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Abstract

Metastrongylidosis is a parasitosis caused by several species of nematodes of the genus Metastrongylus. The development
of parasites goes through transitional hosts - earthworms. Infection occurs when pigs eat infected worms so infections are
most commonly found in organic production and extensive breeding. The pathological effect of parasites begins with
their larvae migratory movement from the lung capillaries to the lung tissue, during migration through the lung tissue,
during the stay and activity of adults in the bronchi and aspiration of parasite eggs into bronchioles and alveoli. This is
followed by the toxic effect of metabolic products of the parasite, which after resorption in the blood can lead to general
intoxication. The predilection place of parasites is the posterior parts of the diaphragmatic lobe - margo acutus and margo
obtusus. Affected animals show signs of dyspnoea and frequent vesicular respiration. In addition to the direct pathological
action of metastrongylide, they transmit several diseases of pigs of bacterial and viral etiology. Two species of these
parasites, Metastrongylus elongatus and Metastrongylus pudendotectus, have been identified in Serbia. The prevalence
of both species varies from region to region. In the north of Serbia (Vojvodina), the presence of M. pudendotectus
dominates, while in central and southern Serbia, M. elongatus is much more common. In Serbia, in individual (semi-
extensive and extensive) housing, infections are found in 34-52% of animals and in 1-3% of swine in farms.
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INTRODUCTION

With increasing demand for products
resulting from organic farming and corresponding
better animal welfare closer to natural behaviour,
animals are increasingly kept outdoors grow
posibility to have direct contact with numerous
intermediate hosts of parasites and other diseases
(Loskot V.I., et al. 1988; Pavlovi¢ I., et al.
2013,2017; Adedokun O.A., et al. 2001; Carstensen
L..et al.2002).

The dominant species of parasites in this
breeding are biohelminths and lungworms are one
of the most common. (Dunn D.R., et al.1955; Kruse
G.0O.W., Ferguson D.L., 1980; Pavlovi¢ I.,et al.
2012). Metastrongylus sp. infection is reported all
around the world in wild boars and pigs (Barutzki
D.,Richter R.,1980; Alcaide M. et al.2005; Garcia-
Gonzéalez A.M.,et al.2013; Nagy et al.,2013; Spieler
N.,Schnyde M.,2021).
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In Serbia, research on the Metastrongylus species in
domestic and wild swine has been done periodically
(Pavlovi¢ I.,et al. 1995, 1997, 2005b, 2011).

SYSTEMATICS AND DISTRIBUTION OF
METASTRONGYLUS

All Metastrongylus are in the class
Nematoda, subclass  Myosyringata,  order
Strongylata, suborder Metastrongyloidea, family
Metastrongyloidae, subfamily Metastrongylinae
and genus Metastrongylus. A total of 6 species have
been identified in this genus: Metastrongylus apri
(syn. M. elongatus), Metastrongylus asymmetricus,
Metastrongylus confusus, Metastrongylus
madagascariensis, Metastrongylus pudendotectus
and Metastrongylus salmi (Gasso, D., et al. 2014),

The geographical distribution of individual
species varies so that M.apri and M.pudentotectus
have the widest distribution. M.confusus is found in
Europe including Poland and M.salmi has been
found in South America, Europe and Africa
(Khrustalev A.V., 1981; Drozdz J., Zalewska-
Schonthaler N.,1987; Singh B.B., et al. 1989). The
last two species, M.tschiauricus and
M.madagascariensis have been described only in
feral pigs, the first species in the Netherlands and
Georgia and the second found only in Madagascar.
Most of these species persist in feral pigs so that
cross-infections occur in environments where
extensive housing (packing) is present (Corwin
R.M., Stewart T.B., 1992).
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Two species of M.elongatus and
M.pudendotectus have been established in Serbia.
The prevalence of both species varies from region
to region. The presence of M.pudendotectus
dominates in Vojvodina, while M.elongatus is much
more common in central and southern Serbia.
(Pavlovi¢ I.,et al. 1997,2005b).

