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the central region of Ukraine. Differential morphometric characters are determined for adult males and females of
C. obsignata. The species-specific variability of its morphological parameters is characterized. New data is received on
the meristic characters of C. obsignata eggs extracted from different substrates. The stages of embryonic development
are determined in laboratory cultures of these nematodes, taking into account their meristic and morphological changes.
Capillaria obsignata parasites are very common at the poultry farms of Poltava and Kyiv regions of Ukraine. Their
abundance index is 3.4, and the intensity of infection varies from 3 to 317 specimens. Differential morphometric
species-specific characters of adult C. obsignata males are the shape and size of the pseudobursa, spicule, spicule
sheath. Adult females of the species can be identified by the shape and size of the vulva, the distance from the
esophagus end to the vulva, and the length of the vagina. The meristic characters of nematode eggs, though typical for
the species, may change depending on the sampled substrate. The parasite’s embryonic development involves five
morphologically and meristically different stages. The invasive larvae of this species developed in the eggs before the
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Introduction

Parasitic nematodes are one of the most numerous and wide-
spread groups of parasitic worms. The suborder Trichurata Skijabin
et Schulz, 1928 is an especially prominent group of parasitic
roundworms, including capillariid nematodes (Capillariidae Neveu-
Lemaire, 1936). The taxonomy and taxonomy of capillariids are
contentious. Different capillariid species parasitize humans, mon-
keys, wild and domestic carnivores, rodents, fish, reptiles, rumi-
nants, and wild and domestic poultry. The results of morphological
studies are of great importance in the consideration of systematics,
developmental biology and phylogeny of capillariids (Petrochenko
and Kotelnikov, 1976; Lomakin and Romashov, 1987; Moravec
etal., 1994; Timi et al., 2006; Moravec and Muzzall, 2009).

The wide distribution of Capillaria obsignata Madsen, 1945
which parasitizes both poultry (Gallus gallus dom., Meleagris
gallopavo) and wild birds (Columba livia, Zenaidura carolinensis,
Perdix perdix, Phasianus colchicus, Sturnus vulgaris) in areas with
varying climatic conditions is confirmed in numerous studies
(Wakelin, 1965, 1966; Park and Shin, 2010; Girler et al., 2012;
Pasechnik, 2013).

This adaptation to parasitizing different avian species in various
geoclimatic regions, and its prevalence over other capillariid species
are sustained by this roundworm’s life cycle. It does not require an
intermediate host, allowing fast distribution and adaptation of
C. obsignata, especially among chickens. This species was found at
poultry farms in Africa (Mukaratirwa et al., 2001; Mukaratirwa and
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12th day of culturing in laboratory conditions at 25 °C. The invasive larvae’s viability was 90.3 + 1.5%.

Keywords: chicken; abundance index; adult roundworm; nematode eggs; differential characters

Khumalo, 2010), Vietnam (Schou et al., 2007), Morocco (Hassouni
and Belghyti, 2006), Germany (Kaufmann et al., 2011), and USA
(Yazwinski et al., 2013). The ratio of infected chickens ranged from
0.3% to 75.3%, and the intensity of infection was up to 1280 ne-
matodes.

Many researchers point out the morphological taxonomic
characters of C. obsignata and other avian capillariid species, such
as: posterior end of male, spicule, ornamentation of spicule sheath,
the shape and number of stichocytes (large glandular cells along the
posterior part of the esophagus), and the shape and size of eggs, and
the vulva area in females (Paramonov, 1957; Gagarin, 1971; Tan-
veer et al., 2013). Lately it has been proposed to consider capillariid
morphometry characteristics, since several species are difficult to
identify because of their morphological similarity both in males and
females. The reviewed characters are the length and width of body,
the anterior to posterior body portions length ratio, in males — the
length and width of spicule and in females the distance between the
esophagus end and the vulva, body width at the vulva area, and the
distance between the anus and posterior end (Kajerova and Barus,
2005; D’avila et al., 2012, 2017). Also, studies indicate that the
shape, size and the ornamentation of the egg’s outer surface are
species-specific characters for the family Capillariidae. They are
divided by the shape into three major groups: elongated (oblong,
cylindrical), oval (rounder, barrel-shaped), and round (lemon-
shaped) (Nasirov, 1981; Romashov, 1985).

