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ABSTRACT

The aim of present study was to assess the time periods of exogenous development of Trichostrongylus tenuis
nematodes that parasitize in domestic goose, and their survival z vitro. To do that, eggs of Trichostrongylus were
obtained from excrement of infected birds and cultured in laboratory to the third stage larvae (L3). Culturing was
performed at 15°C, 20°C and 25°C. Time periods of the parasitic development was analyzed, as well as their
survival. According to results, the optimum temperature of embryonic and postembryonic development of
T.tenuis is 25°C. The time period of exogenous development at 25°C was the shortest (five days), and survival was
83.67%. Decreasing temperature resulted in slower development of infectious larvae (10 days) of lower survival
(58.67%). Developmental processes in eggs and larvae of Trichostrongylus were accompanied by changes in their
sizes regardless of the temperature conditions. Parasitic embryogenesis was characterized by increasing length and
width of eggs. Postembryonic development of nematodes was associated with inflating length and width of
second stage larvae, but inflating length and decreasing width of third stage larvae.
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Evcil Kazlarda Parazitlenen Trichostrongylus tenuis Nematodlarin Ekzojen Gelisim Siirelerinin
Degerlendirilmesi

0Z

Bu calismanin amact, evcil kazlarda parazitlenen Trichostrongylus tenuis'in eksojen gelisim ve in vitro ortamda canlt
kalma stirelerini degerlendirmektir. Enfekte kuslarin diskisindan izole edilen Trichostrongylus spp. yumurtalart
laboratuvar ortaminda 3. donem larva elde edilmek tzere 15°C, 20°C ve 25°C olmak tzere ¢ farklt sicaklikta
kiltir edilmistir. Farklt sicakliklardaki larva gelisimi ve canli kalma siireleri analiz edilmistir. Elde edilen analiz
sonuglarina gore, T. fenuis’ in embriyonik ve postembriyonik gelisimi icin optimum stcaklik 25°C ' dir. Larvalar, in
vitro ortamda en hizlt gelisimi 5 giinde 25°C'de gostermisler ve % 83.67 hayatta kalmuglardir. Azalan sicaklik,
enfektif larvalarin daha yavas gelisimine (10 glin) ve daha kisa siire canli kalmalarina (% 58.67) sebep olmustur.
Trichostrongylus yumurta ve larvalari her g sicaklik ortaminda, farkli degerlerde olsa da gelisim gOstermistir.
Parazitik embriyogenez, yumurtalarin uzunlugunun ve genisliginin artmasi ile karakterize edilmistir. Nematodlarin
postembriyonik gelisimi sirasinda, ikinci dénem larvalarda uzunluk ve genislikte artis gézlenirken, ticlincli dénem
larvalarda uzunlukta artis, genislikte ise azalma gzlemlenmistir.
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INTRODUCTION

The poultry farming may develop not only by
creating new highly productive breeds of geese,
improving diets for nutrients, but by also ensuring
sustainable epizootic control (Romanov 1999,
Elmberg et al. 2017). The common helminth

infections of geese include
gastrointestinal nematodoses. One of the most
widespread gastrointestinal nematodoses is

trichostrongyloidosis, associated with significant
losses for poultry farming (Enigk and Dey-Hazra
1971, Shutler et al. 2012).

Epizootological features of trichostrongyloidosis have
been mostly studied in wild birds (Anseriformes,
Galliformes, Gruiformes, and Otidiformes), and this
infection is widespread throughout Europe, Asia,
North America, Africa, Australia, New Guinea, New
Zealand. There, the infection rates can reach 100 %,
and the intensity of infection can be up to 2471
nematode specimens per bird (Calvete et al. 2003,
Webster et al. 2007, Bhat et al. 2014).

Most of the scientific works ate studies of the
parasitization of Trichostrongylus fenwis in partridges.
The pathogen destabilizes the dynamics of partridge
population, leading to its decline. Moreover, the
prevalence of infection in partridges reaches 90%, the
intensity of infection is up to 30.000 nematode
specimens, and infection rates are higher (in 30 times)
in adult birds than in young animals (Wilson 1983,
Fox and Hudson 2001, Newborn and Foster 2002,
Seivwright et al. 2004).

It has been proven that T. zenuis nematodes evolved
from the free-living ancestors of modern rhabditates.
This is indicated by their partial free-living lifestyle,
namely the part of the life cycle and metamorphoses
that occur outside the host’s body, in the external
environment. The parasite’s development is direct
involving one definitive host. The wild birds and
poultry that are susceptible to the causative agent of
trichostrongyloidosis include _Anser albifrons, Anser
anser dom., Gallus gallus dom., Anas platyrhynchos dom.,
Meleagris gallopavo, Anas platyrbynchos, Branta canadensis,
Chen caerulescens, Lagopus scoticus, Lagopus muta, Numida
meleagris, Otis  tarda, Perdix  perdix, Pavo cristatus,
Phasianus colehicus. Moreover, such a wide distribution
of this pathogen in birds is explained by the
peculiarities of its development, where exogenous
preservation of the parasite at the stages of the egg
and larva allows parasites to survive as a species
(Watson et al. 1988, Cattadori et al. 2005, Skirnisson
et al. 2012).

