thickness,
as well as the areas of the inner and outer surface of egg.

The morphometric parameters of T. tenuis eggs and nematodes were
studied using ImageJ for Windows® software (version 2.00) in interactive
mode using a x10, x40, x100 objective and a x10 photo eyepiece. To cali-
brate the image analyzer, the ruled scale of a ocular micrometer was cali-
brated with the scale of stage micrometer included in a MikroMed micro-
scope kit. Microphotography was performed using a digital camera atta-
ched to a MikroMed 5 Mpix microscope (China).

Standard deviation (SD) and average values (x) were calculated. Sig-
nificance of difference between average values in the studied T. tenuis
eggs was established using one-way analysis of variance and F-test for
95% confidence level.

Results

The morphological study of adult T. tenuis females revealled the fol-
lowing species traits. The nematodes are small, thin, filiform, somewhat

translucent. Length of the roundworm body was 9.5 + 0.9 mm, slightly
tapered to head and tail ends. This is confirmed by metric parameters with
width of body being 13.6 um at mouth opening, 69.7 pm at the middle of
body, and 26.4 um at the anus area (Table 1).

Table 1
Morphometric parameters of @ Trichostrongylus tenuis (n = 10)

Characters x+SD Min—max
Length of body, mm 95+09 82-111
Length of esophagus, mm 1301 12-14
Distance from head end to the excretory pore, pm 1238+56 11141321
Length of body covered by lateral cuticular crests, mm 93109 80-108
Distance from head end to lateral cuticular crests, mm  0.14+001  0.13-0.15
Distance from tail end to lateral cuticular crests, um 659+45  602-71.1
Distance from anusto tail end, um 890+65 80.3-1016
Distance from vulva to tail end, mm 14+02 10-18
Width of body at, pum:
—mouth opening 136106  122-142
—excretory pore 239+21 219270
—beginning of cuticular striation 256+17 235282
—the middle part of esophagus 293+09 281311
—transition of esophagus to intestine 422422 402461
—the middle of body 69.7+07  688-710
—wulva 76917 734-789
—anal opening 26411 241-276
Length of slit-like opening of vulva, um 580+34 523643
Length of ovijector, um 3395+152 3144-362.1
Length of sphincter, um 457+21 411491
Width of sphincter, um 5565+21 521581
Length of ejector, um 1239+84 109.8-136.5
Width of ejector, pm 603+27 559-65.1

Mouth organs were weakly developed, and the mouth opening was
surrounded by three inconspicuous lips. The lips were slightly depressed in
the middle. The oral capsule, neck papillae and other cuticular formations
were absent at head end. The esophagus was thin and elongated (Fig. 1).

Fig. 1. Head end of © Trichostrongylus tenuis: Es — esophagus, L —lips

Additional differential morphological characters of T. tenuis females
were found in the present study, including vulva structure, specifics of the
copulatory apparatus and tail end. 22 metric parameters are also suggested
for use in the species identification of females (Table 1). Thus, the copula-
tory apparatus of females included wulva, paired ovijector and uterus
(Fig. 2a). The vulva had a slit-like opening without protrusions, 58.0 pm in
length. It is located in the posterior body part, as confirmed by metric para-
meters, at 1.4 mm to tail end. The ovijector was well-developed, 339.5 um
long and consisted of a funnel linked to the uterus and preceding the mus-
cle sphincter and the distally located ejector (Fig. 2a). The sphincter was
round-oval in shape (45.7 x 55.5 pm), and the ejector was elongated
(123.9 x 60.3 pm). The bends of the uterus diverged in opposite directions
and were filled with eggs.

Tail end of female nematodes was cone-shaped and ended with a
small, digitate process. The anus was well-developed (Fig. 2 b) and loca-
ted at 89.0 pm to the tail end.
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a b
Fig. 2. Morphological features of @ Trichostrongylus tenuis: a — copulatory apparatus, b—tail end; Va—vulva area;
O — paired ovijector; Sp—sphincter, U —uterus, Ej—ejector, E—eggs, An—anus, Dp—digitate process
(Fig. 3). Thus, in females the lateral crests began and ended at 0.1 mm

from head and tail ends (Table 1). The crest’s height and width at that
body area were 1.3+0.1 and 1.1+0.03 um, respectively (Fig. 4a, b).
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In the middle of the esophagus, the crests became gradually elongated
by 40.9% to 2.2 £ 0.02 pm and slightly narrower, by 20.7% to 1.0 +
0.04 pm. At the transition of the esophagus to intestine, the lateral cuticular
crests became shorter, by 28.6% compared to the former parameters to
1.5+ 0.05 pm, and wider, by 66.0%, to 3.0 = 0.03 um. In the middle of
the nematode body, the height and widith of crests were maximal (3.4 +
0.13 and 5.1 = 0.08 pm respectively), higher by 54.0% and 40.5% than
the abovementioned values. Nearer to the tail end of female roundworm,
the crests gradually became smaller. In the wvulva area, the height and
width of crests were respectively 1.1 +0.04 and 4.0+ 0.06 um (by 66.6%
and 20.5% compared to the abovementioned values). In the anus area, the
crests were shorter and narrower by 14.9% and 32.5% than the other
noted values (0.9+0.10 and 2.7+ 0.14 pm).

