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Summary

Eustrongylides spp. are the nematodes from the Dioctophymatidae family which are potentially dan-
gerous for the mammal’s heath. The first aim of the present research is to describe the biology, de-
velopmental characteristics and epizootology of the Eustrongylides spp. nematode. Eustrongylidosis
is a parasitic disease commonly occurring in the countries with temperate continental, tropical and
subtropical climate. The Eustrongylides spp. parasites are biohelmints with a complex life cycle. The
development of the nematodes takes place in the aquatic environment and includes a vast range of
intermediate, accidental and definitive hosts. It has also been reported in humans. The second aim
of the research is to describe the clinical and pathomorphological changes in organs and tissues of
the infected animals, and influence of biotic and abiotic factors on formation of the natural centers of
spreading of eustrongylidosis; diagnostics of eustrongylidosis.
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Introduction

Eustrongylides spp. are the nematodes of the Eustrongylides ge-
nus, substantiated by Jagerskidld in 1909 on the material from
the glandular stomach of ciconiiformes and waterfowls brought
by the Swedish expedition from Egypt and Sudan (Jagerskiold,
1909). Jagerskiold concluded that this group of nematodes was
not studied well enough. The author substantiated the new genus
of Eustrongylides and several new species within the new genus
based on the further research of the materials from Berlin, Genoa,
Greifswald, and Vienna museums, and helmints received from
birds in Finland (Jagerskidld, 1909).

Parasitic larvae on fish are often mentioned in the works of Rudol-
phi (Rudolphi, 1802). But their exact nature and localization of the
mature nematodes in the glandular stomach of fish-eating birds
was studied in 1868 by Leuckart (Leuckart, 1868).

* — corresponding author

According to Jagerskiéld, the new genus called Eustrongylides
included 7 species: E. tubifex, E. elegans, E. papillosus, E. afri-
canus, E. excisus, E. ignotus, E. perpapillatus, the four latter were
the newly described ones. All these species, except E. africanus,
were known to the scientists before, but they were mentioned
under different names: Strongylus (Rudolphi, 1802), Eustrongy-
lus (Diesing, 1861) and Tropidocerca (Linstow, 1899) (Rudolphi,
1802; Diesing, 1861; Linstow, 1899). Cram substantiated E. mer-
gorum in 1927, which contradicted the species E. elegans, as it
was later proven to be the same species (Cram, 1927).

In 1960s, according to some researchers, the genus Eustron-
gylides included 14 species, mostly found in China, Japan and
Australia. E. gadopsis, E. galaxias, E. wenrichi were described
only on the basis of the larvae taken from fish, which did not allow
considering their systematic position as substantiated (Yamaguti,
1961; Karmanova, 1968).
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At the same time the data of modern molecular taxonomy based
on molecular-genetic research methods show that there are only
3 species considered basic for the Eustrongylides genus: E. tubi-
fex, E. excisus and E. ignotus. The rest are subpopulations of the
above-mentioned groups that function in particular biotopes.

Eustrongylides nematode morphology

According to the description made by Karmanova, the Eustron-
gylides nematode larvae have the following anatomic morpholog-
ical characteristics: the body of the parasite widens to the middle
and narrows to the ends; the head end is not swollen, the cuticle
has no spines and its transverse outline becomes more noticeable
at the ends (Karmanova, 1968). The mouth cavity is surrounded
by 12 to 18 oral papillae, usually arranged in rows, 6 papillae in
each, of which 2 are lateral and 4 submedian (Fig. 1). The parasite
has 2 rows of lateral papillae located along the body. The esoph-
agus is wide, it widens the most at the back part. The copulatory
bursa of the male is muscular, thick-walled, and has no rib-like
formations. The spicule is long and needle-shaped. The tail end
of the female’s body is blunt with no clearly defined tail. The vulva
is close to the terminally located anus. The development involves
fish. According to Karmanova, 1968, this genus is characterized
by sex dimorphism: narrow-ended larvae develop into males and
wide-ended — into females.

100 um

Biological characteristics of the Eustrongylides nematodes

Distribution of Eustrongylides spp.

Eustrongylidosis is registered on every continent except Antarctica
and in every climate zone except arctic and subarctic zones. It has
been noticed that the parasite is much more widespread in the
temperate continental, tropical and subtropical climate zones (Bar-
ros et al., 2010; Aydogdu et al., 2011; Mierzejewska et al., 2012).
This parasite is biologically likely to form the centers of infection
near the aquatic areas, mostly in fresh waters, less likely in saline
waters and estuaries (Spalding & Forrester, 1993).

The nematode can invade not only fish and fish-eating birds.
The accidental hosts can be amphibians (frogs), reptiles (turtles,
snakes, caimans), mammals (rabbits, laboratory rats, seals), and
humans. (Sloboda et al., 2010; Svazas et al., 2011; Shukerova et
al., 2011; Eberhard & Ruiz-Tiben, 2014; Ljubojevica et al., 2015).

Life cycle of Eustrongylides spp.

The first detailed study of the Eustrongylides nematodes’ biology
was done by Ciurea. In 1924, while working in the Romanian part
of the Danube delta, the author discovered nematode larvae in
fishes: Barbus fluviatilis, Lota lota, Perca fluviatilis, Esox Lucius,
and detected parasites in the glandular wall of cormorants (Phala-

Fig. 1. The head end of Eustrongylides excisus larvae (L4). Visualised two rows of papillae (a) around the oral opening (b).
The body of the larva is visibly striated (c) (Goncharov et al., 2018)
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Fig. 2. Life cycle of Eustrongylides sp. (Cole, 1999)

crocorax carbo and P. pygmaeus), caught in the Danube and Dni-
ester waters. This was the first attempt to model the life cycle of
the Eustrongylides nematodes (Ciurea, 1924).

The life cycle of the nematodes of the Eustrongylides genus is di-
rectly connected to fresh, saline and estuarial aquatic areas where
intermediate (oligochaetes, fishes), accidental (reptiles, amphib-
ians, mammals) and definitive (fish-eating birds) hosts develop.
(Lichtenfels & Stroup; 1985).

The Eustrongylides nematode has a complicated development
cycle. The main definitive hosts are fish-eating birds of the Cico-
niiformes family: Anseriformes, Gaviiformes and Pelecanoformes.
Intermediate hosts are water oligochaetes of the Tubificidae and
Lumbriculidae families, as well as Limnodrilus spp., in which the
first and the second larval periods of the parasites are taking
place. The second intermediate hosts are plankton-eating and bot-
tom-feeding fishes. Predatory fishes, such as Sander lucioperca,
Perca fluviatilis, Esox lucius can also be involved in the E. excisus
development cycle (fig. 2) (Measures, 1988; Novakov et al., 2013).
Eustrongylides nematode development cycle starts when eggs
reach the organism of the first intermediate host - oligochaete —
where the larvae get out of the egg shell under the influence of

gastric juice and move to the lumen of the gastrointestinal tract
(Karmanova, 1968; Paperna, 1974). Then the larva perforates the
intestine wall moving to the host’s body cavity. After reaching the
first stage the larvae penetrate into the abdominal blood vessel
of the oligochaete and with the blood flow they are transferred to
the head end where they shed twice. After the second shed the
larva becomes able to invade the second intermediate host — a
fish (Karmanova, 1968).