There is still a lot of confusion regarding the systematic placing
and the species composition of avian capillariasis pathogens. For
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example, Capillaria obsignata is also referred to as Baruscapillaria
columbae, Baruscapillaria obsignata, and Capillaria columbae
(Levine, 1938; Wehr, 1939; Tamaru et al., 2015).

Lacking a system of well-defined diagnostic tests based on
evaluation of qualitative and quantitative morphological characters,
it is quite difficult to identify capillariid species. In Ukraine, the
prevalence of C. obsignata in poultry has been studied but
irregularly, and the worm’s morphometric characteristics of adult
and embryonic stages are insufficiently reviewed.

The purpose of this article was to find out the prevalence of
Capillaria obsignata (Madsen, 1945) in chickens (Gallus gallus
dom.) in the central region of Ukraine, and also to determine the
differential taxonomic characters of adult and embryonic stages of
this species, taking into account their biology.

Materials and methods

The studies were conducted in 2015-2017 at the Laboratory of
Parasitology and Veterinary-Sanitary Expertise of the Department
of Veterinary Medicine of Poltava State Agrarian Academy, and in
the 1. 1. Schmalhausen Institute of Zoology, National Academy of
Sciences of Ukraine. The population structure of C. obsignata was
studied in poultry farms of Poltava and Kyiv regions. The main
indicators were the abundance index and the intensity of infection
(Ripolovskyj and Yuskiv, 2010). Helminthes were collected during
the complete helminthological dissection of the digestive tract
(mouth, crop, esophagus, small intestine and colon) of dead or
killed chickens (Skrjabin, 1928). The roundworms were identified
according to (Skrjabin, 1957). In total, 1,434 adult specimens of
C. obsignata nematodes were studied, 1,273 of them female and
161 male.

To study the morphological and meristic parameters of the
roundworms’ eggs, they were extracted from various substrates: the
female nematode gonads (Eg) and the feces of infected chickens
(Ef). The studied characters were the shape, surface, length and
width of eggs, egg plug length and width, eggshell thickness, and
the areas of the outer and inner egg surfaces.

The embryogenesis of C. obsignata was studied in eggs extrac-
ted from the feces of infected chickens and cultured to the invasive
stage in a thermostat at 25 °C for 10 to 12 days. Every two days the
culture was examined under a microscope. The experiments were
conducted in triplicate.

Morphometric parameters of embryonic and adult stages of
C. obsignata were analyzed using ImageJ for Windows® (version
2.00) in interactive mode using x10 and x40 objective, and x10
photo eyepiece. To calibrate the image analyzer, the ruled scale of
an ocular micrometer was calibrated with the scale of stage micro-
meter included in MikroMed microscope kit. Microphotography
was performed using a 5 Mpix digital camera of MikroMed (China)
microscope. The material and significance levels were analyzed
using standard methods of statistical processing. All the data are
reported as the sample mean + the standard deviation (SD) (Lapach
etal., 2001).

Results

It was established that C. obsignata nematodes are quite com-
mon in the central region of Ukraine. The dissection of 425 chic-
kens resulted in 1,434 specimens of C. obsignata roundworms, and
the intensity of infection ranged from 3 to 317 specimens. The ave-
rage abundance index of this parasite was 3.4. The females were
found much more often (1,237) than males (161), the corresponding
ratio is 7.9 to 1.0. It was also determined that 3.5% of the studied
chickens had only female roundworms, supporting the need for
identification characters for female nematodes.

It is found that C. obsignata nematodes have several distingui-
shing morphological parameters which facilitate the species identi-
fication. Thus, the capillariid body is filiform both in males and in
females, barely visible to the naked eye, translucent, without any
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distinctive visual signs. This study confirmed the sexual dimor-
phism in this species (Table 1). The female Capillaria is on average
14.75 + 0.82 mm, 23.7% longer than the male (11.25 + 0.63 mm).
The females are also wider by 10.2—17.2% than males. The micro-
scopy study revealed no distinctive morphologic characters of the
anterior end in males and females (Fig. 1).