Thus, a comprehensive study of Trichostrongylus tenuis
parasites of domestic goose is not only of general
biological interest, but it has a great importance in the

ensuring of trichostrongylosis epizootic control at
poultry farms also.

MATERIAL and METHODS

Studies were conducted at the Laboratory of the
Parasitology and Veterinary Expertise of the
Department of Veterinary Medicine of the Poltava
State Agrarian Academy (Poltava, Ukraine, 49 °© 35'42
"N 34 °33'19 " E) in 2019.

The time periods of the exogenous development of
T. tennis nematodes were studied in laboratory
conditions. In order to do that, helminth eggs were
isolated using Kotelnikov-Khrenov’s method of
coproscopic examination of domestic goose reared in
private farms of Poltava region (Kotelnikov, 1984),
from excrement of infected birds. The obtained
washed eggs were transferred to Petri dishes, 100£5
eggs per dish, and cultured in a thermostat at various
temperatures  (15°C, 20°C and 25°C) until the
formation of third stage larvae (L3). Samples were
examined daily under a microscope. The stage of
development of eggs and larvae of nematodes was
determined by morphological structure, considering
the timing of their development and taking into
account the number of dead eggs and larvae. Each
experiment was carried out in triplicate.

The metric parameters of 1. fenuis eggs and larvae
during their development were studied using Image]
for  Windows®  software  (version  2.00).
Microphotography was performed using a digital
camera to a MikroMed 5Mpix microscope (China).
The research protocol of the current study was
approved by the Ethic Committee of the Poltava
State  Agrarian Academy (Approval number:
2019/02).

Statistical analysis

Statistical processing of the experimental results was
carried out using Statistica 10 (StatSoft Inc., USA)
software. Standard deviation (SD) and average values
(M) were calculated. Significance of difference
between average values in studied eggs and larvae
cultures of T. fenuis was established using one-way
analysis of wvariance and F-test. The statistically
significant rate was set as p<0.05.

RESULTS

The exogenous development of T. zenuis was shown
to include five stages: blastomere cleavage (Fig. 1 a),
larval formation in egg (embryonic) (Fig. 1 b), and
postembryonic formation of first stage (L1) (Fig. 1 ¢),
second stage (L.2) (Fig. 1 d) and third stage (L3) larva
(Fig. 1 e). The timing of development and survival
rates of exogenous stages of parasites depended on
the temperature regime (Table 1).
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The most optimal temperature for the successful
development of eggs to the infectious L3 was 25°C.
The time periods of development were the shortest,
five days at this temperature, and the survival rate was
83.67%3.51%. A decrease in temperature contributed
to longer development of Trichostrongylus, and
nematode survival was reduced to 75.33%1.53% at
20°C and to 58.67£2.08% at 25°C.

The morphometric parameters of T.zenuis eggs were
studied during their embryonic development.
Regardless of the temperature of cultivation, their
length and width changed (Table 2).

At 15°C, the length and width of Trichostrongylus eggs
increased by 3.77% (p<0.01) and 6.39% (p<0.001),
respectively. At 20°C, the parameters of eggs during
cultivation significantly (p<0.001) increased: length by
4.62%, width by 8.08%. Cultivation at 25°C also led
to an increase in their size (p<0.001): length by
5.44%, width by 7.82%. During postembryonic

development of T.zenuis larvae, their sizes changed at
all temperature conditions (Table 3).

At 15°C, the length and width of the second stage
larvae (L2) increased relative to the sizes of the first
stage larvae (L1) by 22.10 and 8.55% (p<0.001),
respectively.  Similar data were obtained for
cultivation at 20°C and 25°C. The length of L2
increased by 22.21 and 20.26% (p<0.001), and the
width increased by 8.26 and 8.72% (p<<0.001). At the
same time, infectious larvae of the third stage (L3)
had a longer and narrower body in comparison with
L1. At 15°C, length of L3 increased by 26.74%
(p<0.001), and the width decreased by 5.20%
(p<0.01). At 20°C, L3 were longer (by 26.34%,
p<0.001) and narrower (by 7.88%, p<0.001). The
same tendency in L3 body size changes during
postembryonic development was also observed at
259C. Infectious larvae were longer by 24.27%
(p<0.001) and narrower by 11.60% (p<0.001) relative
to L1.

a b
< d

Fig. 1. Stages of embryonic and postembryonic development of nematodes Trichostrongylus tenuis,
which parasitize domestic geese: a — blastomere cleavage; b — formation of larvae in the egg; ¢ —

