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Abstract 

A total of 61 faecal samples were collected from Przewalski horses in Hortobágy National 

Park, Hungary and examined with flotation, Proudman, larva culture and modified 

Baermann methods.  

The strongyle type eggs occurred in 61 faeces. All horses were infected with small 

strongyles. The L3 of Strongylus vulgaris and Strongylus equinus were found in 6 (9.84%) 

and 10 (16.40%) samples, respectively. The third large strongyle species, Strongylus 

edentatus was detected in three samples (4.90%.). One horse was infected with S. vulgaris 

and S. equinus. The tapeworm eggs occurred in the samples of 5 (8.20%) horses.  

These findings provide newer valuable insight into the parasitic burdens of untreated 

Przewalski horses kept in Hortobágy. 
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Összefoglalás 

 

A hortobágyi Nemzeti Parkban tartott Przewalski lovak közül 61-től történt bélsárminta 

gyűjtése és vizsgálata felszíndúsítási, Proudman, lárvatenyésztési és módosított Baermann 

módszerrel.  

Az összes mintában előfordultak strongylida-típusú peték és kis strongylidák harmadik 

stádiumú lárvái (L3). Hat (9,84%) és 10 (16,40%) mintában voltak Strongylus vulgaris ill. 

Strongylus equinus L3-ak. Strongylus edentatus L3-ak 3 (4,90%.). mintában fordultak elő. 

Egy ló a kis strongylidák mellett S. vulgaris-szal és S. equinus-szal volt fertőzött. 

Galandféreg petéket 5 (8,20%) állat mintájában lehetett találni.   

A vizsgálat során kapott eredmények újabb adatokat szolgáltatnak a Hortobágyon tartott, 

kezeletlen Przewalski lovak belső élősködői okozta fertőzöttségéről.  
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1. Introduction 
 
Hortobágy National Park, situated in eastern Hungary within the Great Hungarian Plain, is 

the country’s largest protected area, spanning over 800 square kilometers. Known for its vast 

grasslands, wetlands, and alkaline soils, this UNESCO World Heritage site features a 

cultural landscape shaped by over 2,000 years of traditional grazing. The treeless, alkaline 

grasslands, which have existed since the late Pleistocene, provide an ideal setting for grazing 

and wildlife. 

To maintain the landscape, the park is grazed by a herd of reconstructed aurochs, which play 

a key role in habitat management. The area is home to a variety of wildlife, including wild 

hares, foxes, roe deer, and wild boar. Today the park focuses on conservation, protecting 

local species and reintroducing endangered animals. 

 

 

An essential initiative in the park is the reintroduction of Przewalski’s horses to the Pentezug 

steppe, a semi-wild environment designed to replicate their natural habitat. Starting with just 

12 horses in 1997, the population has grown to 300 through natural breeding. This success 

is due to careful genetic management, with horses originating from different European areas 

to ensure a robust gene pool. This diversity not only strengthens the herd but also provides 

valuable data for scientific studies on the species’ history and health. The success of the 

Przewalski horse reintroduction project shows Hortobágy's importance as a place for 

research and conservation. The park’s management also considers the region’s unique 

climate and soil, helping the horses survive and adapt in a semi-natural environment. 

 

 

This study aimed to investigate the intestinal parasite community present in the Przewalski’s 

horses at Hortobágy National Park. Another important objective was to compare the parasite 

diversity of this semi-wild population with information from earlier published research. 
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2. Literature review 
2.1.  History of Przewalski horses  
 
 
The Przewalski’s horse (Equus ferus przewalskii), a subspecies of the extinct wild 

horse Equus ferus, is the last surviving true wild horse. It is genetically unique from the 

domestic horse (Equus ferus caballus), possessing 66 chromosomes, whereas domestic 

horses have 64 [1]. While Przewalski’s horses and domestic horses can interbreed to produce 

fertile hybrids, the additional chromosomes reflect a significant evolutionary difference [1–

3].  

Physical characteristics also set the Przewalski’s horse apart: stocky with a large head, they 

have erect manes without forelocks and short guard hairs along the dock, traits unseen in 

domestic horses (Figure 1).  

 

                          

Figure 1 Przewalski's wild horse (copyright Mark Kostich) 

Their dun brown coats, with dark manes, tails, and distinctive dorsal stripes and leg 

markings, are typical [3]. Once widely spread across the Eurasian steppe, this species had a 

natural range stretching from the Russian Steppes to northern China [1]. Large herds of wild 

horses were common during the late Pleistocene across Europe, Asia, and North America, 

but by the end of the Ice Age, changing climates drastically reduced their range, leading to 

extinction in North America [2]. In Asia, Przewalski’s horses survived but faced increasing 

pressures from overhunting, competition with livestock, and habitat loss, confined by the 

late 19th century to a small area near the present Chinese-Mongolian border [1, 3]. 
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The last wild Przewalski’s horse was sighted in 1969, marking their extinction in the wild. 

By then, 53 horses had been captured and brought to Europe, but only two more were caught 

after the initial capture expeditions in the late 19th and early 20th centuries [3]. This founding 

population, supplemented with a few additional horses, formed the basis of the entire captive 

population. Following World War II, a genetic bottleneck reduced the population further; 

only 12 of the 31 surviving horses contributed to the gene pool, resulting in a loss of genetic 

diversity and some evidence of inbreeding depression, which slowed population growth. 

 

Conservation efforts saw the captive population reach nearly 1,500 by the 1990s, with 

reintroduction projects underway [2]. These efforts included establishing semi-reserves 

globally, such as Hortobágy National Park in Hungary, which aimed to mimic natural 

environments to prepare some individuals for reintroduction [1, 4]. Managed in harems 

groups of a stallion with mares and their offspring, similar to their natural structure. 

Przewalski’s horses leave their natal groups at around 2 to 4 years of age [3]. By 2012, the 

worldwide population reached 5,000, and by 2018, the International Studbook recorded 

2,444 individuals in captivity and reintroduction sites, comprising 1,087 males, 1,343 

females, and 14 of unknown sex [1]. 

Currently, about 2,500 Przewalski’s horses are housed in approximately 112 breeding 

centers and zoos across the globe [5]. Despite the small initial population, captive breeding 

programs have allowed the species to persist. However, challenges remain, such as 

maintaining genetic diversity, managing the impacts of inbreeding, and monitoring for 

potential hybridization. Key conservation strategies include selective breeding, habitat 

management, and disease monitoring to ensure that these resilient animals continue to thrive 

both in captivity and in reintroduction sites worldwide [1]. 

 

2.2. Endoparasites of horses 

Equidae harbor a diverse range of nematode parasites, often hosting multiple helminth 

species simultaneously, which creates a complex parasitic fauna within each animal [6, 7]. 

Grazing promotes ecological diversity but also inevitably exposes horses to gastrointestinal 

helminth infections [8–10]. Grazing on pastures containing egg-contaminated faeces 

facilitates the spread of gastrointestinal nematodes, leading to an accumulation of parasites 

from which infective third-stage larvae (L3) emerge and subsequently infect horses through 
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the common faecal-oral transmission pathway [9–11]. The severity of parasite loads is 

significantly influenced by factors such as age and immune response, which play a crucial 

role in determining a horse's susceptibility to heavy parasite infections [10]. 