In males, the posterior end structure in the area of the sexual
bursa is the typical morphological character of the species. In C. ob-
signata it is weakly developed as a pseudobursa. The pseudobursa
is not large (25.45 + 1.54 um in length, 35.54 + 1.42 pm in width),
transparent and not lobed, and on each side it has a wide rounded
ray, which slightly narrows at the base (Fig. 2a). The distance
between rays is 13.57 + 0.74 um. A mature C. obsignata male has
only one spicule, thin and long (1.62 £ 0.07 mm) with thin rounded
distal end (5.67 = 0.39 um) (Fig. 3a), which is 3.8 times thinner
than the proximal end (21.45 + 1,72 pum). The latter has a funnel-
shaped, 27.15 £ 0.34 pum long dilatation (Fig. 3b). The spicule is
covered by a thin sheath, transversely striated and lacking spikes
(Fig. 2b). The average length of the spicule sheath is 2.80 + 0.41 mm.
It is 1.4 times wider at the proximal end (23.24 + 1.20 um) than at
the distal end (16.89 + 0.40 um).

Fig. 2. Posterior end of & Capillaria obsignata: a — pseudobursa
with rays, b — spicule sheath (spicule is extruded)
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A mature C. obsignata female has such species-specific mor- protrusion in the shape of a genital or vulval lip. The latter is quite
phological characters as vulval area structure and meristic indexes  unstable in size: its length varies from 22.9 to 29.7 um, and its
of body in the area of sexual organs. The vulva is a slit with cuticle height from 2.0 to 7.2 um (Fig. 4).

Table 1
Morphometric parameters of adult Capillaria obsignata roundworms (n = 10)

4 ?
Characters M+SD min — max M+SD min — max

Body length, mm 11.25+0.63 10.5-125 14.75+0.82 13.5-16.0
Body width at:

—anterior end, pm 847 +0.56 7494 9.43+0.53 8.3-10.2

—esophagus end, pm 47.27+1.94 44.1-49.6 57.09+2.65 52.1-61.3

— posterior end, pm 38.48+1.78 35,2413 - -

—vulva, um - - 55.26 +£2.70 50.7-59.1

—anus, pm - - 3459+1.90 31.9-37.3
Distance from esophagus end to vulva, pm - - 82.65+4.63 76.6-91.3
Length of cuticle protrusion in the vulva area, pm - - 27.39+241 22.9-29.7
Height of cuticle protrusion in the vulva area, um - - 446+1.77 2.0-7.2
Length of vagina, pm - - 173.66 £9.81 160.7-185.6
Length of spicule, mm 1.62+0.07 15-17 - -
Length of funnel-shaped dilatation of spicule, pm 27.15+1.06 25.7-28.9 - -
Width of spicule at:

— proximal end, pm 2145+1,72 18.7-24.0 - -

— after dilatation, pm 11.73+0,94 10.3-13.2 - -

—in the middle, um 8.93+0.57 8.2-9.7 - -

—distal end, um 5.67+0.39 51-6.2 - -
Length of spicule sheath, mm 2.80+041 2.2-36 - -
Width of proximal end of spicule sheath, um 2324+120 21.1-245 - -
Width of distal end of spicule sheath, um 16.89+0.40 16.0-17.5 - -
Length of pseudobursa, pm 2545+154 23.6-28.1 - -
Width of pseudobursa, pm 3554+1.42 33.1-375 - -
Width of pseudobursal base, um 33.70+207 30.2-375 - -
Distance between pseudobursal rays, um 1357+0.74 12.3-14.8 - -
Note: “~* — parameters were not defined.

b

Fig. 4. Vulval area of @ Capillaria obsignata: the variability of cuticle lip size

The differential character is the distance between the esophagus The outer structure of C. obsignata eggs is typical for Capilla-
end and the vulva, which is 82.65 + 4.63 pm on average. The vulva riidae: barrel-shaped, with egg plugs on both ends, of various brown
is located behind the junction of the esophagus with the intestine. shades. The egg has a thick transparent eggshell and is not mature
The vagina has a well developed muscular wall and is 173.66 + (Fig. 5). Comparison of C. obsignata eggs extracted from different
9.81 um long. The uterus is filled with eggs. The tail end of the  substrates reveals a significant difference by all considered morpho-
female is blunt, the anus is subterminal, the body width in thisarea ~ metric parameters (Table 2).
is 34.59 +1.90 um.