Under the appropriate conditions the second shed is over after
82-85 days in the oligochaete’s body. But depending on the con-
ditions of the environment, the development of the Eustrongylides
nematode in the oligochaete’s body from the eggs getting into the
organism with the invasive larva to formation of the larva able to
invade the second intermediate host can take up to 5-5.5 months
(Karmanova, 1968; Paperna, 1974).

The second intermediate host — fish — is infected during swallow-
ing the infected oligochaetes. Larvae that enter the gastrointestinal
tract of fish perforate the intestinal wall and enter the extraintesti-
nal space (Karmanova, 1968). Then the Eustrongylides nematode
larvae migrate along the body. The migrated larvae can locate in
the muscular tissue, hepatopancreas and gonads of the fish. As
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larvae stay in the body of the fish, they shed twice, reaching the 3"
and the 4" stages of development (L3 and L4). The larval stages
of the nematode can be in the body of the first and second interme-
diate hosts — oligochaetes and freshwater fishes — for more than
a year (Cole, 1999).

Definitive hosts — fish-eating birds- are infected as they eat fish
infected with the Eustrongylides nematode larvae (Karmanova,
1968; Paperna, 1974). The parasite locates in the stomach wall
3-5 hours after getting into the organism. The larva becomes ma-
ture in the body of the fish-eating bird as a definitive host within
10-15 days after invading. But the parasite starts laying eggs after
20-25 days or later (Karmanova, 1968; Paperna, 1974).

Getting into the waters with the feces of the fish-eating birds,
the eggs are able to maintain their vital function for 2-2.5 years
(Bjeli-Cabrilo et al, 2013). The maturing of the eggs in an outer
environment takes 19-21 days, 2-5 days later they reach the in-
vasive stage. The free larvae have no living potential in an outer
environment and they die fast (Karmanova, 1968). Thus the most
appropriate conditions in an outer environment for the eggs is wa-
ter saturated with organic material with a temperature 20 — 30°C
(Cole, 1999).

Characteristics of the parasitic activity of the Eustrongylides spp.
in other animal species

The Acipenseridae fishes can serve not only as an intermediate
host but as a definitive one because the Eustrongylides spp. nem-
atode is able to reach maturity in their bodies, which was con-
firmed by presence of eggs in the observed helmints (Mikailov et
al., 1992).

The parasitic activity of the E. ignotus (L4) was found in the gas-
trointestinal tract of the eels Synbranchus bengalensis in Eastern
Java. The intestine wall was often perforated by the parasites
(Subekti et al., 2020). Similar results were gained observing the
population of eels Monopterus albus in the waters of Banyuwangi
regency, Eastern Java. The E. ignotus larvae were found in ex-
traintestinal space, gastrointestinal tract, gonads and muscular
tissue (Bakti et al., 2020).

Two ways of invading Gambusia holbrooki were experimentally
defined. The first one is direct infection of the fish with the eggs
containing the E. ignotus larvae on the first stage of development.
The eggs received from the uterus of the mature parasite were
cultivated in the appropriate temperature for 17-28 days. The par-
asite reached stage L4 84 — 105 days after infection. The second
way is invading the fish as they consume the infected oligochaetes
in the bodies of which the larvae get mature for 35 — 77 days. In
the organism of the fish the parasite reached the 4" stage for 127
- 184 days. In case of the first way the parasite reaches stage 4
78 — 156 days faster than in the second case (Coyner et al., 2002).
Eustrongylides nematode can use certain reptiles and amphib-
ians as accidental hosts: lake frog (Rana ridibunda), giant toad
(Rhinella marina), Eurasian marsh frog (Pelophylax ridibundus),
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and water snake (Natrix tasselata). In the organisms of the latter
the agent on the stages 3 and 4 localizes under the serous mem-
brane of the gastrointestinal tract (Sloboda et al., 2010; Melo et al.,
2015; Ledn-Regagnon, 2019). As the garden snakes (Thamnophis
sirtalis parieyalis) are fed with banded killifish (Fundulus diapha-
nus) selected in the natural environment and leopard toads (Rana
pipiens), grown in the laboratory conditions and infected with the
Eustrongylides spp. nematode it was noticed that the snakes got
eustrongylidosis and died (Lichtenfels & Lavies, 1976).

To define the circle of the additional hosts of the E. ignotus nem-
atode received from Fundulus diaphanus, Brant et al. conducted
numerous experiments including fishes, frogs, alligators and tur-
tles (Brant, 1944). In particular, E. ignotus larvae were injected
orally, under the skin or directly into the intestine. In most exper-
imentally infected predatory fishes the larvae were discovered in
the body cavities alive. Carp was the only species of fishes re-
searched not to have gotten eustrongylidosis. Grown frogs Rana
pipiens were fed with 2 larvae each. As a result, the larvae were
found in the abdominal wall muscles, on the tongue, mesentery,
ovaries and in the thickness of the lymph node. The larvae taken
from the amphibian Necturus maculosus were placed under the
skin of Amphiuma tridactylus and found 42 days later: one was
under the skin, the other one - in the thickness of muscles near
the injection spot. 81 days after the oral infection of the Alligator
mississipiens the autopsy revealed parasites on the abdominal
wall and under the pleura. Three (Chrysemis picta) turtles were
successfully orally infected. The pathological anatomic autopsy
revealed the larvae in the body cavities and on the stomach wall.
Attempts to invade snakes Thamnophis sirtalis were unsuccessful
(Brant, 1944). The results show that the circle of the accidental
hosts for E. ignotus is wide.

Distribution of the larvae Eustrongylides in the host organism

Honcharov (2017b) studied the distribution of the Eustrongylides
larvae in the organisms of predatory fishes in case of natural in-
fection. They distributed as follows: 42.7 % of the total amount
of parasites were found in the muscles of the costal wall; 26.8 %
were in the ventral part of the abdominal muscles; 12.3 % located
in the spinal muscles; 3.1 % - in gonads, 6.4 % - in hepatopa-
ncreas, 2.3 % freely located in the abdominal cavity and 1.9 %
were found on the walls of the hollow organs. Franceschini et al.,
(2022) studied the distribution of Eustrongylides spp. nematodes
in the muscle tissues of perch (Perca fluviatilis), largemouth black
bass (Micropterus salmoides), big-scale sand smelt (Atherina boy-
eri), eel (Anguilla anguilla), black bullhead (Ictalurus melas), carp
(Cyprinus carpio), tench (Tinca tinca), and pumpkinseed sunfish
(Lepomis gibbosus) in the Trasimeno Lake, Central Italy. There
was no individual specific of distribution found in the studied fishes
(pike, sander and perch), which is quite similar to the research of
Menconi et al. (2020), observing Lepomis gibbosus, Micropterus
salmoides and Perca fluviatilis in case of eustrongylidosis.