Internal parasites in horses represent a major health concern, with lasting effects on their 

overall well-being [9, 12, 13]. Diseases caused by helminths typically develop gradually and 

are often characterized by a chronic course [11]. Subclinical infestations frequently occur 

without detection, even though helminth infections contribute significantly to global 

economic losses and are associated with increased illness and death rates [11, 12]. Parasitic 

infestations can lead to gastrointestinal issues, including anaemia, diarrhoea, and colic, 

which collectively hinder the intake and absorption of essential nutrients [10, 12–14]. 

Consequently, infected horses experience slowed growth, decreased fitness, and reduced 

athletic performance, with young foals being particularly susceptible to weight loss and 

stunted growth [10, 12, 15]. 

 

2.2.1 Nematodes in general 

 

Representatives of the phylum Nematoda, commonly referred to as roundworms, constitute 

the most abundant and varied group of animals on Earth. They can be classified into three 

main categories: free-living species that inhabit marine, freshwater, and soil environments; 

species that parasitize plants; and those that infect both domesticated and wild animals, 

including humans [11, 16–18]. Globally, nematode parasites affecting horses are classified 

into seven suborders, 12 families, 29 genera, and 83 species. The family Strongylidae makes 

up the majority of these parasites, encompassing 19 of the 29 genera and 64 of the 83 species, 

and is recognized as the most common and harmful group of nematode parasites in horses 

[7]. 

 

2.2.1.1 Small strongyles 

Small strongyles, or Cyathostomes, are a subgroup of strongylid nematodes belonging to the 

Family Strongylidae and the Subfamily Cyathostominae. Identified by their cylindrical or 

ring-shaped buccal capsule, Cyathostomes comprise over 50 species, making them the most 

prevalent parasite category in equids [7, 19–22]. In horses, this parasitic group often 
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constitutes 95-100% of the total parasitic load [19]. Survival for extended periods, both on 

pasture and within the horse, enables well-adapted small worms to thrive in equine 

populations across diverse climatic condition [23]. Reddish in colour, these worms typically 

measure under 2.5 cm in length, which is the origin of their common name [23].  

 

The life cycle is direct (Figure 2). Eggs released by adult female worms are expelled in the 

faeces. The first-stage larvae progress through two moults to develop into the infective third 

stage [16, 23–27].    

                  
Figure 2 Life cycle of cyathostomins (copyright 2009 Corning; licensee BioMed Central Ltd.) 

 

Fatal in up to 50% of cases despite prompt treatment, the acute larval cyathostominosis is 

marked by considerable weight loss, subcutaneous oedema, intense colitis, and diarrhoea.  

This condition is associated with the rapid emergence of numerous cyathostome larvae from 

the wall of the large intestine during late autumn to early spring, leading to severe 

inflammatory enteropathy [6, 10, 21, 26, 28–30]. Penetration of the wall of the large intestine 

occurs when infective third-stage larvae (L3) ingested from pasture enter the tissue, where 

development continues before they reemerge and mature into adults within the intestinal 

lumen.  

 

Accurate observation and identification of parasites in properly collected specimens are 

essential for the definitive diagnosis of parasitic infections, with direct microscopic 



10 
 

examination as the preferred method. In faecal examinations using the flotation method, 

thin-walled, ellipsoidal 'strongyle-type' eggs, measuring 70-90 µm in length, are commonly 

detected [16, 25]. However, diagnosing small redworms with certainty is challenging, as 

their nonspecific symptoms closely resemble those of other diseases, often making post-

mortem examination necessary for definitive identification, as supported by this study [23, 

31] . Focusing on infective stage larvae, numerous studies have been conducted to enhance 

understanding of their prevalence and basic morphology [22, 32, 33] . Based on the flotation 

test results, faecal cultures are employed for species identification, utilizing methods such as 

the Baermann technique to analyse the morphology of L3 larvae [22, 33]. Identification of 

cyathostomin species at both adult and L3 stages is widely recognized as challenging. 

However, key morphological features including total length, body width, oesophagus, gut, 

tail sheath, serve as primary criteria used to differentiate infective third-stage larvae [22, 32, 

33]. L3 larvae of cyathostomins are characterized by an average length of around 800 µm 

and are categorized by size as small (731–773 µm), medium (773–828 µm), or long (828–

886 µm). They possess eight triangular intestinal cells and a short, stumpy tail [22, 32, 33].  

Diagnosis relies on a combination of clinical signs, such as weight loss or a dull coat in mild 

cases, along with faecal examination and necropsy findings [34]. More severe clinical 

symptoms, including lethargy, rapid weight loss, debilitation, and diarrhoea, can be 

associated with high populations of adult worms [23].  

 

A prior study investigating the biology, clinical significance, and treatment of equine 

cyathostomins found these parasites in most surveyed horses, with prevalence ranging from 

over 70 percent to 100 percent, and individual animals frequently hosting multiple species 

[23, 33]. Similar extensive insights into the prevalence and diversity of cyathostomin species 

are provided by various studies, identifying 17 distinct species as the most prevalent [35, 

36]. Additionally, the seasonal rise in strongyle-type egg counts during summer and autumn, 

followed by a decline in spring and winter, is documented in the study [10].  
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2.2.1.2 Large strongyles  

Large strongyles, classified within the Family Strongylidae and the Subfamily Strongylinae, 

are distinguished by their globular buccal capsule [22]. Strongylus vulgaris, Strongylus 

edentatus  and Strongylus equinus are intestinal parasitic nematodes that affect equids 

worldwide, sharing common traits such as a grayish-red coloration and lengths ranging from 

2.5 to 5 cm [30]. Each species has distinct features, with S. vulgaris reaching 1.5 to 2.5 cm 

and possessing two rounded, ear-shaped teeth. S. edentatus, which measures from 2.5 to 4.5 

cm, lacks teeth entirely. The largest, S. equinus, ranges from 2.5 to 5 cm and has three conical 

teeth, including a larger bifid tooth located dorsally [16, 24, 25]. Their direct life cycle 

(Figure 3) includes prepatent periods that vary, with S. vulgaris lasting 6–7 months, S. 

edentatus 10–12 months, and S. equinus 8–9 months [37]. 

 

Figure 3 Life cycle of large strongyle in horses (copyright by Bimeda UK 
https://www.bimedaequine.co.uk/disease-information/large-strongyles) 

  

Adult worms living in the lumen of the large intestine produce thin-shelled eggs containing 

an 8-16 cell morula, measuring roughly 70-90 μm in length and 40-50 μm in width [16, 37]. 

Once excreted in the faeces and exposed to the external environment, these eggs hatch into 

first-stage larvae (L1) under temperatures between 12°C and 39°C, provided sufficient 

moisture [27, 37]. The larvae undergo two molts, progressing to the L2 and then the infective 
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L3 stage. In favorable summer conditions, the development of eggs to the L3 stage typically 

takes about 10 days to two weeks after being expelled. L3 larvae maintain a protective outer 

sheath, which increases their resistance to cold and dehydration. After leaving the faecal 

mass, they persist on the pasture until a suitable equine host consumes them. Once ingested, 

the L3 larvae travel to the small intestine, shed their outer sheath, and initiate the internal 

stage of their development [27, 37].  