356 Biosyst. Divers., 25(4)



b

Fig. 5. The eggs of Capillaria obsignata extracted
from different substrates: a — from female nematode gonads,
b — from feces of infected chickens

Table 2
Meristic parameters of Capillaria obsignata,
eggs extracted from different substrates (n = 10)

Indicators min max M+ SD
Eg 50.5 56.2 53.1+2.1

Towlegglength,um — g¢ 601 746 §5.3 £ 5.1
Length of egg without Eg 453 49.6 472+13
the egg plugs, um Ef 58.3 70.1 63.0 + 4.4***
Egg width, um Eg 23.9 27.0 256+1.1

' Ef 245 32.4 28.4 + 2.4**

. Eg 2.1 29 2.39+0.28
Eggshell thickness, pum Ef 29 26 392 % 0.26%**
Inner surface area Eg 6319 687.4 661 + 16
of the egg, um? Ef 7824 8473 811 + 19***
Outer surface area Eg 6420 691.1 666 + 14
of the egg, um? Ef 7857 855.1 819 + 19***

Note: Eg — Capillaria eggs extracted from female nematode gonads,
Ef — Capillaria eggs extracted from feces of infected chickens; ** — P <
0.01; *** — P <0.001 — compared to the Eg parameter values.

Hence, nematode eggs from the feces of infected chickens are
longer by 18.7-25.1% (P < 0.001) than the eggs extracted from
female nematode gonads if either the total egg length or egg length
without the egg plugs are analyzed. Simultaneously, the eggs from
chicken feces are wider by 10.1% (P < 0.01), and the eggshell
thicker by 25.8% (P < 0.001) compared to eggs from nematode
gonads. Also, the surface areas of C. obsignata eggs are very differ-
rent. The eggs from chicken feces have larger outer and inner
surface areas, by 18.5% and 18.6% respectively (P < 0.001) than
the eggs from nematode gonads.

It is established that the embryogenesis of C. obsignata at 25 °C
in the laboratory culture occurs in 12 days and can be divided in
five provisory stages: zygote (Fig. 6a), morula or embryo cleavage
(Fig. 6b), bean-like embryo (Fig. 6c), tadpole embryo (Fig. 6d),
invasive egg (larva, Fig. 6e). The viability of C. obsignata eggs is
quite high during the embryogenesis (90.3 + 1.5%, Table 3).

At the beginning, 100% of Capillaria egg culture was at the
zygote stage. From the second to the fourth days of culture, the eggs
started to change with the cleavage of the embryo and the formation
of morula. Thus on day 2, 11.3% eggs were cleaving, on the 4th
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day the cleaving embryos reached 66.3% of all. Later, the number
of C. obsignata eggs, in which the cleavage process was occurring,
decreased to 22.0% on day 6, and then to 2.3% on day 8. The for-
mation of bean-like embryo occurred in days 4 to 6.

.' -

c -
d -
e -
Fig. 6. Stages of embryonic development of Capillaria obsignata:

a — zygote; b — morula; ¢ — bean-like embryo;
d — tadpole embryo; e — invasive larva

Then, from 15.6% to 49.6% of eggs were at this stage of
development. The formation of tadpole embryo was recorded at the
days 8 to 10 of embryogenesis. At the eighth day, 71.6% of eggs
were at this stage, and on the 10th day this number decreased to
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4.0%. Larval development occurred gradually since the eighth day
of culture when only 7.0% of eggs were invasive. At the 10th day,
84.3% of all eggs became invasive. At the 12th day, the maximum
number of invasive eggs was observed, 90.3%. The cessation of

Table 3

development and subsequent death was recorded in 9.6% of C. ob-
signata eggs. The stages of embryonic development of C. obsignata
eggs were typical and their morphological changes were supported
by meristic parameters (Table 4).

The embryonic development of Capillaria obsignata in experimental culture (M +SD, n = 100)