BIOLOGY AND MORPHOLOGY OF
METASTRONGYLUS

The genus Metastrongylus is characterized
by a thin long whitish body, the oral cavity is small
and the oral opening is surrounded by two small
three-lobed lips. The copolar bursa is relatively
small with well-developed lateral lobes while the
dorsal lobe is small (Soulsby E.J.L., 1977). At the
time of laying, the eggs are embryonated and
wrapped in a thin membrane that swells during their
passage through the respiratory and digestive
organs of pigs, so that we find eggs with a thick
membrane in the feces.

EPIZOOTIOLOGY

Metastrongylides belong to biohelminths
whose causative agents use transient hosts for their
development and maintenance of the biological
cycle, in this case numerous types of lumbricides
(earthworms). Eggs are very resistant in the external
environment and can remain vital in a humid
environment for up to 2 years. Depending on the
external conditions, larvae are released from the
eggs, which can survive in the external environment
for up to three months but are not infectious to the
true host (Dun D.R., et al., 1955; Kruse G.O.W.,
1978; Vanparijs O., Thienpont D.,1982; Humbert
J.F., Drouet J.,1990).

The larvae become infected only when they
are eaten by earthworms - a transitional host.
Depending on the geographical environment,
numerous representatives of lumbricides persist as
intermediate hosts. In environment condition in
Serbia the dominant species of earthworms are
Eisenia foetida, E.rosea, E.veneta, Dandreobena
rubida, D. octaedra, D.subrubicunda,
Allopbophora caliginosa, A.jassyensis, A.longa,,
Octolasium complanatuum, O.lacteum, O.rebeli,
Lubricus terrestris and L.rubbelus (Trickovi¢
D.,1978; Pavlovi¢ I.,et al.2005a).

In worms, the larvae are localized in the
walls of the blood vessels of the esophagus and
foregut. Here they hatch twice and develop into an
infectious form in 10-25 days (Kruse G.O.W., 1978;
Humbert J.F.,1992). After maturation, the larvae
migrate into the blood vessels of the worms and
remain infectious in them for up to 7 years. The

larvae never leave the worms spontaneously (Ueno
H., et al. 1960; Kruse G.O.W., 1978). Only in the
case of earthworm damage (cutting during tillage,
etc.) do they come out of the earthworm and from
there reach the surface layers of the earth, where
they can live up to 2 weeks, depending on the
humidity.

ROUTES AND MODE OF INFECTION

Infection of pigs occurs orally. From the
digestive tract, the larvae reach the mesenteric
lymph nodes where they hatch. From there, they
reach the bloodstream and lungs via the lymphatic
system through the right heart. In the bronchi and
bronchioles, the larvae grow and after 24 days reach
the adult stage. The transparent period lasts 24-37
days (Dunn D.R., et al. 1955; Dunn D.R.,1957)

Young pigs aged 2-8 weeks are the most
susceptible to infection. Maximum production of
parasite eggs in the period of 5-9 weeks after
infection. In the following period, the number of
parasites decreases, but one number remains
especially in the distal parts of the lungs (Kvachadze
G.A.,1975).

PATHOGENESIS AND PATHOLOGICAL
FINDING

The pathological effect of parasites begins
with their larvae migratory movement from
pulmonary capillaries to lung tissue, during
migration through lung tissue, during stay and
activity of adults in bronchi and aspiration of
parasite eggs into bronchioles and alveoli (Dunn
D.R., et al. 1955; Drozdz J., Zalewska- Schonthaler
N.,1987). This is followed by the toxic effect of
metabolic products of the parasite, which after
resorption in the blood can lead to general
intoxication.

The degree and intensity of pathological
changes in the lungs directly depends on the
intensity of the infection. In mild infections, the
predilection site is the posterior parts of the
diaphragmatic lobe - margo acutus and margo
obtusus (Nakauchi K., et al. 1991, Iveti¢ V., et
al.2000, Sabec D.,2002). Other parts of the lungs
are also affected by severe infections (Marruchella
G.,et al.2012). Bronchiolitis, bronchitis, diffuse
pmeumonia, alveolar emphysema and connective
tissue proliferation and cellular infiltration are
observed (Iveti¢ V., et al.2000).