Large intestine parasites, particularly those in the Strongylinae subfamily, are among the 

most destructive parasites affecting horses, with foals and yearlings being especially 

vulnerable [25]. Because of the potentially severe effects of S. vulgaris larval migration 

within the gastrointestinal arterial blood supply, large strongyles, especially S. vulgaris, are 

considered the most harmful strongyle species in horses [22, 37–40].  S. vulgaris, recognized 

as the primary cause of verminous arteritis, triggers thromboembolic changes within the 

mesenteric vessels, resulting in intestinal stasis, colic with a high risk of mortality, and 

gangrenous enteritis, frequently leading to necrotic regions in the affected tissues [9, 13, 22, 

37]. Furthermore, detached thrombi blocking the iliac artery can lead to lameness [22]. 

Seasonal differences were also observed, with larger numbers of S. vulgaris collected from 

arteries during winter and spring [40]. Hemorrhagic nodule formation in the walls of the 

peritoneum, cecum and colon occurs as the L3 larvae of S. edentatus undergoes extensive 

migration to the liver via the hepatic portal system to the peritoneum [22, 27]. The larvae of 

S. equinus migrate from the liver directly across the peritoneal cavity. Hemorrhagic tracts 

result from active migration within the liver, during which the larvae invade the pancreas. 

Migratory larvae also tend to wander retroperitoneally, reaching the flanks, diaphragm, 

omentum and sporadically the lungs [22, 27, 41]. Acute signs are associated with larval 

migration and typically appear within the first few weeks after infection. Influenced by the 

quantity of larvae ingested, as well as the host's age and prior exposure, the intensity of 

symptoms can vary [37, 41]. 

Signs and symptoms provide insufficient diagnosis, so diagnostic methods typically rely on 

faecal flotation, where samples are centrifuged or left to settle, enabling eggs to rise to the 

surface for easy collection and microscopic examination [37, 42]. However, since 

morphological distinctions between eggs of the strongyle-type from various species are 

impossible, faecal samples undergo culturing by using the Baermann method to promote 

development to the infective L3 larval stage, which can be distinguished by the morphology 

of their larval intestinal cells [21, 27, 37]. While standard diagnostic techniques to detect 

strongyle eggs through faecal flotation are limited for surveillance purposes due to the long 
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prepatent period of S. vulgaris, which spans 6–7 months [21]. Morphometric features of 

third-stage larvae of strongylid nematode species, identified by faecal culture, include total 

body length, width, oesophagus, gut and tail sheath, as well as the number and shape of 

intestinal cells. Notably, the number of intestinal cells in infective L3 larvae varies among 

species, with S. vulgaris having 32 triangular intestinal cells (IC), S. equinus having 16 

triangular intestinal cells, and S. edentatus having 18–20 indistinct intestinal cells [27].  

Various studies on endoparasitic infections have highlighted the prevalence and impact of 

large strongyles in equine populations [38]. Estimated to harbor in 45 to 90 percent of horses, 

S. vulgaris is one of the best-known large strongyles due to its association with life-

threatening colic and other severe health issues [9]. Numerous studies have emphasized the 

importance of adaptive immunity in Przewalski’s horses and other equids, particularly in 

relation to S. vulgaris [38]. Although the prevalence of Strongylus spp. has significantly 

decreased due to regular antiparasitic treatments, the parasite remains widespread, with S. 

vulgaris showing variable regional prevalence rates from 58.3 to 95.8 percent in the Askania 

Nova Biosphere Reserve, Ukraine and 16.7 percent in the Orenburg State Nature Reserve, 

Russia [30, 34, 36]. S. vulgaris is still commonly found in the United States and southeastern 

Europe despite these treatments [34]. A post-mortem examination of 87 horses revealed 

gross arterial lesions in 95.4 percent of the animals, attributed to S. vulgaris larvae [39].  
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2.2.1.3 Tapeworms 

Within the phylum Cestoda, horses act as final host for several species in the family 

Anoplocephalidae [38, 43]. Anoplocephala perfoliata typically inhabits the cecum and distal 

part of small intestine, whereas Anoplocephala magna and Paranoplocephala mamillana are 

found in the small intestine. In veterinary medicine, A. magna and A. perfoliata are of 

considerable relevance due to their impact on equine health, while P. mamillana remains 

relatively uncommon [16, 21, 43, 44].  

 

Grazing on heavily contaminated pastures, equids are commonly exposed to tapeworms [21, 

25, 27, 44, 45]. The adult A. perfoliata is approximately 5–8 cm in length, whitish, and 

flaccid, it has a finely segmented body composed of short proglottids. Containing a single 

set of male and female reproductive organs, the broader-than-long segments (proglottids) 

feature genital openings positioned on the same side of each narrow proglottid [16, 21, 27, 

46, 47]. Characterized by ear-shaped lappet-like swellings just behind each of four suckers, 

the smooth and rounded scolex of A. perfoliata, lacks a rostellum and hooks, gives the 

parasite a distinctive appearance [16, 25, 27]. Mature tapeworms are classified by the 

presence or absence of eggs in their terminal proglottids, with gravid adults containing eggs 

and non-gravid adults lacking them [21, 46, 47].  

The indirect life cycle of Anoplocephalae tapeworms includes oribatid mites as intermediate 

hosts, which carry the infectious cysticercoid metacestode, with a prepatent period lasting 

between 6 and 10 weeks [16, 44]. Mature tapeworm proglottids are shed in equid faeces, 

disintegrating to release eggs. Consumption of released eggs by the intermediate host, 

followed by development into the cysticercoid stage over 2 to 4 months, completes the larval 

phase of the tapeworm’s life cycle (Figure 4).  
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Figure 4 A. perfoliata life cycle (copyright Jacqueline B. Matthews, Natalia Peczak and Kirsty L. Lightbody) 

 

Grazing horses may inadvertently ingest infected forage mites, leading to the establishment 

of adult tapeworms in the intestines within one to two months after ingestion [16, 44, 46].  

Asymptomatic in most cases, tapeworm infections often show no noticeable symptoms 

[43]. However, tapeworm infestation is a global concern and is associated with to two types 

of colic, namely spasmodic colic and ileal impaction colic, primarily caused by the parasite's 

preference for the ileocecal junction [6, 21, 48]. In cases where significant intestinal 

pathological changes occur, symptoms such as unthriftiness and enteritis may develop. 

Pathogenic effects are generally linked to worm burdens over 20 individuals, increasing the 

risk of intestinal and peritoneal impactions, which may lead to intestinal perforation and 

potentially fatal outcomes [21, 25, 45].  

