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Abstract 
Metastrongylidosis or pulmonary strongylidosis of pigs is a disease caused by several species of nematodes from the 
genus Metastrongylus. Metastrongylides belong to biohelminths whose causative agents use transitional hosts for 
their development and maintenance of the biological cycle, in this case numerous species of lumbricides 
(earthworms). The larvae acquire infectivity only when they eat by earthworms - intermedial host. The seasonal 
variation of microclimate conditions in the soil has a large part in the life of earthworms, and the inhibitory factors in 
their seasonal dynamics are directly related to the spread of metastrongylidosis. Overview of research conducted in 
the five-year period in the area of Belgrade it was established that the dominant species of earthworms which are 
intermediate hosts to lungworm: Eisenia foetida, Eisenia rosea, Dandreobena rubida, Allopbophora caliginosa, 
Allopbophora jassyensis, Lubricus terrestris and Lubricus rubbelus. Also, species occur as transitional hosts of 
metastrongylidosis was Eisenia veneta, Eisenella tetraedra, Allopbophora longa, Octolasium complanatuum, 
Octolasium lacteum, Octolasium rebeli, Dendrobaena octaedra, Dendrobaena subrubicunda, Dendrobaena 
mariupoliensis, Bimastus tenius and less often species from the genus Heledrillus spp. 
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1. Introduction  
 
Metastrongylidosis or pulmonary strongylidosis of 
domestic and wild pigs is a disease caused by 
several species of nematodes from the genus 
Metastrongylus. A total of 6 species of nematodes 
were found in this genus: Metastrongylus 
elongatus (syn. M. paradoxus, M. apri), M. 
pudendotectus (syn. M. brevivaginatus 
Choerostrongylus pudendotectus), M. salmi, M. 
confusus, M. madagascariensis and M 
tschiauricus [1,2,3,4,5]. Most of them have a 
cosmopolitan distribution, and Metastrongylus 
elongatu and M. pudendotectus are found in our 
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area [6,7,8,9,10]. The occurrence of infection is 
dominant in environments where extensive animal 
husbandry (herding, discharge housing) and 
housing hygiene are practiced [11,12,13]. The 
most susceptible to infection are young pigs aged 
2-8 weeks [14,15,16,17]. 
Metastrongylides belong to biohelminths, the 
causative agents of which use transitional hosts for 
their development and maintenance of the 
biological cycle, in this case numerous types of 
lumbricides - earthworms [15,18,19]. The 
biological cycle of metastrongylids was resolved 
as early as 1929, when the migratory flow of the 
larvae was established after the eggs of the 
parasite reached the external environment through 
faeces [1,2,5,17,20]. Eggs are very resistant in the 
external environment and can remain viable for up 
to 2 years in a moist environment [3,21]. At a 
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relative humidity of 95%, individual eggs remain 
viable for up to 20 months with undiminished 
vitality, while at low temperatures of -5oC to -8oC, 
vitality is maintained for up to three weeks. 
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 for the real host. The larvae 
acquire infectivity only when the larvae eat 
earthworms. Depending on the geographical 
environment, numerous representatives of 
lumbricides persist as intermedial hosts. [22,23]. 
 
2. Materials and methods 
 
During the study of the biodiversity of pulmonary 
strongylids of pigs in extensive farming in the 
territory of Serbia, carried out in the period 2008-
2015, earthworms, potential transitional hosts, 
were also examined. Study of the biodiversity of 
pulmonary strongylids and its intermediate hosts 
in the Belgrade area was carried out as a 
continuation of these studies and performed in the 
period 2015-2018. Earthworms were determined 
based on morphological characteristics 
[24,25,26,27].  
 
3. Results and discussion 
 
During examination in various parts of Serbia, 
including Belgrade area, these are the dominant 
species of earthworms: Eisenia foetida, E. rosea, 
Dandreobena rubida, Allopbophora caliginosa, 
All.jassyensis, Lubricus terrestris and L. rubbelus 
[19,20], Eisenia veneta, Eisenella tetraedra, 
Allopbophora longa, Octolasium complanatum, 
O. lacteum, O. rebeli, Dendrobaena octaedra, D. 
subrubicunda, D. mariupoliensis, Bimastus tenius 
and less commonly species from the genus 
Heledrillus spp. [19,20]. 
All mentioned types of earthworms belong to the 
class Oligochaeta. This class includes mostly 
earthworms, many species that live in fresh water 
and a small number of marine species. External 
and internal segmentation are clearly expressed, 
but without the pronounced external regional 
specializations that we find in Polychaeta [28].  
Depending on the species, their size ranges from 
0.5 mm to two meters. Unlike Polychaeta, their 
head is reduced and there are no eyes, tentacles or 
palpus on it [24,26,28].  The prostomium is a 
small rounded lobe, clearly separated from the 