The distance between crests was measured and the position of crests
to each other was shown to vary in different areas of female T. tenuis
bodies in a certain way (Fig. 4c). At the head end, the crests were located
at a distance of 1.7 + 0.03 um between each other. At the middle part of
the esophagus, this distance slightly increased by 19.3% (to 21 +
0.03 um). At the transition of the esophagus to the intestine, the distance
between crests was maximal, to 3.0 = 0.04 pm (larger by 30.7% com-
pared to the abovementioned value). Nearer to the tail end, the distance
between crests gradually decreased. In the middle of the body that distance
decreased by 71.5% (to 0.8 = 0.05 pm), in the vulva area by 50.5% (to 0.4 +
0.05 um). The minimal distance between crests was in the anus area, 0.2 +
0.04 um (smaller by 48.8% compared to the distance in the vulva area).

T. tenuis eggs had an outer structure characteristic for nematodes of
the order Strongylida: oval, with thin, smooth, well-developed eggshell.
The colour varied from light grey to light brown. The eggs in the nema-
tode uterus and bird feces contained embryos at the stage of cleaving (Fig. 5).

50 um

Fig. 5. Eggs of Trichostrongylus tenuis nematodes:
a —obtained from feces of infected birds, b —in uterus of parasite females

A significant difference was found in comparison of the eggs obtai-
ned from the feces of sick geese and the eggs located in the uterus of fe-
male nematodes (Table 2). The eggs in the uterus of female nematodes
were longer (by 3.4%, P <0.001) and narrower (by 4.6%, P <0.01) com-
pared to eggs obtained from feces of birds. At the same time, the eggshell
of eggs obtained from the feces was thicker by 17.6% (P < 0.001) com-
pared to eggs in the nematode uterus. Accordingly, the area of inner sur-
face of the eggs in the nematode uterus was larger by 3.7%, P <0.001, and

the area of their outer surface was smaller by 2.8%, P <0.01 compared to
the corresponding parameters of eggs obtained from bird feces.

Table 2
Metric parameters of eggs of Trichostrongylus tenuis (n = 10)

Characters x+SD Min-Max
Todl krghofeggum B darsosre G4
Widhofegg un B aislme 35304
- B
Area of inner eggshell surface, pm? El]ﬂ ig;g i 2;** igﬁ:gé%
Area of outer eggshell surface, pm? El]ﬂ ggg igg** gggggg

Note: Eu — eggs in the uterus of female nematode, Ef — eggs obtained from feces of
infected geese; **— P <0.01; ***— P <0.001 — compared to values of Eu.

The obtained data can be used in species identification of T. tenuis ne-
matodes by females and eggs, taking the sampled substrate into account.

Discussion

The nematodes, similarly to insects, are one of the most numerous
and widely spread groups of multicellular organisms that have mastered a
huge range of habitats and are at the stage of rapid biological progress,
many of which lead a parasitic lifestyle. The reason for this lies in the
peculiarities of their morphology and biology among other things. This is
also the basis for the taxonomic characterization of parasites (Kennedy &
Harnett, 2013; Carlson et al., 2017). Therefore, the study of the morpho-
logical features of parasitic nematodes, the expansion and revision of
already existing data are an urgent area of research.

We have conducted a morphometric analysis of adult and embryonic
stages of development of Trichostrongylus tenuis Mehlin, 1846 nema-
todes which parasitize in birds. Most of the studies indicate that the species
differentiation of nematodes of the order Strongylida is most effective on
the basis of the morphological specifics of males. Their tail end is equip-
ped with a characteristic caudal cuticular bursa, the species features of
which are described in detail in a number of works. The structure of spic-
ules, gubernaculum and other reproductive structures is also taken into
account (Cram & Wehr, 1934; Jacquiet et al., 1997). Thus, the ratio of the
distance between individual rays of the genital bursa in male T. tenuis is a
differential species parameter. Moreover, this feature can vary depending
on the type of host in which the Trichostrongylus roundworms parasitize.
The ratio of the distance between third and fourth and second and third
rays of the caudal bursa is 1:2.7 (in the range of 1:2.2 — 1:3.5) in T. tenuis
isolated from the red grouse (Lagopus scoticus), 1:3.1 (in the range of
1:2.3 — 1:3.8) in roundworms obtained from the grey partridge (Perdix
perdix) and 1:2.9 (in the range of 1:2.2 — 1:3.9) in those collected from the
common peacock (Pavo cristatus) (Durette-Desset et al., 1993). However,
it is not always possible to identify male nematodes, hence the necessity to
differentiate the females or eggs of parasites.