Helmints localizing directly in tissues cause the most noticeable
reaction in the host’s organisms, which can be shown as capsule
formation, melanizing and isolation of the parasite (Feist & Long-
shaw, 2008; Mitchell et al., 2009). Capsule formation is a key point
of the parasitic strategy of balancing the dynamic parasite-host
system for the parasite to avoid death or elimination (Parker et al.,
2009). Histology showed that regardless of the capsule formation
the parasites can keep their body structure well inside the capsule.
That is why fishes can be rated acceptable as the intermediate
hosts for the Eustrongylides nematode larvae, as formation of the
tight capsule as well as surrounding inflammatory processes have
no impact on the vital activity of the parasites (Guagliardo et al.,
2019).

The parasites form half-transparent capsules in the fish’s body on
the inner side of the abdominal wall. The capsules are formed of
the host's tissues and the Eustrongylides nematode larvae localize
in them forming a tight spiral or a wide ring. As the cysts with the
parasites were cut, a small amount of yellowish liquid was noticed
flowing out. This liquid is an element of the inflammatory exudate
and the product of the nematode larvae’s vital activity. During the
migration in the host's body specific cysts are formed in hollow
organs (stomach and intestine). The larvae located freely on the
walls of the inner organs are able to continue migrating until they
reach tissues and organs that allow them to use the host's material
for the formation of specific capsules where they shed one more
time (Honcharov, 2017b).

Overstreet et al. (2003) report that E. excisus larvae can be lo-
cated freely or form a spiral in the thickness of muscles. Larvae
enlarge the abdominal cavity, but the fish’s death is registered
relatively seldom. The death can be caused by spreading of the
secondary infection in the organism of the infected fish.
Eustrongylides larvae can leave the capsule and migrate in the
muscular tissue in case of high temperatures of the environment,
which can cause hemorrhages in the muscular tissue (Cooper et
al.1978).

Histology showed that even in case of chronic inflammation the
microanatomy of the parasites is kept within the capsule. Thus
fishes are acceptable as hosts for the Eustrongylides larvae, as
the capsule formation has no impact on the parasite’s vital activity
(Guagliardo et al., 2019).

In the case of infestation of Galaxias maculatus by E. ignotus
larvae, which are quite large compared to the body of the fish,
physical and metabolic overload is likely to take place. This fact
decreases a chance of the fish being caught by the fish-eating
birds to realize the parasitic strategy (Coyner et al., 2001).

Physiology of the Eustrongylides spp.

Observing physical and biochemical characteristics of the Eus-
trongylides nematodes the experimental studies showed that the
parasitic nutrition is happening via osmosis, the parasites can get
oxygen from the host’s tissues. Eustrongylides larvae are aerobic.

In the in vitro conditions they consume oxygen intensively, in case
of temperature rising the consuming of oxygen and the glycogen
loss tend to increase (Brandt & Simpson, 1944). Starving of the
host was proven to have no impact on the tissue parasites. Obser-
vation showed no glycogen decrease in the Eustrongylides larvae
localized in the body of a starving fish for 65 days (Brandt, 1944,
1952).

The Eustrongylides larvae were found to have hemoglobin. In
terms of biochemical characteristics this hemoglobin differs signif-
icantly from that one of the host as it has a better ability to fix oxy-
gen even if there is a small amount of oxygen in the environment
(Brandt, 1937). The iron-containing breathing pigment is present
in parasites colored in red (Brandt, 1937). If the pH level is unsat-
isfactory, the hydrogen ion activity of the Eustrongylides moves
towards optimum. This adaptive characteristic is caused by the
significant swings of the pH level in the area of natural dislocation
of the parasites, especially in the gastrointestinal tract (Brandt,
1942, 1943).

Artificially cultivating E. ignotus in the Sabouraud Dextrose Broth in
the temperature of 37 °C outside the host’s organism, Brant et al.
were able to get the mature samples. All the nematodes received
in this experiment were male (Brandt, 1952). It was found that
that Fundulus heteroclitus fish infested with Eustrongylides larvae
accumulate 72 % less mercury (0.77 ug/g) than the non-infected
fish (1.07 pg/g), and the parasite itself accumulates 66.23 % less
mercury (0.51 ug/g) than the infected fish (Bergey et al., 2002).
To sum up, the biological features of development and life cycle of
the Eustrongylides nematodes directly depend on the organisms
of intermediate, accidental and definitive hosts. Because of their
ability to accommodate even to the most unfavorable conditions,
caused by physiological, morphological and biochemical features,
the Eustrongylides nematodes are able to invade a significant
amount of living organisms.

Epizootic characteristics of Eustrongylidosis

Prevalence of Eustrongylides infection by season

Invading the second intermediate hosts — fish — with the Eus-
trongylides nematode larvae highly depends on the temperature
of the environment, so it has a seasonal character. The optimal
temperature for keeping the vital activity and eggs’ maturation is
20 — 30 °C (Karmanova, 1968; Cole, 1999). The seasonal swing
dynamics of eustrongylidosis depends on several main factors:
temperature of the environment, feeding intensiveness of the fish,
the parasite development period and the presence of the fish-eat-
ing birds to spread the parasite (Honcharov et al., 2017).

In European countries (Ukraine, Moldova etc.), situated in the
temperate continental climatic zone, the infection rate reaches the
peak in spring. Thus, among the fish of the Kuchurgan reservoir in
the Republic of Moldova, as the author of the research notes, the
cases of the Eustrongylides infection were registered throughout
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the year, but reached the highest point in spring (Moshu, 2014).
Observing the seasonal dynamics of eustrongylidosis among the
predatory fishes of the Dnipro-Buh estuary (Ukraine), two peaks
were registered — in autumn and in spring. But the infection exten-
siveness and intensiveness rates reached the top in spring. The
biggest percentage of infection was in perches — 95.4 %, 81.8 %
of sanders and 80.4 % of pikes were infected. In summer the infec-
tion extensiveness counted 72.7 %, 41.6 and 55.5 % for perches,
sanders and pikes respectively. In spring — 75.7 %, 57.6 % and
51.9 % for perches, slanders and pikes respectively (Honcharov
et al., 2017). In winter the Eustrongylides infection extensiveness
rates reached the record low — 66.6 %, 35.7 % and 26.6 %, for
perches, slanders and pikes respectively, which coincides with
the results of the research by Yesipova (2013), which proves that
the infection of the predatory fishes with the Eustrongylides in the
Zaporizhzhya water reservoir (Ukraine) reaches the record high
in spring.

In the subtropical climate of Turkey the peak of the eustrongylido-
sis infection was registered in autumn and winter. This, observing
the infection of the hydrobionts in the Sigirci lake, the peak of the
perch infection (almost 100 %) was reached in autumn and winter,
dropping down in spring (87.5) and summer (90 %) (Soylu, 2013).
Similar situation is for roach (Rutilus rutilus) in the Kocadere
stream in Bursa: the highest rates were fixed in autumn (15 %) and
winter (3.2 %). In summer and spring no infected fish was found
(Selver et al., 2009); Blicca bjoerkna of the natural waters of Tur-
key was noticed to have eustrongylidosis only in autumn (the in-
fection extensiveness rates counted 27.8 % in September, 14.2 %
in October and 15 % in November), as for other seasons, no in-
fection was noticed (Selver et al., 2010). In Bulgaria, in conditions
of the temperate climate, the infection extensiveness of perch (P
fluviatilis) with the E. excisus nematode from Srebarna Biosphere
Reserve reaches the highest score in autumn — 23.3 %, tending
to decrease in spring (8.3 %) and summer (10 %) (Shukerova et
al., 2010).