 

Traditionally, diagnosis of equine anoplocephalosis has relied on coprological methods, with 

flotation techniques employed to detect tapeworm eggs in the faeces of infected horses [6, 

45, 48, 49]. However, a major challenge in coprological analysis is the irregular release of 

proglottids from adult worms. Since these worms lack a uterine opening, egg excretion 

occurs unevenly, resulting in inconsistent egg distribution and making detection highly 

variable [21, 45, 46].  In addition, diagnosing A. perfoliata is challenging due to the low 

sensitivity of coprological methods but also to the relatively low worm burdens, typically 

insufficient to cause clinical disease [21].  
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Due to challenges in diagnosis, a study by Proudman employed a centrifugation/flotation 

faecal egg count (FEC) method, identifying A. perfoliata as a contributing factor to ileocecal 

colic, with an incidence reported at 24 cases per 100 horses [50]. Additionally, a second 

study demonstrated that the sedimentation-flotation method, with a sensitivity rate of 

72.41%, was notably more effective in detecting A. perfoliate positive samples, yielding 21 

positive faecal samples (58.33%) compared to flotation with 6 samples (16.66%), 

decantation with 3 samples (8.33%), and McMaster’s technique with only 1 sample (2.77%) 

[51]. A review [21] describes conventional methods, including the McMaster, 

sedimentation, and flotation techniques, with reported sensitivities of 0–8%, 8%, and 17–

21%, respectively. In contrast, modified techniques like the Modified McMaster, Cornell–

Wisconsin, and sedimentation/flotation methods showed significantly higher sensitivities, 

reaching up to 62% [21]. 

 

Previously, equine tapeworms received little attention, but reports highlighting their clinical 

impact on horses have since brought them into focus [45]. Across multiple studies, the 

prevalence of A. perfoliata in equine populations has been thoroughly examined. One study 

reported that 62% of 138 horses had adult A. perfoliata present in the caeca [40].Another 

study found this cestode species in 41.7% of horses, with an infection intensity ranging from 

2 to 177 specimens; notably, A. perfoliata had not been recorded in the Askania Nova 

Biosphere Reserve prior to 1999 [36]. In certain cases, infections consist solely of juvenile 

populations, which have accounted for up to 20% of infections in some instances [52].Most 

infections typically involve mixed or adult-only populations; however, research has shown 

that only a small percentage (16–17%) of adult tapeworms are gravid and actively releasing 

eggs [21].In a separate survey, A. perfoliata was recorded in just 14.3% of Przewalski’s 

horses, reflecting variability in infection rates among different equine groups [49]. 
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3. Materials and Methods 
3.1. Study area 
 

The Pentezug Reserve, a central region within Hortobágy National Park (HNP), covers 3,000 

hectares in Eastern Hungary, situated at coordinates 47°31'03.300" N and 21°05'34.100" E. 

It is fenced with electric barriers that allow native wildlife such as wild boars, hares, foxes, 

and roe deer to move freely while containing the horses. This area experiences a semi-arid 

continental climate with four distinct seasons, an average yearly temperature of 10°C, and 

annual rainfall of about 550 mm. Przewalski’s horses in the reserve live without 

supplemental food, water, or medical treatment. In 2004, a Wild Animal Park was 

established in Hortobágy-Malomháza, featuring a special breeding group of Przewalski’s 

horses from genetic lines underrepresented in the Pentezug population [4]. 

 

3.2.  Materials 
The study was conducted from October 2023 to March 2024. A total of 61 fresh faecal 

samples were collected. The first collection, performed on October 14, 2023, included 31 

samples. The faeces were randomly gathered from the grazing field. As the horses in this 

population were wild and unaccustomed to human presence, it was not possible to identify 

individual animals. To ensure the freshness of the gastrointestinal samples, their warmth and 

moisture were verified. 

 

The second sampling took place at the end of January 2024 and included 30 manure samples. 

Detailed information was recorded for each horse, such as name, age, sex, and placement. 

Among these, 23 samples were gathered immediately after observing the grazing horses to 

ensure the faecal masses were fresh and recently passed. Eleven of these 23 collections came 

from a horse group in the Pentezug area of Hortobágy National Park, consisting of 3 males 

and 8 females aged 2–13 years. The other 12 samples were taken from a special breeding 

group of Przewalski’s horses in Malomháza, wild animal park, including 5 males and 7 

females aged 1–18 years. The remaining 7 of the 30 faecal specimens collected during the 

second sampling in January were taken from a group of horses kept in quarantine between 

November 2023 and March 2024. This group included 6 females and 1 male aged 2–10 

years, awaiting shipment either abroad or to zoos.  
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A strict sampling procedure was followed to ensure no contamination during the collection 

of faecal samples. Disposable gloves or plastic bags were used to promptly collect faecal 

masses after defecation, with freshness verified by their warmth and moisture. Small 

portions were taken from multiple faecal balls within a pile to account for uneven egg 

distribution. Each sample was sealed with air removed to prevent egg hatching and labeled 

with identification numbers and the date of collection. 

 

After sampling, the faecal samples were placed in a cool, shaded box to shield them from 

direct sunlight and promptly transported to the Parasitology Laboratory at the University of 

Veterinary Medicine in Budapest. During transportation, the specimens were kept cool, and 

upon arrival, they were refrigerated to maintain their viability. Prior to coproscopic 

examination, all samples were stored at +4°C for 1–2 days. 

3.3.  Methods  
 
 The laboratory examinations began by measuring the exact weight of each sample. In some 

cases, the sample quantity was insufficient to apply multiple methods. The methods involved 

enrichment processes, where detection of eggs was achieved by mixing faeces with a 

solution. In the flotation method, worm eggs rise to the surface in a medium with a higher 

specific gravity, a process further accelerated by centrifugation. After larval cultures 

modified Baermann method was used to isolate and examine the third instar larvae. 

 

3.3.1 Flotation Method  

The flotation method was used to determine the presence or absence of eggs. Initially, 3–5 

grams of faeces were mixed with 10–15 ml of Breza’s solution, which has a specific gravity 

of 1.3 g/ml, to create a homogeneous suspension. To separate coarse faeces components, the 

mixture was poured through a sieve and transferred into 15 ml centrifuge tubes, filling them 

to a maximum of 1 cm below the rim. The tubes were spun at 1500 rpm for 2-3 minutes. The 

samples for microscopic examination were collected from the surface of the centrifuged 

faecal suspension by using a glass rod. The tip of the rod was dipped into the floating debris 

layer on the surface. The flat end of the glass rod was tapped onto a glass plate several times 
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for further microscopic examination. A cover glass was not applied, as the eggs floated on 

top of the drop and aggregated centrally.  

 

3.3.2 Proudman Method  

It is a well-established technique in parasitology, particularly effective for detecting A. 

perfoliate [51]. Diagnostic accuracy is enhanced by combining flotation and centrifugation. 

A sensitivity of 61% has been reported, notably higher than many traditional methods [53]. 

For this method 30 grams of manure were weighed into a cup and combined with 60 ml of 

tap water. The faeces were thoroughly mixed using a glass rod (Figure 5). The suspension 

was then stirred and strained through a sieve into another cup to remove large debris.  

 

Figure 5 Preparation of faecal mixture for Proudman method (copyright Franziska Braungardt) 

 

The filtered mixture was transferred into centrifuge tubes and centrifuged at 1000 g for 10 

minutes. After centrifugation, the supernatant was discarded, leaving a pellet. This pellet 

was resuspended in sugar solution and the surface of the solution was covered with a cover 

slip and carefully placed in a rack to maintain a vertical position (Figure 6).  The cover slips 

were then removed after 2-3 hours and placed onto microscope slides labeled with unique 
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identification numbers corresponding to each horse sample. All tapeworm eggs under the 

cover slips were counted under a light microscope using 40x or 100x magnification. 