peristomium, although in some species they are so 
fused that they form an inseparable unit forming a 
multi-segmented head region. They also do not 
have parapodia, although the chaetae are 
preserved, which are of different shapes, most 
often in the shape of the letter s with a thickening 
in the middle that can be shorter or longer. Short 
setae are characteristic of terrestrial species and 
are usually arranged in four groups on each 
segment ventrally ventralaterally and 
dorsolaterally. In species from the family 
Lumbricidae, the genera Lumbricus, Eisenia, 
Dandreobena and Allopbophora in each segment 
have eight chaetae arranged two each in four 
groups, so it is taken as one of the determining 
parameters [24,29]. 
The histological structure of coelom is similar to 
that of Polychaeta, namely on the surface there is 
a single-layered epithelium that secretes a cuticle 
containing fine pores through which the secretion 
of single-celled glands scattered in the epithelium 
is secreted. Beneath the epidermis is connective 
tissue and radially and transversely distributed 
muscle layers, next to which are the peritoneum. 
The septa that divide the coelom have openings 
through which the nerve chain and blood vessels 
pass, and the intersegmental fluid flow is 
regulated by muscular sphincters located between 
the two layers of the septi-deseptiment. In larger 
species, the head segment's depressions are 
elongated backwards in the form of muscle 
pockets, the contraction of which increases the 
pressure of the coelomic fluid, which enables 
easier penetration into the ground. The coelomic 
cavities are open to the external environment 
through the dorsal pores through which the 
coelomic fluid that moistens the body surface 
comes out and whose flow is regulated by 
muscular sphincters [1,2,22]. 
Most burrowing Oligochaeta feed on detritus and 
in doing so come into contact with metastrongylid 
eggs and larvae. In worms, the larvae are localized 
in the walls of the blood vessels of the oesophagus 
and the foregut, and from there, after maturation, 
the larvae migrate into the blood vessels. This is 
made possible by the morphological 
characteristics of earthworms from the 
Lumbricidae family. In them, as in other 
Oligochaeta, the intestinal tract is a real tube with 
pronounced regional differentiation. It starts with 
the oral opening in the segment behind the 
prostomium and continues into the oral cavity and 
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that into the muscular oesophagus, which in 
Lumbricidae has a protease enzyme [12,36]. There 
are also calcium glands in the oesophagus, the 
surface of which forms pockets that are connected 
to the lumen of the oesophagus by channels. The 
walls of the calcium glandular surfaces are highly 
vascularized and represent the entry point for 
metastrongylid larvae [1,2,27]. 
The blood system is a closed type and is built from 
a dorsal vessel that is separated from the intestinal 
sinus and extends the entire length of the body, then 
from a lateral sub-neural blood vessel and from two 
blood vessels laterally from the nerve chain. Dorsal 
and ventral blood vessels are connected by lateral 
blood vessels in each segment, whereby the dorsal 
blood vessel and lateral vessels play the role of a 
pulsating organ (heart) [28]. Pulsating blood 
vessels have endothelium valves that regulate the 
flow of blood so that it flows from the back to the 
front of the body in the dorsal vessel and vice versa 
in the ventral vessel. From the main blood vessels, 
the blood is drained by smaller vessels into the 
body wall and other organs, where it spills into the 
capillary network. This type of vascularization 
allows excellent even distribution of metastrongylid 
larvae throughout the worm's body. 
The degree of infection of earthworms is directly 
dependent on the species and their biological 
characteristics - the place of life above all. 
Namely, some earthworms such as Eisenia foetida 
lives in the surface layers of the soil, so their 
contact with parasite eggs and larvae is much 
more frequent than species that have vertical 
migration. According to research by Tričković 
[23] the species E.foetida, E.rosea and Lubricus 
rubbelus are most often found localized around 
manure pits and stables, while other species are 
found in orchards, yards and pastures, and they are 
usually infected with a smaller number of larvae 
in contaminated areas [1,30,31]. Earthworms are 
most abundant in moist and loose soil that is rich 
in humus and animal waste, where hundreds of 
earthworms per m2 can be found. Seasonal 
variation of microclimatic conditions in the soil 
has a large role in the life of earthworms and 
inhibitory factors in their seasonal dynamics are 
directly related to the spread of metastrongylidosis 
[19,20,32]. In worms, the larvae are localized in 
the walls of the blood vessels of the oesophagus 
and the foregut. Here, they change their clothes 
twice and in 10-25 days they develop into an 
infectious form. The speed of development is 