Stages of egg development, %

Day of culture " morula development of f g:essla tion t
Zygote (cleavage of embryo) bean-like embryo tadpole embryo larva Of developmen
Before culturing 100 - - - -
2 88.66 + 2.52 11.33+2.52 - - - -
4 18.00+2.00 66.33+3.79 15.66 +2.08 - - -
6 9.66 +1.53 22.00+2.00 49.66 +£2.51 18.67 +3.05 - -
8 - 2.33+153 9.33+251 71.66 +2.08 7.00+3.61 9.66 +1.53
10 - - 2.00+1.00 4.00+1.00 84.33+3.05 9.66+1.53
12 - - - 90.33+£1.53 9.66 +1.53
Table 4
Meristic parameters of Capillaria obsignata embryonic development in experimental culture (M + SD, n = 10)
Parameters, jum Before Day of culture
' cultivation 2 4 6 8 10 12
Length 65.34+5.12 67.88+4.91 69.09+521 71.08 +6.28* 72.27 +4.32** 72.66 + 3.69** 73.57 £7.53**
Width 28.42+2.35 28.87 £2.05 29.14+2.02 29.24+£297 2957 +£257 30.61+1.67* 30.72 £ 2.56*
Eggshell thickness 3.14+0.24 3.12+0.25 311+0.25 3.09+0.26 3.09+0.29 3.08+0.29 3.08+0.28

Note: * — P <0.05, ** — P <0.01 compared to parameters before cultivation.

Thus, in embryonic development of bean-like embryo, the egg
length significantly increased, starting at the sixth day of cultivation,
by 4.5% (P < 0.05). At the eighth day, the embryogenesis was at the
stage of tadpole embryo, and its length increased by 6.1% (P < 0.05)
compared to before cultivation. At the 10th and 12th days, the
length of invasive larva increased still by 10.1% and 11.2% (P <
0.01) respectively. The egg width began to change at the larval
formation stage, and increased by 7.5% (P < 0.05) at the 12th day
compared to that at the zygote stage. The eggshell thickness decrea-
sed but insignificantly. Thus, C. obsignata eggs differ depending on
the stage of embryogenesis and the initial substrate. These specifics
should be considered in species identification.

Discussion

The population of C. obsignata is well adapted to parasitizing
chickens (Gallus gallus dom.) in the climatic conditions of central
Ukraine (Poltava and Kiev regions), which is confirmed by the
population statistics. The abundance index is 3.4, the intensity of
capillariasis infection is 317 specimens in several cases. It is well
known that C. obsignata is adapted to parasitizing domestic, wild,
and synanthropic birds. The occurrence of cross infection means
that this nematode is not a species-specific parasite (Levine, 1938;
Wakelin, 1965; Gurler et al., 2012). This factor facilitates the wide
distribution of C. obsignata in many countries, as confirmed by
many studies (Permin, 1999; Mukaratirwa and Khumalo, 2010;
Kaufmann et al., 2011; Yazwinski et al., 2013). In Ukraine, there
are a few studies of the abundance of C. obsignata in birds, revea-
ling the significant infection of chickens, especially floor-reared
(extensiveness of infection up to 100%) in Dnepropetrovsk region
(Zaikina and Marshalkina, 2015).

We found out that the studied population of C. obsignata is
represented mostly by females (88.8%), and 3.5% of studied birds
had no male parasites. This supports previous findings (D’avila
etal., 2012) which also testifies to the roundworm’s biological
adaptation to certain conditions and interaction with the host. That
is, the females live longer to provide successful reproduction, and
the males leave the host after fertilization.

New data are found on the morphometric characteristics of
adult and embryonic stages of C. obsignata development. The species
has been studied for a significant period, and there are widely
known identification keys (Skrjabin, 1957; lvashkin et al., 1971).
However, the keys do not incorporate the specific variability which
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can affect both the morphological and meristic parameters of these
roundworms. The average length of mature females is 14.75 + 0.82 mm,
their width in various body parts ranges from 9.43 + 0.53 to 57.09 +
2,65 um. These values are lower in males by 10.2-23.7%, their
length is 11.25 + 0.63 mm, their width is 8.47 + 0.56 to 47.27 +
1,94 um. However, several sources give the length of C. obsignata
females from 9.1 to 40.0 mm, and the length of male roundworms
from 5.83 to 18.6 mm (Kajerovéa and Baru3, 2005; D’Avila et al.,
2017). The mature females and males in our study were unequal by
their body lengths (9 13.5 to 16.0 mm, & 10.5 to 12.6 mm). This,
too, confirms their adaptive morphological variability, which causes
the difference in the nematode sizes. Among other typical meristic
parameters, there is the length of the pseudobursa (35.54 + 1,42 pm),
distance between the rays of the pseudobursa (13.57 £ 0.74 pm),
and the lengths and widths of the spicule and spicule sheath at the
distal and proximal ends. All this should be taken into account in
species identification.

