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Strongylosis has been one of the most well-known diseases in the equine world. However, there is a lack of
substantial knowledge regarding its prevalence in Asia. Hence, this study systematically reviewed data on
strongyle species recorded in Asia and the main risk factors, diagnoses, treatment, and control. Four electronic
databases were used to search the publications on strongyle species in Asia, and the inclusion and exclusion
criteria were established. The chosen publications were accessed to discuss the risk factors, diagnoses,
pathogenesis, treatment, and control in Asian countries. A total of 30 articles published between 2000 and 2024
were included. The main strongyle species reported is the large strongyle, with Strongylus edentatus and
Strongylus vulgaris being the most prevalent. Small strongyles (cyathostomins) have become remarkably
prevalent throughout the year, with Gyalocephalus sp. as the most pervasive. A diverse species prevalence is
documented in the western countries with the weather playing an important role. Strongyles were mostly
diagnosed by faecal floatation and quantified by the McMaster method, while further diagnosis was done using
molecular techniques. Information on the use of anthelmintic drugs is still lacking. Subsequently, a progressive
increase in the knowledge of strongyle species over the years in Asia countries has been noted. With the
emergence of anthelmintic resistance, more research should be done, focusing on bridging the knowledge gaps
to ensure the health of equine species and minimise economic losses associated with strongyle infections.
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INTRODUCTION

Intestinal parasitic helminth infections are one of the most common issues in
horses. Nematodes belonging to the Strongylidae family carry a particular
significance as they can profoundly impact the health and performance of horses
(Girma et al., 2017). The family Strongylidae, which includes large (Strongylinae)
and small (Cyathostominae) strongyles, are some of the most pathogenic enteric
parasites of horses, causing a clinical disease termed strongylosis (Hodgkinson et
al., 2005). The most damaging and dangerous internal parasites in horses are
typically known to be large strongyles: Strongylus vulgaris, Strongylus edentatus,
and Strongylus equinus (Khan et al., 2019). Small strongyles, also known as
cyathostomins, exist in more than 50 species, with 10 of those species thought to
be the most common (Corning, 2009). The most common species are
Cyathostomum catinatum, Cylicocyclus nassatus, and Cylicostephanus (Cys.;
Bellaw and Nielsen, 2020). They are currently the most prevalent and important
pathogen that infects horses worldwide (Macdonald et al., 2023; Halvarsson et al.,
2024; Lightbody et al., 2024).

Khan et al. (2019) stated that the major pathophysiology of large strongyles
involves injury to the visceral organs, embolism or thrombosis that results in
mortality and is primarily ascribed to parasite larvae moving. Meanwhile, the small
strongyle is detected by minor signs of diarrhoea, appetite loss, weight loss, poor
hair coat, tiredness, peripheral oedema, and abnormal intestinal motility. These
clinical signs can impair an equine’s ability to grow and perform normally (Baran et
al.,, 2019). Most studies mentioned that intestinal parasites, especially strongyle
species, rank among the primary causes of colic, causing horses to suffer
excruciatingly until they die due to a mechanical blockage of the gastrointestinal
tract (Corning, 2009; Carminatti et al., 2023; Halvarsson et al., 2024).

Understanding the prevalence of these gastrointestinal parasites is crucial
for developing effective control strategies. Cai et al. (2024) highlighted global
resistant trends to anthelmintics, underscoring the importance of monitoring
strongyle prevalence. Recent studies in Thailand using metabarcoding (Hamad et
al., 2024) and in China and India (Sengupta, 2003; Maria et al., 2012; Singh et al.,
2016; Ai et al., 2023; Jia et al., 2023) have provided valuable insights into strongyle
species distribution and resistance patterns. Despite these efforts, there is a gap in
systematic reviews, particularly in Southeast Asia, although recent studies in
Indonesia (Tirtasari et al., 2021; Sinaga et al., 2022) indicate growing research
interest.

Although many studies have focused on the prevalence of strongyles,
systematic reviews in Asian countries are still lacking. The vast amount of research
on strongyle species in Asia paves the way for a more thorough examination of the
available information, and a systematic literature review (SLR) is one of the
approaches.

This article aims to provide a systematic overview of the existing knowledge
on the risk factors, pathology, and diagnosis of equine strongyle species in Asia
and areas for future research that could fill the current knowledge gaps and
enhance the understanding of these species.

MATERIALS AND METHODS

This systemic review process was guided by the Preferred Reporting Items
for Systemic Reviews and Meta-Analyses (PRISMA Statement) guidelines (Page et
al., 2021). The PRISMA guidelines provide multiple benefits for authors by
improving transparency and contributing to higher-quality scientific reporting (Page
et al., 2021). Hence, the PRISMA Statement allows for a thorough search of terms
related to strongyle species in Asia. The inclusion and exclusion criteria were made
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clear to fulfil the primary objectives of this systematic review, indicating the
significance of the references.