directly dependent on the external temperature, so 
they have the fastest maturation at a temperature 
of 22-23oC (up to 15 days), at 15-16oC it takes 
place in 21 days and at 10-11oC in 219 days 
[1,2,19,27]. Bioclimatic conditions affecting 
earthworms are directly related to the 
development of metastrongylid larvae. After 
maturation, the larvae migrate into the blood 
vessels of the earthworm and remain infective 
there for up to 7 years. The larvae never 
spontaneously leave the earthworms. Only in case 
of damage to earthworms (cutting during tillage, 
etc.) do they come out of the earthworm and from 
there reach the surface layers of the soil, where 
depending on humidity they can live up to 2 
weeks. The average number of larvae in infected 
worms ranges from 33.7 in E.foetida to 4.1 in 
All.caliginosa [20,27]. 
Pigs become infected orally when they eat 
infected earthworms [33,34]. From the pig's 
digestive tract, the larvae reach the mesenteric 
lymph nodes, where they moult and reach the 
bloodstream and lungs via the right heart via the 
lymphatic system. In the bronchi and bronchioles, 
the larvae reach the adult stage after 24 days 
[34,35]. Affected animals show signs of dyspnoea, 
frequent vesicular breathing, a weak and later 
hoarse cough that takes the form of an attack when 
the animals are stressed [36,37]. Mucous 
membranes are pale, appetite is reduced and 
eosinophilia is present in the blood. Body 
temperature is elevated only when secondary 
infections are present [11,38,39,40]. The 
predilection site of the parasite is the rear parts of 
the diaphragmatic lobe - margo acutus and margo 
obtusus, and in case of severe infections, other 
parts of the lungs. Bronchiolitis, bronchitis, 
diffuse pneumonia, alveolar emphysema, and 
connective tissue growth and cellular infiltration 
of macrophages, eosinophils, lymphocytes, 
olimorphonuclear leukocytes, and giant cells are 
noted. Certain groups of lobules are voluminous, 
grey-white, lobular emphysema is present, and the 
changes are wedge-shaped, at the base of which is 
a bronchus filled with parasites [11,36]. In 
bronchioles and bronchi, we find parasites in 
various stages of development either free in the 
mucous exudate or surrounded by cellular 
infiltrate [11,21].  
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4. Conclusions 
 
The study of i hosts of certain parasitic infections 
provides significant data on the potential 
possibility of their spread. The study of helminths 
of transitional hosts of swine pulmonary 
strongyloidosis is an under-researched field that 
should focus more attention and continue this 
research. 
 