 

Figure 6 Cover slips placed over the tubes to capture parasite eggs (copyright Franziska Braungardt) 

 

 

3.3.3 Larval culture 

Strongyle-type eggs, known for their highly similar morphology, could not be distinguished 

at the genus or species level when detected using the flotation method. As a result, larval 

culture was employed to differentiate the third-stage larvae between large and small 

strongyles.  The coproculture technique involved incubating faeces aerobically at room 

temperature for up to 3-4 weeks. During the culture period, the samples were monitored 

daily to prevent desiccation, and supplemental water was added as needed. Exposure to 
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direct sunlight was carefully avoided. In this medium, larvae hatched from the eggs, 

developed to L3 stage. 

3.3.4 Modified Baermann Method   

In an aqueous medium, hydrophilic nematode larvae migrate from the faeces into the 

surrounding water. Due to their inability to remain suspended, most larvae settle at the 

bottom of the cylindrical flasks, where they can be collected for further examination. In this 

process approximately two spoons of faeces from the larval culture of each sample were 

wrapped in a double layer of nylon or silk mesh and placed in a conical glass filled with tape 

water. The diameter of the wrapped faecal ball was carefully adjusted to fit snugly at the 

mouth of the glass without slipping to the bottom. The wrapped mass was positioned so that 

half of it was submerged in lukewarm water and left at room temperature (21–27°C) for at 

least 4-6 hours (Figure 7). After the incubation period, larvae were carefully extracted from 

the bottom of the water in each sample using long glass pipettes (Figure 8). These samples 

were transferred onto microscope slides. A drop of Lugol's solution was then added to 

immobilize the larvae, facilitating microscopic examination. The third-stage larvae (L3) 

were then identified based on morphological criteria, particularly the number and shape of 

intestinal cells, which allow differentiation between small and large strongyles [7]. 

 

Figure 7 Modified Baermann method for nematode larvae recovery (copyright Franziska Braungardt) 
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Figure 8 The extraction of nematode larvae from the bottom of water  
using a long glass pipette (copyright Franziska Braungardt) 

 
3.3.5 Identification of strongyle L3 

Microscopic examination of L3 started with a low-power magnification, with gradual 

increases to 100x and 400x for detailed observations. Distinct morphological and anatomical 

features were critical for the traditional identification of strongyle larvae.  

 

 
Table 1 Identification of strongyle L3 by morphological criteria of small and large strongyles (Practical 
handout of nematoda roundworms and acanthocephala thorny-headed worms compiled by Dr. Róbert 

Farkas) 
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4. Results  
 
In total, 61 faecal samples were examined. The eggs of helminths were found in all samples, 

the prevalence of the endoparasitic infection of the sampled horses was 100%. The strongyle 

type eggs occurred in 61 faeces. According to the morphological identification of the 

cultured third-instar larvae all examined horses were infected with small strongyles.   

The infective larvae of large strongyle species were in some samples. Strongylus vulgaris 

L3 (Figure 9) was present in 6 out of 31 samples collected in October 2023, no larvae of this 

species were found in the other 30 samples.  

 

 
Figure 9 Number of horses infected with nematodes or tapeworms 

 

The prevalence of this species in 61 samples was 9.84%. The L3s of S. equinus were 

identified in 7 out of 31 and 3 out of 23 samples collected in October 2023 and in March 

2024, respectively (Figure 9). The prevalence of this species was 16.4%. The L3 of the third 

large strongyle species, S. edentatus was detected only in three samples (Figure 9) collected 

in 2023. The prevalence of this species was 4.9%. Besides the small strongyle infections of 

these horses one of them was also infected with S. equinus and S.vulgaris (Figure 9).  

 

Using the Proudman method to examine the occurrence of tapeworm infection 

Anoplocephala eggs were detected in the samples of 5 horses (Figure 10). The eggs were 

detected in 4 out of 31 and 1 out of 23 samples collected in October 2023 and in March 2024, 
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respectively. The prevalence of tapeworm infection of the examined horses was 8.2%. This 

study analyzed 61 faecal samples from Przewalski horses kept in three parts in Hortobágy.  

 

 
Figure 10 Detection of Anoplocephala eggs (copyright Franziska Braungardt) 

 

5. Discussion 
 

The strongyle-type eggs occurred in all faecal samples which were not surprised because 

this kind of eggs are the most often found in the faeces of horses worldwide [7–9, 20, 23, 

38]. However, based on this finding it was not known whether the horses were infected with 

large and/or small strongyle species. Following the larval culture from these eggs, third instar 

larvae of small strongyles were found in all samples.  Ten years ago, when 11 wild horses 

were necropsied in Hortobágy, all of them were infected with small strongyles (55). Similar 

results have been reported in other regions, such as the Chernobyl Exclusion Zone, where 

small strongyles were found in nearly all Przewalski horses [49]. Other studies [35, 36, 38, 

49] have also reported high prevalence rates of cyathostomins, often reaching 100% 

prevalence.  These findings highlight how these nematodes adapted to free-ranging horse 

populations in different environments. 

Besides the most common occurrence of small strongyles the characteristic L3s of the three 

Strongylus species were also found in the faecal samples of 15 horses. Among large 

strongyles, S. equinus had the highest prevalence (10/61, 16.4%). The L3s of S. vulgaris was 

found in 6 and S. edentatus in another 3 samples.  The prevalence of S. vulgaris in this study 

was notably lower compared with other studies. In a former post-mortem study carried out 

in Hortobágy the prevalence of S. vulgaris was  much higher 63.6% [54]. During the studies 
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of wild horses conducted in the Chernobyl Exclusion Zone and in Askania Nova the 

prevalence of  this species was 33.3% and 30.0%, respectively  [38, 49]. The veterinary 

importance of S. vulgaris is well-documented due to its pathogenic effects [49]. The 

migration of its larvae through the gastrointestinal arterial blood system can result in serious 

health concerns for equines [37, 40, 41]. Even at a relatively low prevalence, the potential 

for significant clinical outcomes underscores the importance of monitoring and managing 

this parasite species.  

 

S. equinus and S. edentatus have been detected in multiple studies of Przewalski horses, with 

prevalence rates varying. A post-mortem helminth survey conducted in 2006 in the 

Chernobyl Exclusion Zone recorded S. equinus with a prevalence of 14.3% and S. edentatus 

in 6.4% of surveyed horses [49]. In  a study done in Askania Nova, Ukraine, a notably high 

prevalence, 41.7% of S. edentatus was found [38]. In a post-mortem study in Hortobágy 

National Park, Hungary, both S. equinus and S. edentatus were found in a  horse out of 11 

examined [54]. In 2019, a more recent survey conducted in Hortobágy using the McMaster 

technique to assess the level of parasitism reported prevalence rates of S. equinus and S. 

edentatus at 1.3% and 2.5%, respectively, among a population of 79 Equus 

przewalskii individuals [38]. In a post-mortem helminth survey of 21 Przewalski’s horses 

kept in captivity the prevalence of S. edentatus was only  0.8% [49]. The findings from this 

study align with these results, recording S. equinus in 16.4% of samples and S. edentatus in 

4.9%, illustrating the variability in infection rates across regions and over time.  The findings 

from this study revealed a higher prevalence of S. equinus (16.4%) and S. edentatus (4.9%) 

compared to a study, which reported lower rates of 1.3% and 2.5%, respectively [54]. 