In subtropical climatic conditions of the Iranian coast of the Cas-
pian Sea, the infection extensiveness of the South-Caspian stur-
geon Acipenser persicus with the E. excisus nematode larvae
reached the maximum in winter (13.04 %), slightly decreasing in
autumn (10.97 %) and getting to the record low in spring (3.85 %).
The research was not conducted in summer (Noei et al., 2015);
But in Brazil, in equatorial and tropical climatic conditions of the
Parana River, observation of the seasonal dynamics of the eus-
trongylidosis infection of the local ichthyic fauna found that Cichla
piquiti, Plagioscion squamosissimus have the highest infection
rates in summer, while Hoplias malabaricus - in winter (Martins
et al., 2009).

According to Hahn et al. (1999), some fish-eating predatory ani-
mals, in part Plagioscion squamosissimus, hunt more intensively
in summer and autumn, but in some aquatic areas of Brazil - in
spring and autumn, and this is when the larvae are accumulating
in the fish’s organisms. Merona and Bittencourt (1993) believe that
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the infection rates increase could be caused by the seasonal dry-
ing out in winter that limits the space of the water environment,
which stimulates the predatory instinct of H. malabaricus.
Apparently, it can be explained with the biological characteristics of
the Eustrongylides nematode. Fish infection takes place through-
out a year because Eustrongylides’ s development in oligochaetes
from the egg getting into it with the invasive larva to the new larva
formation for invading the next intermediate host can take 5-5.5
months. Territorial waters of Turkey and Caspian Sea are located
much further to the South than the natural waters of Ukraine and
Moldova, that is why the climatic conditions there are not the same
as in the Dnipro-Buh estuary, the Dnipro delta, Kuchurgan water
reservoir and Zaporizhzhya water reservoir.

Cole (1999) notes that the temperature rates directly impact on the
eggs maturation and the level of infection spreading. It allows to
suggest that the development process characteristics and time re-
quired for the Eustrongylides nematode depends on temperature
rates, which in turn differ according to the geographic conditions.
Seasonal dynamics of infection swings depending on seasonal dy-
namics of consuming food (in part the water oligochaetes) by fish.
The larvae development period in the organisms of hydrobionts is
another important aspect (Persson et al., 1988).

Ukraine is situated in the temporal continental climatic zone with a
wide range of temperature rates significantly changing depending
on seasons, which influences seasonal dynamics of the fish infec-
tion rates. The infection takes place throughout a year but intensi-
fies during the warm period. The main definitive hosts are fish-eat-
ing birds, who nest and form settled or migratory colonies from
early spring till early autumn in floodplains and swamps along the
Dnipro-Buh estuary shoreline (Goncharov et al., 2018). At the be-
ginning of spring the birds start to spread the eggs of the parasite
in the waters of the Dnipro-Buh estuary with feces. But the settled
fish-eating birds, especially seagulls, are spreading the eggs of
the nematode throughout the year, but eggs and larvae maturate
differently because of the seasonal temperature gap (Goncharov
et al., 2018). Infection continued during the cold period (winter)
as food (oligochaetes) consuming by predatory fishes does not
always depend on temperature, but the intensiveness significantly
decreased (Honcharov et al., 2017).

Prevalence of Eustrongylides infection by age

The level of the Eustrongylides infection also depends on the age
of the subjected organisms. The analysis of the eustrongylidosis
infection of the predatory fishes in the Dnipro-Buh estuary showed
that the infection rates are the highest in perches of the age cat-
egory 7+-8+ (65.2 %) and the lowest — in 5+ — 6+ (33.3 %). The
most infected age category in pikes is 9+ (85.7 %), and the least
- 0+ =2+ (52.9 %). 100 % of the slanders of the age category 9+
were infected, the lowest point (43.7 %)was in the group 3+-4+
(Honcharov, 2017a).

The younger age groups are more likely to be infected because



invertebrate organisms, such as oligochaetes — the intermediate
hosts of E. excisus nematodes larvae, are the major part of their
nutrition (Karmanova, 1968). Older fish are predatory, so they
are usually infected spontaneously and accidentally. It should be
suggested that perches of older age groups are infected gradually
every year, so the age groups 7+ — 8+ and 9+ have the highest
abundance index rates (Honcharov, 2017a).

As for the E. excisus infection of the Gobiidae fishes in the Iranian
waters of the Caspian Sea it was found that infection extensive-
ness and intensiveness is higher foe older fish (3+), than in young-
er (1+ - 2 +) (Sattari et al., 2005).

That is why there is a tendency of correlation between the age
of predatory fishes and the rates of the infection intensiveness,
extensiveness and abundance index. It was discovered that the
eustrongylidosis infection rates are higher in the older age groups
(Dogel, 1962; Haugen et al., 2008).

Prevalence of Eustrongylides infection by sex

Cullinan R. (1945) found that among 465 Fundulus heteroclitus
of the Chesapeake Bay near Baltimore infected with the eustron-
gylides nematodes 54.7 % were female and 45.3 % — male. The
author also notes that the larvae size depends on the fish size.
According to Martins et al, (2009), among the Hoplias malabaricus
infected with the eustrongylidosis in the Parana River in Brazil the
extensiveness counted 79.8 % for females and 47.7 % for males.
Among Plagioscion squamosissimus infected males dominate —
the infection extensiveness is 35.4 % in comparison to 25.4 in
females. Among Cichla piquiti there was no significant difference
of the infection extensiveness rates of two sexes — they counted
38.9 % for males and 39.6 % for females. The study of perch in the
Dnipro-Buh estuary showed no significant difference between the
infection extensiveness rates of males and females (Honcharov
et al., 2017). Monteiro et al. (2011), studying the eustrongylidosis
infection rates in cormorants, found no correlation of the infection
extensiveness or intensiveness with sex, age or weight.

This allows to conclude that the representatives of the same
aquatic species of different sexes can have different food consum-
ing biology, preferences and activity.

To sum up, the Eustrongylides infection rates clearly depend on
season and age of the fish; as for correlation between the infection
rate and sex, there is not enough data to prove it. The Eustron-
gylides nematode invades numerous hydrobionts, birds, amphib-
ians, reptiles and mammals, including humans, which tells about
biological flexibility and polyhostality of the agent.

The influence of the Eustrongylides nematodes on the host’s
organism

The Eustrongylides nematodes are mostly parasites of the gas-
trointestinal tract, where its influence is the most noticeable (Kar-
manova, 1968).This part gives an observation of scientific sources

on pathological changes in different hosts infected naturally or
experimentally

The pathological impact of the Eustrongylides nematodes in case
of natural infection

Fish-eating birds

Pathological anatomic autopsy of the big cormorants of the Biwa
lake in Japan infected with eustrongylidosis showed the nematodes
locating in the glandular stomach wall (EI-Dakhly et al., 2012). The
infection followed by hemorrhages, ulcers and microscopically de-
tected granulomatous inflammatory reactions of various degrees.
The degenerated parasites were found in the thickness of gastric
channel surrounded by connective tissue. The invasive intensive-
ness rate is noticed to be higher for female birds (EI-Dakhly et al.,
2012). Fish-eating birds with the high infection intensiveness rates
were observed to have gastrointestinal tract wall perforations and
peritonitis that could be deadly. Intestinal obstruction may occur
with this type of parasite (Franson et al., 1994). Cole R. (1999) in-
dicates inflammation of the mucous membrane of the gastrointes-
tinal tract of the fish-eating birds infected with the Eustrongylides
nematode (Cole, 1999). Channels in the thickness of the mucous
membrane were a place of location for living and dead parasites or
their fragments; perforations in the gastrointestinal tract deformed
the hollow organs which led to peritonitis (Cole, 1999). The author
of the research indicated the presence of thick-walled fibrinous
granulomas with a necrotic center and nematodes inside.