References 
 
1. Dunn, D.R., Gentiles, M.A., White, E.G., Studies on 
the pig lungworm (Metastrongylus spp.) Observations 
on natural infection in the pig in Great Britain. British 
Veterinary Journal, 1955, 111,271-275  
2. Dunn, D.R., Studies on the pig lungworm 
(Metastrongylus spp.) II Experimental infection of pigs 
with M.apri. British Veterinary Journal, 1957, 112, 
327-331 
3. Soulsby E.J.L., Helminths, Arthropods and Protozoa 
of Domesticated Animals, Baillier Tindall and Cassell 
ed. London, 1977, pp. 371-373 
4. Pavlović I. Anđеlić-Buzadžić G., Parasitic diseases with 
basics parasitology (sr) Visoka poljoprivrеdna škola 
strukovnih studija u Šapcu, Šabac, Serbia, 2011, pp. 65-66 
5. Gassó D., Rossi L., Mentaberre G., Casas E., 
Velarde R., Nosal P., Serrano E., Segales J., Fernandez-
Llario P., Feliu C., An identification key for the five 
most common species of Metastrongylus. Parasitology 
Research, 2014, 113, 3495–3500  
6. Pavlović I.,Lončarević A., Ivetić V., Kulišić Z., 
Markić Z., Tosevski J. (1995) Sort and distribution of 
parasitary infestation in swine farms breeding. 
Macedonian Veterinary Review, 1995, 24 (1-2), 69-72 
7. Pavlović I. Rogožarski D., Parasitic diseases with 
basics parasitology and parsitology diagnostic (sr) 
Naučna KMD, Belgrade, Serbia, 2017, pp. 59-60 
8. Pavlović I., Savić B., Rogožarski D., Hadžić I., 
Bojkovski J., Ivetić V., Radanović O., Žutić M., Kulišić 
Z., Parazitska fauna svinja u ekstenzivnom držanju.  
Proc. 9th Symp. health care, selection and reproduction 
of pigs with intern.participation, 2011,   Srebrno jezero, 
Serbia, pp. 56-61 
9. Pavlović I., Savić B., Rogožarski D., Bojkovski J., 
Ivetić V., Radnović O., Žutić M., Stokić-Nikolić S., 
Jezdimirović N., Cvetojević Đ., Parasites fauna of 
swine in organic breeding. Contemporary Agriculture, 
2013, 62, 1-2, 118-126 
10. Pavlović I., Rogožarski D., Savić B., Kureljušić B., 
Dobrosavljević I., Stokić-Nikolić S., Bojkovski J., 
Jovčevski Sr., Jovčevski St., Radanović O., Helminthosis 
of pigs in free range. Proc. 15th  Symp. Health Care, 
Selection of Reproduction Pigs with Intern.Participation, 
2017,  Srebrno jezero, Serbia, pp. 63-68 

11. Ivetić V., Žutić M., Valter D., Pavlović I.,Savić B., 
Atlas of pathomorphological changes in swine diseases 
(sr) NIVS Belgrade, Belgrade, SRJ, 2000, pp. 79-81 
12. Serra Freıre N.M. ,Sıqueıra L.F.G.,Consorte L.B.S., 
Incidence of species of Metastrongylus (Nematoda: 
Protostrongylidae) in swine from the State of parana, 
Brazilian Arquivo de la Universidade Federal Rural do 
rio de Janeiro, 1982, 5, 111-114  
13. Syrjälä P, Oksanen A, Hälli O, Peltionemi O, 
Heinonen M., Metastrongylus spp. infections in a 
farmed wild boar in Finland. Acta Veterinaria 
Scandinavica, 2010, 52:S21 
14. Lidndquist W.D., Nematodes, Acantocephalides, 
Trematodes, and Cestodes, U: A.H.Dunn i A.D.Leman: 
Disease of Swine, The Iowa State University Press, 
Ames, USA, 1978, pp.780-815 
15. Kruse G.O.W.,Ferguson D.L., Continued studies of 
the porcine lungworm Metastrongylus apri (Ebel,1777) 
Vostokov 1905 (Metasstrongylidae:Nematoda) 
Veterinary Medicine Reviev,1980, 2, 113-130  
16. Carstensen L, Vaarts M, Roepstorff A., Helminth 
infections in Danish organic swine herds. Veterinary 
Parasitology, 2002,106, 253–264 
17. Garcia-Gonzaléz AM, Pérez-Martín JE, Gamito-
Santos JA, Calero-Bernal R, Alonso MA, Frontéra 
Carion EM., Epidemiologic study of lung parasites 
(Metastrongylus spp.) in wild boar (Sus scrofa) in 
southwestern Spain. Journal of Wildl Disease, 
2013,49,157–62 
18. Kruse G.O.W., Studies of the life cycle stages of 
the porcine lungworm Metastrongylus apri Gmelin 
1790 (Nematode:Metastrongylidae), Proceding of 
Nebraska Academy of Science, 1978, 88, 15,  
19. Pavlović I., Kulišić Z., Mišić Z., Lumbricidae -
intermediate hosts of pig metastrongylidosis (sr). 
Veterinarski glasnik, 2005, 59 (5-6), 521-527 
20. Pavlović I.,Hudin V., Pupavac S., Stevanović Đ., 
Kulišić Z., Stevanović S., Metastrongyllidosis of swine 
(sr). Zbornik naučnih radova Instituta PKB 
Agroekonomik, 2005, 11 (3-4), 133-142 
21. Taylor MA, Coop R, Wall RL. Veterinary 
parasitology. 4th ed. West Sussex: Wiley and 
Blackwell; 2016. 
22. Preston K.S.,Switzer W.P.,Failure of lungworm-
larvae-infected earthworms to transmit mycoplasmal 
pneumonia to swine. Veterinary Microbiology, 1976, 1, 
15-18 
23. Tričković D., Contribution to the knowledge of 
metastrongylosis in pigs in the territory of the 
municipality of Knjaževac (sr). BSc thesis, Faculty of 
Veterinary Medicine, University in Belgrade, 1976 
24. Sims R.W., Gerard B.M., Earthworms, The Linnean 
Socciety of London and The Estaurine and Coastat 
Scientific Association, London, UK 1999, pp.32-34 
25. Hale C., Earthworms of the Great Lakes. Kollath-
Stensaas Publishing, Canada, 2013, pp.23-24 