Some groups of lobules or groups of lobules
are voluminous, grayish-white, and rustling (lobular
emphysema) can be heard at the cross-section, and
the changes are wedge-shaped, based on a bronchus
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filled with parasites (Yoshihara S.,et al. 1990; Sabec
D.,2002).

In bronchioles and bronchi, parasites are
found in various developmental stages, either free in
mucous exudate or surrounded by cellular infiltrate
(Iveti¢ V.,et al.2003) (figure 1).

Figure 1. adult Metastrongylus sp. in bronci

In the pulmonary parenchyma, especially in
the caudal part of the diaphragmatic lobe, gray
nodules of 0.6-2 mm in size are found subpleurally,
in which a central yellow or yellow-green field
surrounded by a dark zone of connective tissue is
observed (Nakauchi K.et al.1991). This zone is
composed of larvare of parasites, cellular
infiltration ~ of  macrophages,  eosinophils,
lymphocytes and giant cells (Sasaki O.,Katsuno
M.,1983;Iveti¢ V.,et al.2003)(figure 2).

Figure 2. larvae of Metastrongylus sp. in the
pulmonary parenchyma

CLINICAL SINGS

The clinical singns of disease depends on
the degree of infection. In mild infections, they are

weakly expressed - a weak cough is most often
present. In severe infections, the symptoms appear
as early as the second week after the infection, and
are most pronounced 4-6 weeks when the disease
progresses to a chronic stage. Diseased animals
show signs of dyspnoea and frequent vesicular
respiration (Pavlovi¢ I.,et al. 1997).

At the beginning, there is a weak and later
a hoarse cough, which is in the form of an attack
when the animals have stress (running, etc.). The
mucous membranes are pale, appetite is reduced and
eosinophilia is present in the blood. Body
temperature is elevated only when secondary
infections are present (Pavlovi¢ I., et al.1997).
Metastrongylides are biological and mechanical
vectors of many bacterial and viral infections in
pigs. Influenza viruses and classical swine fever,
which infiltrate the embryos of metastrongylide egg
embryos and then persist in larvae in transient hosts
and finally infect pigs that eat earthworms with
larvae are certainly the most significant (Shope
R.E., 1941, 1958, Pavlovi¢ I.,et al.2005b,2012).
Pasteurellosis is also transmitted through
metastrongylide and several other types of bacteria.

Thanks to that, the clinical picture of
metstrongyld is additionally burdened with
secondary infections that can be drastic and cause
mass deaths of pigs (Corwin R.M., Stewart
T.B.,1992; Pavlovi¢ I.,et al. 2005).

DIAGNOSTIC METHODS

Similar to other types of endoparasites,
metastrongylides eliminate eggs in the environment
through feces or sputum. In the feces of diseased
animals, they are isolated by standard coprological
methods (sedimentation, flotation), where the
morphometric  differences between individual
species in this genus are very small, so it is most
often mentioned in the finding as Metastrongylus
spp. (similar to other strongylides) (Euzeby, 1981).

An autopsy report provides accurate
information on the type of metastrongylide present.
The morphometric differences are very clear so
there are no problems related to the determination
of the causative agent. Epizootiological data on the
types of lumbricides and the finding of
metastrongylide larvae in them is also an important
diagnostic data that allows us to determine potential
sites of infection.

THERAPY AND PROPHYLAXIS

In the control of metastrongylides, there is
a large selection of preparations that are applied by
food or injection. Neither has an effect on migratory
larvae nor is it an ovocid. Metastrongylidosis is a
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disease of pigs kept on pastures, in yards and in
general on the outlets extensively or semi-
extensively, although it will also occur in farm-kept
animals in conditions when they are kept on the
outlet. In the free keeping of pigs, the most
important but also the least feasible preventive
measure is the separate keeping of different age
categories of animals. It is desirable to avoid
contaminated pastures, and considering the length
of life of earthworms (they live 2-7 years), it is also
difficult to do, as well as avoiding mixing wild and
domestic pigs, which is even more difficult when
packing. Preventive deworming proved to be the
most effective — autumn, which is done 3-4 weeks
after withdrawal from pastures, and spring before
expulsion to pasture. All animals must be treated
(Pavlovi¢ I.,et al. 2005).
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