Fishes

As a result of the pathological anatomic autopsy of the fish in-
fected with the Eustrongylides nematode larvae, Goncharov et
al. (2018) reported noticeable signs of inflammation around the
encapsulated larvae: redness, compaction of surrounding tissues
and edema. Inflammatory processes were especially noticeable in
mesentery and muscles. No inflammatory processes surrounded
the capsules with the nematode larvae. The reactivity of internal
tissues and muscles to mechanical injury by parasite larvae during
migration is likely to be different. In our opinion, such phenomena
could be partly explained by the timing infection and migration in
the organism of the intermediate host (Goncharov et al., 2017).
Histology of the muscular tissue of Perca fluviatialis showed that
the nematode larvae were surrounded by a capsule. The necrosis
areas were noticed at the parasitic infection spots. Muscular tissue
was in a degenerative condition. Significant aggregation of mac-
rophages was found at the ends of the spindle-shaped capsules
and multifocal fibroepithelial granulomas formed in the capsule
thickness (Dezfuli et al., 2015). Histological analysis of Galaxias
maculatus infected with the Eustrongylides nematode larvae dis-
covered symptoms of the compressive tissue atrophy, substitution
of muscles with the elements of connective tissue, chronic inflam-
matory process with the fibrous capsule formation and intensive
melanization of the surrounding tissues (Guagliardo et al., 2019).
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According to Coyner et al., (2001) the intensively melanized gran-
ulomas on the fish’s body make it more noticeable for fish-eating
birds, which increases the chances for invading the definitive hosts
and further spreading. Histological analysis of the liver (hepatopa-
ncreas) of the fishes of the Gymnotus, genus caught in the Panta-
nala fish farms in Brazil showed that Eustrongylides sp. and other
parasitic nematodes caused destructive changes of hepatocytes
which are typical for chronic diseases, areas of extra iron accu-
mulation alternate with the areas of unchanged tissue, apoptosis
and necrosis areas were registered as well (Ventura et al., 2016).
Eustrongylides sp. parasitic activity in Glossogobius giuris caused
ovary damage characterized by destruction of the embryonic ep-
ithelium, damage to oocytes. Signs of gonade necrosis, egg lysis
and decreased yolk formation were noted. A decrease in the gona-
dosomatic index and fertility is noticeable in infected fish in com-
parison to uninfected ones (Kaur et al., 2013). The blood of preda-
tory fish infected with eustrongylidosis had a decrease of hemoglo-
bin, erythrocytes and lymphocytes and an increase of leukocytes,
rod and segmental neutrophils, monocytes (Honcharov, 2019c).
The amount of young neutrophils differed in the researched fishes:
they were absent in perches, increased in pikes and decreased
in sanders Biochemical analysis of the blood serum showed hy-
poproteinemia, hypoalbuminemia, hypoglobulinemia and dyspro-
teinemia. The ratio of protein fractions changed, namely there was
a statistically significant decrease in the content of a- and B-glob-
ulins, urea, glucose and an increase in the content of y-globulins
and transaminase activity compared to the control (Honcharov,
2019d). Morphological analysis of the blood of pikes (Esox lucius),
infected with numerous parasites including E. excisus, showed the
increased amount of neutrophils, monocytes and eosinophils; the
number of lymphocytes decreased (Fallah et al., 2015).
Eustrongylidosis of garden snakes (Thamnophis sirtalis pariey-
alis, Say 1823) showed formation of subcutaneous neoplasms,
significant curvature of the body, from the nostrils observed the
release of bloody exudate. At autopsies, helminthes infected un-
der the skin, in the lungs and body, along the spine. 7 of the 25
infected snakes did not survive. In snakes in which parasites were
transported surgically, clinical recovery was noticed (Lichtenfels &
Lavies, 1976).

Pathological impact of the Eustrongylides nematodes in case of
experimental infection

Chickens

The experimental infection with the E. tubifex nematode larvae
was successful (Brugni & Viozzi, 1999). During the experiment,
the authors observed immature parasites in the gastrointestinal
tract of chickens 22 hours after the infection. The autopsy conduct-
ed 18 days later discovered mature forms of helmints. The infected
chickens died on the 6" day of the experiment (Brugni & Viozzi,
1999). Among the blue herons (Ardea herodias) infected with the
E. ignotus nematode larvae, ataxia, exhausting, weakness ane-
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mia and hematological profile changes were noticed. Pathological
anatomic autopsy revealed peritonitis that had damaged intestine,
stomach, spleen, pancreas and liver (Ziegler et al., 2000).

Rabbits

D. Shirazian et al. (1984) and L. A. Barros et al. (2004) conduct-
ed experimental researches of invading rabbits with the Eustron-
gylides sp. nematode larvae, in part E. ignotus. They noticed in-
flammatory processes in the abdominal cavity organs, peritonitis
and granuloma formation on the liver surface. The authors also
report about hyperemia on the stomach surface with necrotic are-
as in the middle, abscesses in the abdominal cavity and parasites
in the thorax.

Rats

Experimental infection of laboratory rats with E. excisus nema-
tode larvae taken form P, fluviatialis led to changes in their clinical
condition: appetite and mobility decrease, negative dynamics of
general condition, tachypnea, abdominal wall pain (Honcharov,
2019a). Pathological anatomic autopsy showed serous-fibrinous
and purulent-fibrinous peritonitis, perforations of the wall of the
gastrointestinal tract, inflammatory processes on the stomach
and intestine walls. Microabscesses under the liver capsule, sec-
ondary pathologies of kidneys and organs of the thoracic cavity
were noticed as well. There were larvae in the lumen of the intes-
tines and in the abdominal cavity, some of them were alive, other
showed no vital signs (Honcharov, 2020a). The influence of the E.
excisus larvae taken from Rutitlis rutilis was less significant than of
those taken from predatory fishes.

Abortive course of the disease was noted: spontaneous recovery
with improvement of the clinical condition was registered. Patho-
logic anatomical analysis showed mostly serous fibrinous peritoni-
tis and several cases of purulent fibrinous peritonitis. Splenomeg-
aly was noted in some animals. Dead nematode larvae and their
fragments were found in the abdominal cavity and lumen of the
stomach and intestines. In general, nematode larvae that devel-
oped in the body of a roach as a non-specific host caused much
less pathological changes in laboratory rats’ organisms than those
taken from predatory fishes (Honcharov, 2020b, 2020c).
Honcharov (2020a) compared the living potential of the E. excisus
larvae taken from perches and roaches in the organisms of labo-
ratory rats. As a result of two researches the author noted that the
living potential of the larvae depends on a intermediate host. E.
excisus nematode larvae taken from perches and roaches differed
in color and morphometric characteristics, which allows to con-
clude that the parasite developing in the organism of unspecific
host (roach) is unable to develop enough to reach the same size
and color as in the organism of specific host (predatory fish) (Hon-
charov, 2020a).