Formulation of the research questions (RQ)

Research questions for this systematic review were formulated by applying
the mnemonics of PICO, i.e., P for Population or Problem, | for Interest, and Co for
Context (Lockwood et al., 2015). Three research questions for this systematic
review were developed using the PICO mnemonics. According to the perspective
of this study, the horses worldwide represent the population, strongyles and Asian
countries represent the interests, and the current understanding of the prevalence,
epidemiology, pathology, diagnostic techniques, and treatments represent the
context. Based on the selected guidelines, the primary research question for this
study is “What are the prevalence, epidemiology, pathology, diagnostic tools and
treatment for strongyle species in horses, particularly in Asia?”

Literature search

Identification

The use of additional databases is crucial to prevent retrieval bias during the
search process. Web of Science and ScienceDirect are highly regarded databases
known for their reliability and extensive coverage of over 256 disciplines, including
veterinary studies. (Shaffril et al., 2021). The author further justified that supporting
databases are essential for conducting systematic searches to fill up any gaps left
by the top databases such as Google Scholar and PubMed. Extensive coverage,
comprehensive search query features, and reproducibility render these database
search engines a good choice for systemic review. Hence, this review used
Scopus, Science Direct, PubMed and Google Scholar web databases (the first
search was done on 8 March 2024). A comprehensive search was conducted using
the selected databases, and articles from 2000 to 2024 were chosen to identify
reports in various publications documenting strongyle infections in horses in Asia.
The 2000-2024 time frame was chosen to ensure the review's quality and depth,
providing sufficient articles to be reviewed. The search strings used to screen the
articles contained several terms that are tabulated in Table 1. The search using
Scopus, Science Direct, PubMed, and Google Scholar resulted in 1494 articles.

Table 1 Multiple keywords used in the search string

Database Date of Acquisition  Search string

Scopus 28/3/2024 TITLE-ABS-KEY (("horse" OR "equine") AND ( "strongyle" OR "strongyle" OR
"strongyle" OR "cyathostomins" ) AND ( "prevalence" OR "detection"))

Science Direct 29/3/2024 (("horse" OR "equine") AND ("strongyle" OR "strongylus" OR "strongylida" OR
"cyathostomins") AND ("prevalence" OR "detection"))

PubMed 30/3/2024 (("horse" OR "equine" ) AND ("strongyle" OR "strongylus" OR "strongylida" OR
"cyathostomins") AND ("prevalence" OR "detection"))

Google Scholar 31/3/2024 equine AND prevalence AND strongyle OR gastrointestinal parasite

Screening

A total of 30 of the 1494 articles were excluded during the identification
process as they turned out to be duplicates. The inclusion criteria (Kitchenham and
Charters, 2007; Page et al., 2021) were automatically developed based on the
database’s available sorting mechanism to screen the remaining articles. The
criteria used for admission were the year (2000-2024), document type (article),
source type (journal), language (English), and study in the veterinary field. About
1399 research papers were eliminated during this process due to inclusion
requirements. The subsequent procedure, eligibility, made use of the remaining 65
articles.
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Eligibility

The titles and abstracts of the 65 screened articles were manually examined
to determine whether they met the requirements to be included in the systematic
review (Xiao and Watson, 2019). Seven of the articles could not be retrieved. We
then continued to manually screen the country region and only included countries
from Asia and strongyle related topics being discussed. Subsequently, the
remaining articles underwent further manual screening to confirm their relevance
to the study’s focus. Specifically, articles were reviewed to ensure they discussed
strongyle infections in horses, included topics related to prevalence, diagnostic
methods, treatment, and preventive control of strongyle infections, and focused on
countries within the Asia region. 59 articles made it through the manual review and
advanced to the final stage: the quality assessment. The researchers continued to
manually screen the countries involved and only included those from Asia and
strongyle-related topics. Finally, 58 articles made it through the manual review and
into the last stage, i.e., quality assessment.

Appraisal of Quality

Two authors evaluated the quality of the 58 eligible publications to ensure
that there was no bias in the articles accepted for evaluation and that the articles
with inadequately defined methods were excluded (MacMillan et al., 2019). The
criteria put forth by Kitchenman and Charters (2007) served as the foundation for
the quality assessment and covered the following topics: methodology, concepts
of the approach, objective, interest and utility, comparison with other studies, and
study limits. Each guideline was assessed using a scoring system of Yes = 1,
Partially = 0.5, and No = 0 (Kitchenham and Charters, 2007). A total of 30 of the 58
publications were included in the systematic review. Figure 1 shows the flow
diagram that links the identification process to eligibility determination, screening,
and quality assessment.