In most of the identification keys, the slit vulva and insignifi-
cant vulval lip are thought to be typical for C. obsignata females.
We, however, must point out that the size and height of this vulval
lip are very variable (2.0 to 7.2 um), thus making difficult the
species identification. Hence, the meristic characteristics of females
should also be considered, such as the distance from the end of
esophagus to the vulva (82.65 + 4,63 um) and length of the vagina
(173.66 £+ 9,81 um). Additionally, body width in the anus area, in
the area of the posterior esophagus (57.09 £ 2,65 pum), and at the
anterior end of body (9.43 £ 0.53 um) can be used to identify
female roundworms.

We established that the parameters of C. obsignata eggs extracted
from feces of the infected chickens are significantly larger than those
of eggs obtained from the gonads of female nematodes. Additional
indicators (shell thickness, inner and outer egg surfaces) are also
proposed, to complement the already existing data. Thus, the
nematode eggs isolated from chickens are longer by 18.7% to 25.1%
(P < 0.001) and wider by 10.1% (P < 0.01) compared to eggs isolated
from gonads. At the same time, the shell thickness of eggs isolated
from the chicken feces, and their inner and outer surfaces are also
higher by 25.8%, 18.5% and 18.6% (P < 0.001), respectively. Such
changes testify to the growth and development of eggs during their
migration from the small intestine, where they are excreted by the
female, to the external environment along with the avian feces.

We obtained new data on the embryogenesis of C. obsignata in
laboratory conditions. At 25 °C, the roundworm’s eggs develop to
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the invasive stage in 12 days with high viability (up to 90.3 + 1,5%),
which contributes to their population growth, rapid cross infection
in birds, and survivability of the nematode eggs in the external
environment. For the first time, five embryonic developmental
stages of C. obsignata are identified, with clear morphological and
meristic characteristics, and a stage-by-stage transition from one
stage to the next. The first stage, formation of the zygote, morpholo-
gically differs by the homogeneous filling of the egg cavity, and is
observed in the first two days of cultivation (100.0-88.7%).
The second stage, the cleavage of the zygote into morula, is charac-
terized by the formation of unequal blastomeres in the egg cavity
during the 4th to 6th days of embryogenesis (66.3-22.0%). The third
and fourth stages (bean-like and tadpole embryos) are recognizable
by the formation of an embryo shaped like a bean or a tadpole in the
egg cavity. These changes were detected mainly on the 6th and 8th
days (to 49.6% and 71.6%). The fifth and final stage is characteri-
zed by the formation of a mobile larva in the egg cavity, which
indicated its viability. On the 10th to 12th days of cultivation, the
number of invasive eggs was within 84.3% to 90.3%. Such deve-
lopment of C. obsignata eggs was also confirmed by meristic para-
meters (length and width, increased by 11.2%, P < 0.01 and 7.5%,
P < 0.05, respectively). We added to the already existing data on the
embryonic development of C. obsignata, which previously have
distinguished only three stages of egg development for this species:
eggs without embryo, eggs with a mobile embryo, and invasive
larva (Tiersch et al., 2013). Meristic parameters of eggs undergoing
embryogenesis are shown for the first time.

Conclusion

The C. obsignata nematodes, which parasitize chickens, are
highly abundant in the central Ukraine (the abundance index was up
to 3.4). Female roundworms dominated in the collected material
(88.8%). The new species-identifying characters of adult C. obsig-
nata are morphometric. The mature males are identified by the
shape, length and width of pseudobursa; distance between its rays;
the shape and width of the spicule and spicule sheath in its proximal
and distal parts. The females are distinguished by the size of the
cuticle vulval lip, which is very variable; the distance between the
esophagus end to the vulva; vagina length.

The meristic parameters of embryonic stages of C. obsignata are
quite variable and depend on the sampled substrate and the stage of
development. To facilitate species identification, it is suggested to
consider not only the length and width of the eggs, but also their inner
and outer surface areas and eggshell thickness. In laboratory condi-
tions, the embryogenesis of C. obsignata occurs in five stages: zygote,
morula, bean-like embryo, tadpole embryo, invasive larva. They have
significant morphological and meristic specifics. The experimental
embryogenesis of C. obsignata occurs in 12 days, and the survival is
90.3%.
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