Mice
The rise of the level of specific antibodies IgE and IgG found dur-



ing the intraperitoneal and subcutaneous injection of the laborato-
ry mice with a crude extract of the Eustrongylides spp. (L4) larvae,
which means that the larval production stages are able to cause
an immunological sensitization of the experimental mice (Kuraiem
etal., 2021).

Summary of evidence of the pathological changes in the host or-
ganisms infected with Eustrongylides spp.

So, according to the literature sources, the pathological impact of
the Eustrongylides nematodes is caused by damaging the host’s
body tissues during the larvae migration, gastrointestinal tract
organs’ damage, spontaneous and systematic inflammatory pro-
cesses, probably caused by secondary bacterial flora (Shirazian
et al., 1984; Barros et al., 2004). The inoculating effect is shown
as microorganisms located on the surface of the parasites’ bodies
get in the thickness of the host’s tissues making local inflammato-
ry processes more difficult. Under favorable conditions and with
secondary microflora involved they can lead to more pathological
processes and complications, even the death of the host (Over-
street, 2003). More detailed analysis of the pathological impact of
the parasite on the host's organism can be viewed as an object for
further research.

The danger of the Eustrongylidosis infection for humans

Eustrongylides spp. is a zoonotic parasite, which means it is dan-
gerous for humans. Infection with the eustrongylidosis takes place
if a human consumes fish or fish products that are not heat treated
enough. These infections are characterized with gastrointestinal
tract organs’ perforations and gastritis (Deardorff et al., 1991).
Guerin (1982) was the first one to officially report about a human
being naturally infected with the E. excisus nematode (Table 1).

Clinical case of eustrongylidosis was registered in 3 fishermen
form Baltimore, =MD, USA. The infection took places as they
swallowed two living minnows infected with the eustrongylidosis.
Clinical symptoms characterized by progressive spastic pains of
the stomach area 24 hours after the parasites got into gastrointes-
tinal tract (Guerin et al.,1982; Gunby, 1982).

As a surgical aid was given to the 17-year-old young man from
New Jersey with severe abdominal pains, eustrongylidosis was
diagnosed. Surgical interaction found two mature nematodes out-
side the intestine; they were identified as Eustrongylides at the
stage 4. The teen got infected as he swallowed a living fish infect-
ed with the nematode larvae. Later there was one more case of
human infection with eustrongylidosis registered in New Jersey,
this person consumed raw fish (Eberhard et al., 1989; Narr et al.,
1996).

A case of a 24-year-old student of the New York City College, who
was infected with eustrongylidosis after consuming the infected
fish in sushi and sashimi the day before reaching the medical help,
was described as acute. Alleged case of the eustrongylidosis in-
fection was reported in the state of California, USA, as the under
the skin granulomas in the chest contained the Eustrongylides
nematodes (Beaver et al., 1979).

Only isolated cases of the eustrongylidosis infection of humans
were reported outside the USA. In South Sudan two women were
registered to have an atypical course of eustrongylidosis. The par-
asites localized under the skin in granulomas in the distal segment
of the lower limbs. Granulomas had a hole which allowed nem-
atodes to contact with the outside environment (Eberhard et al.,
2014).

In case of infection of the gastrointestinal tract of humans the ap-
pendix was perforated so the helmints could get outside the in-
testine. Point hemorrhages were seen on the mucous membrane
of the colon and exudate was found in the middle of the hollow

Table 1. Human cases of eustrongylidosis infection.

Country, area, year

Researched species

Human cases Site of infection

USA, California, 1979 Eustrongylides spp.
(Beaver & Thei, 1979)

USA, Maryland, 1982 Eustrongylides spp.
(Guerin et al., 1982)

USA, New Jersey, 1989 Eustrongylides spp.
(Eberhard et al., 1989)

USA, New York, 1989 Eustrongylides spp.
(Wittner et al., 1989)

USA,New Jersey, Big Timber Creek of Belmawr,  E. ignotus

1996 (Narr et al., 1996)

South Sudan The Payam District of Jie, Kapoeta  Eustrongylides spp.

East County, Eastern Equatoria State, 2014
(Eberhard & Ruiz-Tiben, 2014)

suspected Eustrongylides Thorax

2 cases Abdominal cavity, intestine
1 case Abdominal cavity, intestine
1 case Abdominal cavity

1 case (17-year-old boy) Abdominal cavity, intestine

2 cases Distal segment of lower limbs
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organ (Guerin et al., 1982). Cases of nematode localization under
the skin in granulomas were described. These granulomas located
in different body parts, including chest and limbs and caused a
significant inflammatory reaction (Beaver et al., 1979; Eberhard
etal., 2014).

So, commercial fishes can be potentially dangerous for humans
and animals and threatening for the general epidemiological
well-being. That is why the issue of spreading zoonotic helmints,
especially those that were not previously registered on a certain
territory, requires a special attention.

Diagnostics of Eustrongylidosis
The main intermediate hosts of Eustrongylides are hydrobionts, so
the parasites are most likely to be found in them, if to believe the

literary sources.

Main methods of diagnosing eustrongylidosis

Microscopy is the most important method of laboratory diagnostics
of eustrongylidosis. Larvae and mature parasites are discovered in
the bodies of intermediate and definitive hosts as a result of autop-
sy. Analysis of the structure of the parasite’s body allows to identify
the species of the parasite. The analysis of the first intermediate
hosts, water oligochaetes of Tubificidae, Lumbriculidae and Lim-
nodrilus spp. families, is conducted via compression and further
microscopy using stereoscopic optical tools (Karmanova, 1968).
The discovered larval forms are mechanically removed from the
host’s body for their morphological structure to be observed (Kar-
manova, 1968).

The detailed description of microscopic method of diagnosing
eustrongylidosis in fishes was given by Goncharov et al. (2018).
Pathological anatomic analysis discovered the general exhaust of
the fish and significant amount of mucus on their scale. Nema-
todes are found, localizing in the thickness of the intercostal and
abdominal muscles. Less commonly, parasites are found in the
muscle tissue of the back. The larvae are placed in a dense spiral
or wide ring on the inner side of the abdominal wall in the trans-
parent capsules. Nematode larvae are also found in the tissues
of the hepatopancreas and gonads. The parasites can also freely
locate on the surface of the internal organs. They can also locate
on the stomach wall forming a capsule from the host’s tissues. In
isolated cases there were signs of inflammation around the cap-
sule: hyperemia, compaction of surrounding tissues and edema
(Honcharov, 2017b).

The autopsy of fish-eating birds as definitive hosts showed para-
sites in granulomas and walls of hollow organs (goiter, glandular
stomach, intestines), in thoracic and abdominal cavities, in thick-
ness of organs and tissues. To identify the species, the parasites
were washed in the normal saline and subjected to detailed mi-
croscopy (Karmanova, 1968).