 
 

 
Pavlovic I. et al./Scientific Papers: Animal Science and Biotechnologies, 2024, 57 (1) 

 
 
 
 

 

 
 

241 

26. Sherlock E, Key to the Earthworms of the UK & 
Ireland by (1st edition), FSC Publications, Telford,UK, 
2014, pp.14-17 
27. The WormWatch National Earthworm Survey. 
https://www.naturewatch.ca/wormwatch/ 
28. Krunić M.: Zoology of invertebrata (sr). Naučna 
knjiga Belgrade, SFRJ, 1981, pp.231-235  
29. Savić B., Stevančević O., Swine Disease (sr). 
Agriculture Faculty, Universiti in Novi Sad, Novi Sad, 
Serbia, 2022, pp.214-215 
30. Humbert J.F., Histopathologic study of the host-
parasite relationship: the earthworm-, wild boar-
metastrongyle model. Reviews in Science and 
Technology, 1992,11, 1063–1070 
31. Lončarević A., Maričić Z., Tosevski J., Pavlović I., 
Basics of systematic health monitoring and 
programming of health care of pigs in intensive breedig 
In: A. Lončarević: Health care of pigs in intensive 
breeding (sr), NIVS Belgrade,SRJ, 1997, pp. 517-523 
32. Pavlović I., Savić B.,  Rogožarski D., Bojkovski J., 
Ivetić V.,Martinov R.: Uticaj parazita u nastanku 
respiratornih oboljenja  svinja -  predlog rešenja. Proc. 
8th Symp. health care, selection and reproduction of 
pigs with intern.participation, 2011,   Srebrno jezero, 
Serbia, pp. 30-33 
33. Loskot V.I., Voronov A.N., Semenkov L.D.,  
Parasitoses of pigs in breeding herds and fattening 

houses, Sbornik Nauchnykh Trudov Leningradski 
Veterinarny Institut, 1988, 94, 45-48   
34. Nakauchi K.,Nakajima H.,Okabe M.,Nakajima M., 
Parasitological and pathological findings in marginal 
emphysema of pig lungs, Journal of JapanVeterinary 
Medicine Association,1991, 44, 248-251 
35. Vujić, B., NIVS report on the project of Republic 
Ministry of Science: Investigations of the parasitic fauna 
of pigs in Serbia and the fight against the most important 
species. NIVS, Belgrade, Serbia,1976, pp.23-25 
36. Ivančević N., A contribution to the knowledge of 
lung pathology of white pigs (Prilog poznavanju 
patologije pluća belih svinja) PhD thesis, Faculty of 
Veterinary Medicine, Univesity in Belgrade, 1962 
37. Hudina V., Pavlović I., Kulišić Z., Nešić D., The 
importance of housing hygiene in the prevention of 
parasitic infections of pigs in farm conditions. Proc. VI 
Symp. DDD in Envron.Prot., Donji Milanovac, 268-
270, 1995 
38. Kvachadze G.A., Age variations in Metastrongylus 
infection in pigs in the Georgia SSR, Gruzinskogo 
ZootechnichkoVeterinarnie Ucheno Issledovanie 
Institute, 1975, 39, 320-322 
39. Pavlović I.,Kulišić Z., Vujić B., Parasitic Disease. In: 
A. Lončarević: Health care of pigs in intensive breeding 
(sr).  NIVS Belgrade, Belgrade, SRJ, pp. 157-202 
40. Šabec D., A color atlas of swine diseases (sl). Littera 
picta doo, Ljubljana, Slovenia, 2022, pp.131-132.

 