However, these values are still lower than the exceptionally high prevalence (41.7%) of S. 

edentatus recorded in Askania Nova [38]. The higher prevalence observed in this study 

compared to 2019, despite both being conducted on pastures shared with cattle, using 

coprological analysis, and lacking antiparasitic treatment, may reflect seasonal variations. 

Favorable conditions such as increased humidity and moderate temperatures in spring often 

lead to higher faecal egg counts by supporting the development of infective L3 stage [38]. 

 

Infections with S. edentatus or S. equinus rarely result in clinically significant damage [25, 

27]. More importantly, their larval stages undergo extensive migration that may cause 

considerable damage, particularly in foals and yearlings, while their adult forms are 

bloodsuckers residing in the caecum and colon [27]. While these species are more 
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challenging to eliminate with anthelmintic drugs compared to S. vulgaris, their larvae are 

less pathogenic in comparison [25]. 

 

The eggs of tapeworms, probably the most common species, Anoplocephala perfoliata were 

detected in faecal samples of 5 (8.1%) horses. These findings differ from the data obtained 

in the  post-mortem study carried out  in the National Park, when tapeworms were found in 

5 (45.5%) out of 11 horses [54]. In the Chernobyl Exclusion Zone, where a diagnostic 

dehelminthisation survey was conducted on 21 individuals, tapeworm infection was 

recorded in 14.3% of the local Przewalski horses (56). The higher prevalence observed in 

the Hortobágy and Chernobyl may be due to the use of more comprehensive diagnostic 

methods that provided detailed insights into the parasitic infection. 

Similar to other reports, sporadic egg shedding presents diagnostic challenges, and the 

Proudman method was essential for achieving accurate detection [55]. Diagnosing tapeworm 

infection, particularly A. perfoliata in equines, which is a clinically significant parasite 

species, remains challenging and prone to error [48, 51].This tapeworm species, which is 

prevalent worldwide and a recognized cause of equine colic, presents diagnostic challenges 

due to low sensitivity of coprological methods, relatively low worm burdens, sporadic 

release of proglottids from adult worms, and uneven egg excretion and distribution in faeces 

[21, 45, 46]. Post-mortem examinations, as used in the study in 2014 [55], allow for the 

direct observation of tapeworms attached to the ileocecal junction, providing a more accurate 

assessment of infection rates. In contrast, this study relied on faecal examinations, which are 

limited by the sporadic and uneven shedding of tapeworm eggs, potentially leading to 

underestimation of prevalence. 

Tapeworm infections, though less common than strongyles, are of significant importance 

due to their potential to cause two types of colic, spasmodic colic and ileal impaction colic, 

primarily because of the parasite's predilection for the ileocecal junction [6, 21, 48]. 

In Hortobágy, the presence of numerous infected intermediate hosts, box mites, on the 

pastures poses a significant risk of tapeworm transmission  [16, 44]. Grazing Przewalski 

horses inadvertently ingest infected forage mites, which results in the establishment of adult 

tapeworms in the intestines [16, 44, 46]. Controlling tapeworm infections in such 

environments requires a combination of regular, well-planned deworming treatments and 

effective pasture management to reduce parasite burdens and minimize the availability of 

intermediate hosts. 
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Effective monitoring of endoparasitic infections in Przewalski horses requires a combination 

of diagnostic approaches. Regular coprological examinations are essential, while modern 

methods, such as antibody-based molecular diagnostics, provide more precise and reliable 

tools for parasite control [21, 42, 56]. Diagnostic deworming and occasional post-mortem 

examinations, as seen in previous studies, offer valuable insights into parasite burdens and 

infection patterns [49, 54].  

 

Reducing parasite transmission in Przewalski horses involves a combination of non-

chemical measures and effective management strategies. Practices like pasture hygiene, 

rotational grazing and quarantine protocols can help minimize environmental contamination 

and limit exposure to infected intermediate hosts such as box mites. Additional approaches, 

including controlling stock density and implementing mixed grazing systems have also 

proven effective in reducing parasite transmission. Deworming plans should be adapted to 

address the specific parasites in the population and the dominant environmental conditions. 

Additionally, ensuring the horses receive proper nutrition and maintaining their overall 

health can strengthen their resistance to parasitic infections [57]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



28 
 

6. References 
 
1.  Slivinska K, Klich D, Yasynetska N, Żygowska M (2020) The effects of seasonality 

and group size on fecal egg counts in wild Przewalski’s horses (Poljakov, 1881) in the 
Chernobyl Exclusion Zone, Ukraine during 2014 – 2018. Helminthologia 57:314–321. 
https://doi.org/10.2478/helm-2020-0042 

2.  Kavar T, Dovč P (2008) Domestication of the horse: Genetic relationships between 
domestic and wild horses. Livest Sci 116:1–14. 
https://doi.org/10.1016/j.livsci.2008.03.002 

3.  King SRB (2005) Extinct in the Wild to Endangered: the History of Przewalski’s 
Horse (Equus ferus przewalskii) and its Future Conservation. Mong J Biol Sci 3:. 
https://doi.org/10.22353/mjbs.2005.03.11 

4.  Kerekes V, Sándor I, Nagy D, Ozogány K, Göczi L, Ibler B, Széles L, Barta Z (2021) 
Trends in demography, genetics, and social structure of Przewalski’s horses in the 
Hortobagy National Park, Hungary over the last 22 years. Glob Ecol Conserv 
25:e01407. https://doi.org/10.1016/j.gecco.2020.e01407 

5.  Turghan MA, Jiang Z, Niu Z (2022) An Update on Status and Conservation of the 
Przewalski’s Horse (Equus ferus przewalskii): Captive Breeding and Reintroduction 
Projects. Animals 12:3158. https://doi.org/10.3390/ani12223158 

6.  Proudman C, Matthews J (2000) Control of intestinal parasites in horses. In Pract 
22:90–97. https://doi.org/10.1136/inpract.22.2.90 

7.  Lichtenfels JR, Kharchenko VA, Dvojnos GM (2008) Illustrated identification keys to 
strongylid parasites (strongylidae: Nematoda) of horses, zebras and asses (Equidae). 
Vet Parasitol 156:4–161. https://doi.org/10.1016/j.vetpar.2008.04.026 

8.  Mathewos M, Girma D, Fesseha H, Yirgalem M, Eshetu E (2021) Prevalence of 
Gastrointestinal Helminthiasis in Horses and Donkeys of Hawassa District, Southern 
Ethiopia. Vet Med Int 2021:1–7. https://doi.org/10.1155/2021/6686688 

9.  Halvarsson P, Grandi G, Hägglund S, Höglund J (2024) Gastrointestinal parasite 
community structure in horses after the introduction of selective anthelmintic treatment 
strategies. Vet Parasitol 326:110111. https://doi.org/10.1016/j.vetpar.2023.110111 