Molecular-genetic methods are proven to be effective for identi-
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fying the taxonomy of several nematode species, including Eus-
trongylides, with high accuracy (Menconi et al., 2020). Mazzoni
et al., (2019) described genetic similarity of stage 3 and 4 larvae
as well as adult nematodes of E. excisus found in Lake Trasime-
no, Italy. Genetic methods proved to be effective for larvae stage
identification as their morphological characteristic do not allow pre-
cise species identification according to the authors. The molecular
markers are shown to be able to identify the species and specificity
regarding different hosts (Alama-Bermejo et al., 2011; Westram
et al., 2011). Spreading and identity of Eustrongylides spp. was
investigated using mitochondrial cytochrome oxidase ¢ subunit 1
(COI) and internal transcribed spacer (ITS) rDNA regions as mo-
lecular markers (Xiong et al., 2012).

Additional methods of diagnosing eustrongylidosis

Even though eustrongylidosis has no pathognomonic clinical
symptoms, the symptoms of this disease in fish can ease diag-
nosing, such as aberrant behavior, convulsions and surfacing.
The above-mentioned symptoms were registered in 67 % of fish
infected. Researchers believe that this behavior of the fish stimu-
lates predatory behavior of the fish-eating birds, so the mentioned
parasites can easily invade the definitive hosts. The abdominal
cavity increased due to parasitic accumulation. Migrating inside
small fishes the larvae can damage the muscular tissue of the tail
area and deform the spine in this area as well, so the fish can
lose their swimming ability (Coyner et al., 2001). Clinical analy-
sis of Galaxias maculatus in the waters of Patagonia (Argentina)
showed specific intensively melanized cysts formed on the fish’s
body, containing the Eustrongylides sp. larvae; the cysts visual-
ized easily (Guagliardo et al., 2019).

Some scientists offer palpation as a method of diagnosing eus-
trongylidosis in fish-eating water birds of different species (Cico-
niiformes). The research author reports that goiter and esophagus
palpation can help to discover granulomas and thickening. Using
this method helped to diagnose eustrongylidosis in 226 dead birds
of 238 researched (Spalding, 1990).

To increase the surviving potential of the eustrongylidosis in the
organisms of unspecific hosts, such as laboratory rats, Honcharov
offered injecting 1 % hydrochloric acid solution in an amount of 1
ml intragastrically for three days straight, which helped to increase
the surviving potential of the parasites to 52 % in comparison to
18 % in the control group (Honcharov, 2019a).

The available literary sources do not contain any data about an-
tibodies formation as a specific immune protection in case of eu-
strongylidosis, so it is not known whether serological diagnostic
methods can be used.

Summary of evidence of diagnosis of Eustrongylidosis

Diagnosing of eustrongylidosis on the basis of clinical symptoms is
difficult as this disease has no pathognomonic clinical symptoms



(Coyner et al., 2001). For the accurate diagnosis the laboratory
methods are used; they are based on identifying the morphological
characteristics of the parasites and on the microscopic analysis
(Karmanova, 1968; Goncharov et al., 2018). The typical morpho-
logical; characteristics of the Eustrongylide nematodes allow to
identify their taxonomy. For more detailed observation of the tax-
onomic characteristics the molecular-genetic analysis is required.
But in regular diagnostic practice light microscopy is usually used
to observe mature larvae taken from the host’s tissues during the
autopsy (Goncharov et al., 2018).

The role of ecological aspects in formation of the Eustrongy-
lidosis infection centers in nature

Anthropogenic factor leads to severe changes in the parasitical
system (MacLeod & Poulin, 2012; Perkins, 2010).The impact of
the anthropogenic factor is felt not only by the hosts, but by the
parasites whose development cycle became evolutionary more
complicated (biohelmints). There is a direct correlation between
the impact of parasites on the hosts and the density of both popu-
lations. Thus, under the influence of different ecological and envi-
ronmental factors, biological, physical or chemical, the parasitical
system is restructured from the point of view of species variety, the
biomass of parasites and hosts, etc. Anthropogenic factors provide
keeping and further development (progress or regress) of the par-
asitical systems defining their changeability and variability levels
(Davydov et al., 2011).

For example, for the Dioctophymatidae nematodes, in part Eus-
trongylides, water oligochaetes stand as hosts for the first and sec-
ond larval periods (Lichtenfels & Stroup; 1985). Increased amount
of the organic substances and their accumulation in the water
form a nutritional base for the intermediate hosts for this parasite:
mollusks, oligochaetes and other representatives of benthos. Wa-
ter pollution with the organic fragments and oversaturation of the
waters with biogenic elements are the main causes of parasitic
diseases being spread among the ichthyic fauna in the natural wa-
ters (Coyner et al., 2002). Oversaturation with pollutants leads to
eutrophication of waters that leads to death of both parasites and
hydrobionts (Spalding & Forrester, 1993; Ogden, 1994).

Special and mostly defining role in spreading the parasites among
the ichthyic fauna is played by fish-eating birds, which migrate
and spread the helmints far beyond the areas where they were
previously registered and form new centers of infection. The main
reason of changing the migration ways and the settlement periods
in migrating birds is most likely climatic conditions caused by the
global warming in the world (SvaZas et al., 2011; Menconi et al.,
2020).

Climate changes of the resent years led to shortening of the period
of time when the waters of the temperate climatic zone are cov-
ered by the ice in cold seasons, which means that the parasites
whose definitive hosts are fish-eating birds have much more time
to finish their development cycle than they used to before. Climatic

changes also change the migration time for birds and the percent-
age of birds that migrate (Root et al., 2003; Tottrup et al., 2008;
Polley & Thompson, 2009).

During the spring migration the southern birds are now able to
cross the northern border as the early spring temperature is high
enough, and to nest in the northern areas where they are not nor-
mally registered. And vice versa — as the spring migration time
gets shorter, the birds who usually nest in northern areas can set-
tle much closer to the south if cold temperatures in spring last long
(Kumari, 2012).

Within the nearest 100 years the parasites whose development
cycle includes fish-eating birds will dominate over those whose
entire development cycle takes place in the water. So the energy
and materials flow from the water to the land will increase (Gopko
etal., 2017).

Unsatisfactory hydro-chemical regime of the waters causes patho-
logical processes, in part death of the fish, depopulation and vari-
ety decrease of the ichthyic fauna, which in turn lead to temporary
nutrition spots for the fish-eating birds that are the main definitive
hosts for the eustrongylidosis. This is how both biotic and abiot-
ic natural factors can influence the population of ichthyic fauna
in certain aquatic areas. Accumulation of the fish-eating birds in
the areas with mass fish mortality increases the parasitic infection
rates among fishes in general and the eustrongylidosis infection
rates among fishes in part (Honcharov, 2019b).

The example of eustrongylidosis infection reaching potentially
epizootic scales is the case of an unprecedented decline in the
number of wetland birds over the past 40 years in North America,
Florida, due to the high mortality of fish-eating birds infected with
E. ignotus. Mortality of chicks in some colonies of wetland birds
was up to 80 % (Spalding & Forrester, 1993; Ogden, 1994).