It was shown that the morphology of T. tenuis females has a similar
structure as in other strongylids. The mouth opening is surrounded by
three weakly expressed lips, there are no oral capsule or other specific
formations at the head end. Therefore, we suggest taking into account
22 morphometric parameters that characterize the size of the esophagus
and body in its various parts (10 parameters), the location of the anus and
excretory pore (2 parameters), the size of the ovijector, sphincter, ejector,
wulva and its location on the body of the parasite (7 parameters). Scientific
works have already pointed to the copulatory apparatus of females, since
its morphological and metric parameters are of great importance in species
identification (Ederli & Oliveira, 2014; Sukee et al., 2018). According to
the data of Skriabyn et al. (1954), it was proposed to take into account
7 parameters that characterize the total length, width at the vulva area, the
location of the nerve ring, vulva, and anus, the size of the vulva slit, as well
as the ovijector in the metric identification of T. tenuis females. And
Ryzhikov (1967) suggests using only three of metric parameters, which
also characterize the total length of body, its width in the vulva area and
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the location of the vulva. Other taxonomic features proposed to be used in
the identification of Trichostrongyloidea are the specifics of the morpho-
logical structure and location of the lateral cuticular crests (wings, out-
growths) on the body of the parasite. Based on these features, keys have
been proposed that increase the efficiency of differentiation of this group
of nematodes (Lee, 1965; Hoberg & Lichtenfels, 1994; Lichtenfels et al.,
1996; Yevstafieva et al., 2019). Studies have shown that the lateral cuticu-
lar crests on the entire body in T. tenuis females have different sizes in
terms of height, width, and location relative to each other. Thus, lateral
crests appear and end at a distance of 0.1 mm from the head and tail ends,
respectively; their total length is 9.3 mm. The height and width of the
crests gradually increase from the head end to the middle of the body,
where they reach their maximum values. Towards the tail end, the crests
gradually become shorter and narrower. When studying the location of
crests relative to each other, it can be noted that the distance between crests
increases in the direction from the head end to the tail, and the crests are
rarest in the area of transition of esophagus to the intestine. From the mid-
dle of the body posteriorly, the distance between crests decreases sharply,
almost 4 times, and they are located most densely in the anus area. Studies
by other authors have shown that the lateral wings on the anterior part of
the body of T. tenuis nematode are flattened, and closer to the posterior
part of the body they become larger and change from a morphological
point of view. The authors found that the morphology of lateral wings
varies in the shapes of crests, hooks and spines. In their opinion, such
sharp differences in the structure of cuticular processes characterize the
adaptation of the parasite to fixation in the thick mucous membrane of the
bird’s intestine (Rzayev et al., 2020).

We also propose to identify T. tenuis by eggs isolated from various
substrates. Notably, there are significant differences by 5 parameters
(length and width of egg, eggshell thickness, and area of the outer and
inner egg surfaces). Thus, the eggs located in the uterine cavity of the
female nematode turned out to be longer (P < 0.001), narrower (P < 0.01),
and with a thinner shell (P < 0.001) as compared to the eggs isolated from
the bird feces. At the same time, area of the inner surface was larger (P <
0.001) in the eggs located in the uterine cavity, and the outer surface area
was smaller (P < 0.01) in comparison with the analogous parameters in
eggs obtained from the bird feces. We did not find such comparative data
of the morphometric parameters of T. tenuis eggs depending on the meth-
od of isolation in the previous publications.

The obtained data on the morphological and metric parameters of fe-
males and eggs of T. tenuis nematodes can be used in species identifica-
tion and clarifying the taxonomic position of this species.

Conclusion

The parasitic female nematodes of the species Trichostrongylus tenu-
is Mehlin, 1846, isolated from domestic goose, have a morphological
structure characteristic of helminths of the superfamily Trichostrongyloi-
dea. Typical species characters include features in the structure of the
copulatory apparatus and tail end. To facilitate the differentiation of
T. tenuis females, it is proposed to use additional morphometric parame-
ters, 10 of which characterize the size of the esophagus and body at vari-
ous areas, 2 characterize the location of the anus and excretory pores, and
7 features describe the size of the ovijector, sphincter, ejector, vulva and its
location on the parasite’s body. The specifics of location and metric pa-
rameters of the lateral cuticular crests at bodies of T. tenuis females can be
used for their identification. Three parameters were identified that charac-
terize the location of the crests, namely: the distance from the head and tail
ends to crests, the total length of the nematode body bearing crests. It is
proposed to take into account the height and width of the lateral crests, and
the distance between them in 6 different parts of body (head end, the mid-
dle of esophagus, the transition of the esophagus to the intestine, the mid-
dle of the body, and areas of wulva and anus). The highest and widest
crests are observed at the middle part of body, the shortest crests are near
the anus, and the narrowest crests are at the anterior part of the parasite’s
body. The distance between crests reaches its maximum in the area of
transition of the esophagus to the intestine, and the parameter is reduced
towards the caudal end. It was found that T. tenuis eggs have 5 differential
morphometric parameters, which differ significantly in eggs isolated from

the feces of infected birds and those located in the uterine cavity of female
roundworms.
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