10.  Tydén E, Jansson A, Ringmark S (2019) Parasites in Horses Kept in A 2.5 Year-Round 
Grazing System in Nordic Conditions without Supplementary Feeding. Animals 
9:1156. https://doi.org/10.3390/ani9121156 

11.  Shakya S, Yadav BC (2020) Current Status And Impact Of Animal Parasitic 
Nematodes : A Review. Biosci Biotechnol Res Commun 13:1073–1079. 
https://doi.org/10.21786/bbrc/13.3/13 

12.  Górniak W, Moniuszko H, Wojnarowski K, Górniak A, Cholewińska P, Waliczek A, 
Soroko M, Szeligowska N (2021) Effect of Vegetable Oils Feed Additives on 
Endoparasites Associated with Dewormed Racing Horses. Agriculture 11:525. 
https://doi.org/10.3390/agriculture11060525 



29 
 

13.  Stummer M, Frisch V, Glitz F, Hinney B, Spergser J, Krücken J, Diekmann I, Dimmel 
K, Riedel C, Cavalleri J-MV, Rümenapf T, Joachim A, Lyrakis M, Auer A (2023) 
Presence of Equine and Bovine Coronaviruses, Endoparasites, and Bacteria in Fecal 
Samples of Horses with Colic. Pathogens 12:1043. 
https://doi.org/10.3390/pathogens12081043 

14.  Salem SE, Abd El‐Ghany AM, Hamad MH, Abdelaal AM, Elsheikh HA, Hamid AA, 
Saud MA, Daniels SP, Ras R (2021) Prevalence of gastrointestinal nematodes, parasite 
control practices and anthelmintic resistance patterns in a working horse population in 
Egypt. Equine Vet J 53:339–348. https://doi.org/10.1111/evj.13325 

15.  Mathewos M, Teshome D, Fesseha H (2022) Study on Gastrointestinal Nematodes of 
Equines in and around Bekoji, South Eastern Ethiopia. J Parasitol Res 2022:1–9. 
https://doi.org/10.1155/2022/8210160 

16.  Hendrix CM, Robinson E (2006) Diagnostic parasitology for veterinary technicians, 3. 
ed. Elsevier Health Sciences, St. Louis, Mo 

17.  Lu MR, Lai C-K, Liao B-Y, Tsai IJ (2020) Comparative Transcriptomics across 
Nematode Life Cycles Reveal Gene Expression Conservation and Correlated 
Evolution in Adjacent Developmental Stages. Genome Biol Evol 12:1019–1030. 
https://doi.org/10.1093/gbe/evaa110 

18.  Blaxter M, Koutsovoulos G (2015) The evolution of parasitism in Nematoda. 
Parasitology 142:S26–S39. https://doi.org/10.1017/S0031182014000791 

19.  Nielsen MK (2012) Sustainable equine parasite control: Perspectives and research 
needs. Vet Parasitol 185:32–44. https://doi.org/10.1016/j.vetpar.2011.10.012 

20.  Lyons ET, Tolliver SC, Drudge JH (1999) Historical perspective of cyathostomes: 
prevalence, treatment and control programs. Vet Parasitol 85:97–112. 
https://doi.org/10.1016/S0304-4017(99)00091-6 

21.  Matthews JB, Peczak N, Lightbody KL (2023) The Use of Innovative Diagnostics to 
Inform Sustainable Control of Equine Helminth Infections. Pathogens 12:1233. 
https://doi.org/10.3390/pathogens12101233 

22.  Amer MM, Desouky AY, Helmy NM, Abdou AM, Sorour ShS (2022) Identifying 3rd 
larval stages of common strongylid and non-strongylid nematodes (class: Nematoda) 
infecting Egyptian equines based on morphometric analysis. BMC Vet Res 18:432. 
https://doi.org/10.1186/s12917-022-03526-8 

23.  Corning S (2009) Equine cyathostomins: a review of biology, clinical significance and 
therapy. Parasit Vectors 2:S1. https://doi.org/10.1186/1756-3305-2-S2-S1 

24.  Urquhart GM (1996) Veterinary parasitology, 2nd ed. Blackwell Science, Oxford, 
UK ; Ames, Iowa 

25.  Bowman DD, Georgi JR (2014) Georgis’ parasitology for veterinarians, 10. ed. 
Saunders/Elsevier, St. Louis, Mo 



30 
 

26.  Stratford CH, Mc Gorum BC, Pickles KJ, Matthews JB (2011) An update on 
cyathostomins: Anthelmintic resistance and diagnostic tools. Equine Vet J 43:133–139. 
https://doi.org/10.1111/j.2042-3306.2011.00397.x 

27.  Jacobs DE (1986) A colour atlas of equine parasites. Lea & Febiger, London u.a 

28.  Saeed MA, Beveridge I, Abbas G, Beasley A, Bauquier J, Wilkes E, Jacobson C, 
Hughes KJ, El-Hage C, O’Handley R, Hurley J, Cudmore L, Carrigan P, Walter L, 
Tennent-Brown B, Nielsen MK, Jabbar A (2019) Systematic review of gastrointestinal 
nematodes of horses from Australia. Parasit Vectors 12:188. 
https://doi.org/10.1186/s13071-019-3445-4 

29.  Smets K, Shaw DJ, Deprez P, Vercruysse J (1999) Diagnosis of larval 
cyathostominosis in horses in Belgium. Vet Rec 144:665–668. 
https://doi.org/10.1136/vr.144.24.665 

30.  Traversa D, Iorio R, Klei TR, Kharchenko VA, Gawor J, Otranto D, Sparagano OAE 
(2007) New Method for Simultaneous Species-Specific Identification of Equine 
Strongyles (Nematoda, Strongylida) by Reverse Line Blot Hybridization. J Clin 
Microbiol 45:2937–2942. https://doi.org/10.1128/JCM.00714-07 

31.  Walshe N, Mulcahy G, Crispie F, Cabrera‐Rubio R, Cotter P, Jahns H, Duggan V 
(2021) Outbreak of acute larval cyathostominosis – A “perfect storm” of inflammation 
and dysbiosis. Equine Vet J 53:727–739. https://doi.org/10.1111/evj.13350 

32.  Santos DW, Dias De Castro LL, Giese EG, Molento MB (2016) Morphometric Study 
of Infective Larvae of Cyathostomins of Horses and Their Distribution. J Equine Vet 
Sci 44:49–53. https://doi.org/10.1016/j.jevs.2016.02.237 

33.  Santos DW, Madeira De Carvalho LM, Molento MB (2018) Identification of third 
stage larval types of cyathostomins of equids: An improved perspective. Vet Parasitol 
260:49–52. https://doi.org/10.1016/j.vetpar.2018.08.007 

34.  Clark A, Sallé G, Ballan V, Reigner F, Meynadier A, Cortet J, Koch C, Riou M, 
Blanchard A, Mach N (2018) Strongyle Infection and Gut Microbiota: Profiling of 
Resistant and Susceptible Horses Over a Grazing Season. Front Physiol 9:272. 
https://doi.org/10.3389/fphys.2018.00272 