So, prevention and liquidation of this parasitic disease in natural
waters is difficult. But it is known that the environmental conditions,
in part oversaturation of the water with the organic fragments and
temperature rates create the appropriate conditions for increasing
the population of the first intermediate host of the Eustrongylides —
oligochaetes. So the water quality is one of the defining factors for
spreading the infection among the fishes that could be potentially
affected (Cole, 1999). That is why decreasing of the anthropogenic
overload of the waters, in part pollution by fertilizers and sewage,
is one of the decisive and environmentally friendly measures that
would not only reduce the population of oligochaetes and therefore
prevalence of eustrongylidosis among the ichthyic fauna, but also
improve hydro-chemical characteristics of the waters. The impact
of migrating birds on formation of the stationary infection centers
among commercial fishes in the natural waters should be noted.
In part the centers of eustrongylidosis deserve special attention as
this disease can be potentially dangerous for humans.

Conclusion

In the given review the authors highlighted the most relevant is-
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sues related to eustrongylidosis: development biology, seasonal
and age dynamics, diagnosing etc.

The nematodes Eustrongylides spp., Jagerskiold, 1909 were first
described and substantiated as the species of the Eustrongylides
genus by Jagerskiold in 1909, as they were taken from the wa-
terfow! bird from East Africa during the autopsy. This nematode
genus has a number of specific morphological characteristics
which makes it possible to identify its taxonomy. In particular, such
features of the body structure are the presence at the head end of
two rows of papillae - six in each row.

Eustrongylides nematodes are typical biohelmints with a compli-
cated development cycle. The main definitive hosts are fish-eating
birds that spread the parasite with feces and invade the waters.
The first intermediate hosts are water oligochaetes that are infect-
ed as they swallow the nematode eggs. The parasite reaches the
stages | and Il of its development in the body of the invertebrates.
The maturing speed for eggs in the water environment direct-
ly depends on temperature. The second intermediate hosts are
mostly hydrobionts — predatory fishes that get infected with the
eustrongylidosis as they swallow oligochaetes; in their organisms
the parasites reach stages Il and IV of their development cycle.
Fish-eating birds are infected with the Eustrongylides nematodes
as they consume the infected fish and the parasite gets mature in
their bodies. Accidental and unspecific hosts for these nematodes
can be snakes, frogs, turtles, alligators and sea mammals. Hu-
mans can be infected too, if they consume fish that is not heated
enough. The possibility of infection of rats and rabbits was proven
experimentally. The distribution of larvae in the body of fish during
infection is uneven: the vast majority of parasites are localized in
the ventral part of the body, fewer larvae are found in the dorsal
part of the body of the fish. Regarding the biological characteris-
tics, the larvae can form a capsule in the fish’s body where it is lo-
cated rolled in a spiral or they can locate freely in the body cavities.
From the point of view of the biochemical characteristics of the
nematodes of the genus Eustrongylides this parasite is aerobic.
Eustrongylidosis spreading in the natural environment has a sea-
sonal character, which is defined by temperature and biological
characteristics of the nematode development cycle. In countries
with the temperate continental climate (Ukraine, Moldova) the in-
fection rates reach the peak in spring, while in countries with the
subtropical climate (Turkey, Iran) — in autumn, and in countries
with equatorial climate (Brazil, Argentina, Mexico) — in summer and
autumn. The infection rates of the fish is directly connected with
age, the older the intermediate host is, the higher are the infection
rates (intensiveness and extensiveness). Scientific literature has
no data to confirm the connection between the infection rates and
sex, but females have eustrongylidosis oftener than males.

The course of the disease was mostly acute, followed by hemor-
rhages and gastrointestinal tract perforations. Autopsy of fish-eat-
ing birds found fibrous granulomas in which living and degenerat-
ed Eustrongylides nematodes were located; peritonitis and intesti-
nal wall perforations were registered as well. Hemorrhages in the
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thickness of muscle tissue, hyperemia and compaction are noted
in fish at pathological-anatomical autopsy. Histological analysis
shows significant leukocyte infiltration of the surrounding tissues,
signs of necrosis and a connective tissue capsule formation.
Morphological analysis of the blood of predatory fishes with eus-
trongylidosis showed a decrease in hemoglobin, in the amount of
erythrocytes and lymphocytes and an increase in the amount of
leukocytes, rod- and segmental neutrophils, monocytes; biochem-
ical analysis of blood serum, in turn, showed hypoproteinemia, hy-
poalbuminemia, hypoglobulinemia and dysproteinemia, decrease
in a- and B-globulins, urea, glucose and increase in y-globulines
and transaminase activity.

Experimental infection of laboratory rats with the E. exisus nem-
atode larvae taken from perches showed tachypnea, abdominal
wall pain and worsened general condition. Autopsy showed se-
rous-fibrous and purulent peritonitis, microabscesses under the
liver capsule etc. The infection of rats with the E. exisus larvae
taken from roaches led to an easier course of the disease with
an abortive recovery. Autopsy showed mostly serous-fibrous, less
often - purulent-fibrous peritonitis. The larvae removed during the
autopsyafter the two experiments differed in color and size, those
taken from perches also tended to have a bigger living potential.
This fact makes it clear that the parasite loses its pathogenic ability
in the body of an unspecific host, such as a roach.

Eustrongylides nematodes can be dangerous for human health.
The infection is possible in case of consuming infected fish or fish
products. The biggest amount of cases of humans being infected
with the eustrongylidosis was registered in the United States. The
main clinical symptom of eustrongylidosis for humans is pain in
the abdominal cavity area. The parasite can perforate the wall of
the tubular organ of the gastrointestinal tract and be localized in
the extraintestinal space. Parasites in humans can be localized in
newly formed granulomas, under the skin.

The most commonly used method for diagnosing eustrongylido-
sis is microscopy of larvae and mature Eustrongylides nematodes
and defining their taxonomy according to morphological character-
istics. Eustrongylidosys has no specific clinical symptoms such as
increasing of the abdominal cavity, thickening of the body tissues
etc., which makes it difficult to diagnose the disease while the
host is alive. Autopsy of intermediate and definitive hosts found
larvae and mature parasites localized in the body tissues (mostly
in the muscular tissue) or freely located in the abdominal cavity.
Molecular-genetic methods are used to identify the species of the
parasite. Palpation of the gastrointestinal tract organs of fish-eat-
ing birds to find granulomas and thickenings was offered as an
additional diagnostic method for eustrongylidosis.

Oversaturation and pollution of natural and artificial water reser-
voirs with organic fragments and biogenic elements forms con-
ditions for intensive development of populations of oligochaetes
- the first intermediate hosts for the Eustrongylides nematodes —
which in turn creates a satisfactory nutritional base for fish, second
intermediate hosts who consume oligochaetes and get infected



with the eustrongylidosis. The increase in the amount of pollutants
in the waters worsens the biochemical characteristics, which can
lead to fish mortality. Mortality processes taking place locally, in
the rivers and estuaries, attract fish-eating birds — definitive hosts-
which leads to natural centers of the eustrongylide infection being
formed.

To sum up, observing special characteristics of the eustrongylide
infection is a topic of great interest for the researchers from the
point of view of the parasite-host relationships, epizootology of the
disease, impact of helmints on the host's organism and providing
the stable epidemiological well-being.
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