L1;d-12;e—-13
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Table 1. The effect of temperature on the timing of exogenous development and survival of Trichostrongylus tenuis in

laboratory culture, n=100, M+SD

Temperature (°C)

Duration of development (days)

Rates of formation of L3 (%)

15 10
20 7
25 5

58.67£2.08
75.3311.53
83.67%3.51

Table 2. Morphometric parameters of Trichostrongylus tennis eggs during embryonic development, n=10, M£SD

Parameters Temperature Stages of egg development
(um) (°C) Blastomere cleavage Formation of larva in egg
15 69.21%£1.56 71.9211.93%*
Len/gth 20 69.03%£1.29 72.37£1.85%F*
25 68.82+1.51 72.78£1.60%**
15 37.23%£1.15 39.77£1.69%+*
Width 20 37.19%1.36 40.46£0.95%**
25 37.74%1.28 40.94£1.15%+*

Note: ** — p<0.01; *** — p<0.001 — compared to values for eggs at the stage of blastomere cleavage

Table 3. Morphometric parameters of Trichostrongylus tenuis larvae during postembryonic development, n=10,

M=£SD
Larval stages Para;nnelters, Tempera;(;re (°C) ~

- Length 367.55+17.44 372.46113.44 385.19%15.66
Width 23.6510.57 23.9910.48 24.39%0.68
Length 471.84%6.87FF* 478.81£06.02%** 483.04L5.74%+*

- Width 25.86£0.70%* 26.15£0.71%%¢ 26.72£0.62%%*
Length 501.70£2.89%** 505.6313.33%** 508.65£4.90***

= Width 22.421+1.06%* 22.10%1.32%%% 21.5611.28%**

Note: ** — p<0.01; *** — p<0.001 — compared to values for first stage larvae (L1)

DISCUSSION

According to scientific evidence,
trichostrongyloidosis is a significantly common
disease of birds, both wild and domestic. Its
pathogens are nematodes of the species
Trichostrongylus tenuis. The disease occurs in both
waterfowl and terrestrial birds in many countries of
the world (Wascher et al. 2012, Cervantes-Rivera et al.
2016, Denizhan and Karakus 2019). The high
prevalence of pathogen in various bird species is
explained by the biological specifics of T.zenuis that
enhance its adaptation to environmental factors,
which affect the exogenous development of the
parasite (Dobson and Hudson 1992, Connan and
Wise 1993). Thus, further studies are needed to

determine the timing of the development of these
nematodes in the external environment and the
influence of temperature on the rate of L3 formation
and survival. This will allow to use the correct and
more  effective  preventive and  therapeutic
anthelmintic measures in poultry farming.

We found that the temperature factor significantly
affects the timing of exogenous development of
T.tenuis nematodes, and is also one of the factors
determining their survival. The most favorable
temperature for the formation of the largest number
of infectious larvae (up to 83.6713.51%) under
laboratory conditions is 25°C. In these conditions, the
exogenous development of T. zenuis occurs in five
days. With decreasing temperature, the formation of
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L3 slows down to seven days at 20°C, or 10 days at
15°C. At the same time, the survival of L3 decreases
to 75.33£1.53% at 20°C, or 58.67£2.08% at 15°C.
Such dependence of the development time and
survival of T.fenuis on temperature both in the
laboratory and in the environment has been noted
before (Shaw et al. 1989). The authors indicate that
eggs do not develop to L3 and die at low
temperatures of winter, while mass formation of
infectious larvae occurs in summer, at an average
monthly soil surface temperature of 7.6 to 10.3°C. At
the same time, it has been observed that temperature
indirectly affects the development of infectious
larvae. A colder temperature (10°C) provides better
humidity conditions on the surface of the vegetation
for migration of larvae (Saunders et al. 2000).

We also obtained new data on the morphometric
parameters  of  Tifenwis  during  exogenous
development. The embryonic development is
characterized by an elongation (by 3.77-5.44%) and
widening (by 6.39—8.08%) of eggs. In the process of
postembryonic larval development, we noted an
increase in L2 in length (by 20.26-22.21%) and width
(by 8.26-8.72%), and further in L3, an increase in
their length (by 24.27-26.74%) with a decrease in
width (by 5.20-11.60%). Such changes, in our
opinion, contribute to maximum survival in the
external environment, and the possibilities of
migration on plants for further entry into the host
organism.

CONCLUSION

The timing of exogenous development and survival
are determined in different temperature conditions
tor Trichostrongylus tenunis nematodes isolated from
domestic geese. It is established that the optimal
temperature for the formation of infectious larvae is
259C, at which their formation occurs in five days,
and survival reaches 83.67%. The growth and
development of exogenous parasitic stages is
accompanied by a change in their morphometric
characteristics. That is an adaptive mechanism to
environmental conditions, which contributes to the

widespread occurrence of trichostrongyloidosis in
birds.
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