35.  Kuzmina TA, Zvegintsova NS, Zharkikh TL (2017) Gastrointestinal Parasite 
Community in a New Population of the Przewalski’s Horse (Equus Ferus Przewalskii) 
in the Orenburg State Reserve, Russia. Vestn Zool 51:243–250. 
https://doi.org/10.1515/vzoo-2017-0030 

36.  Zvegintsova N, Zharkikh T, Kuzmina T (2019) Parasites of Przewalski’s horses 
(Equus ferus przewalskii) in Askania Nova Biosphere Reserve (Ukraine) and Orenburg 
State Nature Reserve (Russia). Nat Conserv Res 4:. 
https://doi.org/10.24189/ncr.2019.030 

37.  Khan M, Roohi N, Rana A (2015) Strongylosis in equines: A review. J Anim Plant Sci 
25:1–9 



31 
 

38.  Jota Baptista C, Sós E, Madeira de Carvalho L (2021) Gastrointestinal Parasitism in 
Przewalski Horses (Equus ferus przewalskii). Acta Parasitol 66:1095–1101. 
https://doi.org/10.1007/s11686-021-00391-7 

39.  Duncan JL (1975) Immunity to ‘Strongylus vulgaris’ in the Horse. Equine Vet J 
7:192–197. https://doi.org/10.1111/j.2042-3306.1975.tb03267.x 

40.  English AW (1979) The Epidemiology of Equine Strongylosis in Southern Queensland 
3. Seasonal Variation in Arterial Populations of Strongylus Vulgaris, and the 
Prevalence of Some Helminths. Aust Vet J 55:310–314. https://doi.org/10.1111/j.1751-
0813.1979.tb00416.x 

41.  McCraw BM, Slocombe JO (1985) Strongylus equinus: development and pathological 
effects in the equine host. Can J Comp Med Rev Can Med Comp 49:372–383 

42.  Gasser RB, Hung G-C, Chilton NB, Beveridge I (2004) Advances in developing 
molecular-diagnostic tools for strongyloid nematodes of equids: fundamental and 
applied implications. Mol Cell Probes 18:3–16. 
https://doi.org/10.1016/j.mcp.2003.10.001 

43.  Love S, Mair TS (2012) Infectious diseases and parasitology. In: Equine Medicine, 
Surgery and Reproduction. Elsevier, pp 399–422 

44.  Jürgenschellert L, Krücken J, Austin CJ, Lightbody KL, Bousquet E, Von Samson-
Himmelstjerna G (2020) Investigations on the occurrence of tapeworm infections in 
German horse populations with comparison of different antibody detection methods 
based on saliva and serum samples. Parasit Vectors 13:462. 
https://doi.org/10.1186/s13071-020-04318-5 

45.  Burcakova L, Königová A, Kuzmina T, Austin C, Matthews J, Lightbody K, Peczak N, 
Syrota Y, Várady M (2023) Equine tapeworm (Anoplocephala spp.) infection: 
evaluation of saliva- and serum-based antibody detection methods and risk factor 
analysis in Slovak horse populations. Parasitol Res 122:1–16. 
https://doi.org/10.1007/s00436-023-07994-1 

46.  Gasser RB, Williamson RMC, Beveridge I (2005) Anoplocephala perfoliata of horses 
– significant scope for further research, improved diagnosis and control. Parasitology 
131:1–13. https://doi.org/10.1017/S0031182004007127 

47.  Schuster R (1991) Morphometric analysis of an Anoplocephala perfoliata population. 
Angew Parasitol 32:105–111 

48.  Matthews JB, Hodgkinson JE, Dowdall SMJ, Proudman CJ (2004) Recent 
developments in research into the Cyathostominae and Anoplocephala perfoliata. Vet 
Res 35:371–381. https://doi.org/10.1051/vetres:2004026 

49.  Slivinska K, Dvojnos G, Kopij G (2006) Helminth fauna of sympatric Przewalski’s 
Equus przewalskii Poljakov, 1881 and domestic horses E. caballus L. in the Chernobyl 
exclusion zone, Ukraine. Helminthologia 43:27–32. https://doi.org/10.2478/s11687-
006-0006-0 



32 
 

50.  Proudman CJ, Edwards GB (1993) Are tapeworms associated with equine colic? A 
case control study. Equine Vet J 25:224–226. https://doi.org/10.1111/j.2042-
3306.1993.tb02948.x 

51.  Tomczuk K, Kostro K, Szczepaniak KO, Grzybek M, Studzińska M, Demkowska-
Kutrzepa M, Roczeń-Karczmarz M (2014) Comparison of the sensitivity of 
coprological methods in detecting Anoplocephala perfoliata invasions. Parasitol Res 
113:2401–2406. https://doi.org/10.1007/s00436-014-3919-4 

52.  Kjær LN, Lungholt MM, Nielsen MK, Olsen SN, Maddox‐Hyttel C (2007) 
Interpretation of serum antibody response to Anoplocephala perfoliata in relation to 
parasite burden and faecal egg count. Equine Vet J 39:529–533. 
https://doi.org/10.2746/042516407X217876 

53.  Anderson HC, Warner SF, Ripley NE, Nielsen MK (2024) Performance of three 
techniques for diagnosing equine tapeworm infection. Vet Parasitol 327:110152. 
https://doi.org/10.1016/j.vetpar.2024.110152 

54.  Condon Á, Farkas R (2014) Post-Mortem Study of Parasitic Infection of Przewalski 
Horses 

55.  Hirano MK, Watson JL, Christensen B, Farkas R, Zimmermann W, Brabender K, 
Gandolf R (2015) Gastrointestinal parasite burden of captive przewalski’s horses 
(equus przewalksii) in naturally versus traditionally managed herds. Proc Am Assoc 
Zoo Vet 181–182 

56.  Martins AV, Corrêa LL, Ribeiro MS, De Lima Coelho A, Lobão LF, Palmer JPS, 
Knackfuss FB, Molento MB, Da Silva Barbosa A (2024) Identification of third stage 
larvae of strongyles and molecular diagnosis of Strongylus vulgaris in the feces of 
Thoroughbred horses kept in training centers in Rio de Janeiro, Brazil. Vet Parasitol 
Reg Stud Rep 50:101019. https://doi.org/10.1016/j.vprsr.2024.101019 

57.  Reinemeyer CR, Nielsen MK (2018) Handbook of equine parasite control, Second 
edition. John Wiley & Sons, Inc, Hoboken, NJ 

 

 
 
 
 
 
 
 
 
 
 
 
 
 



33 
 

7. Acknowledgements  
 
I am profoundly thankful to my supervisor, Prof. Róbert Farkas, for his invaluable guidance 

and significant contributions to the completion of this thesis. My appreciation extends to the 

dedicated staff at the Department of Parasitology and Zoology at the University of 

Veterinary Medicine, Budapest, with special thanks to Mónika Gyurkovszky for her 

exceptional assistance in the laboratory.  

I would like to express my sincere gratitude to Viola Kerekes from Hortobágy National Park 

for providing the opportunity to carry out this study. I would also like to thank Timea Nagy-

Szabados for her invaluable help with the collection of faecal samples. 

Lastly, I am deeply grateful to my family for their unwavering mental support, 

encouragement, and belief in me throughout this project. 

 