Data extraction and analysis

After the articles had been finalised for inclusion in the systematic review,
data extraction was performed using the research questions as a guide to choose
studies that met the objectives (Xiao and Watson, 2019). For simpler data analysis,
the retrieved data were arranged methodically in a table (Xiao and Watson, 2019).
Qualitative synthesis of qualitative studies, qualitative analysis of quantitative
studies, and qualitative analysis of mixed research designs combining qualitative
and quantitative studies are the three forms of qualitative data typically utilised to
analyse a study (Okoli, 2015). The author employed the third method to analyse
qualitative data in this review.
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Figure 1 PRISMA (Page et al., 2021) flow diagram of study selection, showing

the number of articles at each stage and the exclusion criteria used in the study.

RESULTS

The 30 papers involved 11 countries in Asia, as stated in Figure 2. India has
the most papers being published regarding the current state of strongyle
prevalence (Figure 2). Data on gastrointestinal parasites and strongyle species
prevalence infecting horses are tabulated in Table 2 according to the countries.

At least more than 3 species of large strongyle and 10 species of
cyathostomins were documented across different climatic regions in Asia, such as
South Asia, Southeast Asia, East Asia, and West Asia. The large strongyle is
prevalent (47%, n = 14/30 articles) among the horse populations in this study,
mainly the Strongylus spp. (S. vulgaris, S. edantatus, and S. equinus) and
Tridontophorus spp. (Tridontophorus brevicauda). In addition, more than 10
species of cyathostomins were represented by Gylocephalus spp.,
Cyclicostephalus spp. (Cc. nassatus and Cc. longiburatus), Cythostomum spp. (Cy.
catinatum), and Poteriostomum spp., with a prevalence of 37% (n = 11/30).
Location-wise, the prevalence of strongyle ranged from 4% to 62% in South Asian
countries, with the most significant strongyle being S. edentatus. East Asian
countries, such as China, have a prevalence of 75%, while West Asia has a variable
range of 16% to 100%. Southeast Asia has the highest prevalence among the
countries in Asia, with a range of more than 50% in all locations. In general, different
locations showed different prevalences and significant strongyle species.
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Table 2 Data on prevalence and strongyle species infecting horses in the Asia region. (Studies from

2000-2024)
Country Region Prevalence (%) Strongyle spp. Pre\zg/(l,c)ance References
South Asia Countries
India Himalayas 61.62 53/86 S.edantatus 56.6 Sengupta, 2003
S.equinus 52.83
S.vulgaris 52.83
Triondontophorus 35.84
Oesophagadontus spp 16.98
Gyalocephalus cipatatus 7.54
Malwa, Madhya 35.96° 45/104 Cyathostomes spp. 62.22 Sharma et al., 2011
Pradesh S. wulgaris 11.11
S. edentatus 2.22
S. equinus 2.22
Jammu 75.733  259/342 Strongylus spp. 62.93 Singh et al., 2012
Kashmir Valley 892 25/28 Strongylus spp. 80 Maria et al., 2012
Cythostomes spp. 45
Tridontophorus 80
Bikaner, Rajasthan 392 39/100 Strongylus spp. 71.79 Khan et al., 2013
Mumbai and Pune 20.622 17/86 S. edantatus 9.68 Matto et al., 2015
S. equinus 22.58
S. vulagris 25.80
Cythostomes spp. 41.94
Rajasthan 10.01® 72/719 S. edantatus 46.86 Pilania et al., 2015
S. equinus 27.57
S. vulgaris 6.72
Gyalocephalus capitatus 5.38
Central Plain Zone,  17.902 34/190 S.edantatus 12 Singh et al., 2016
Punjab S.equinus 9
S.vulagris 23
Cyathostomes spp. 56
Shimoga, 84a 84/100 Strongylus spp 52.3 Adeppa et al.,
Karnataka State 2016
Rajasthan 35 44/125 Strongylus spp 68.18 Kachhawa and
Dedar, 2017
Udaipur, Rajasthan  30.852 54/175 Strongylus spp 48.18 Nagar et al., 2022
Iran Ardabil City 342 17/50 Cylicocyclus nassatus 22 Ali and Yagoob,
Cylicostephanus 8 2015
longibursatus
Cylicostephanus goldi 4
East Azerbaijan 912 96/105 Strongylus spp 95 Baran et al., 2019
Province
Isfahan, 9.52b 4/42 S. wulgaris 9.73 Alborzi et al., 2020
Chaharmahal and
Bakhtiari and
Khuzestan
Pakistan Sahiwal, Lahore, 40.54>  973/240 Strongylus spp. - Khan et al., 2020
Sargodha and
Mandi Baha-ud-
Din of Punjab
Lahore 602 120/200 S. edantatus 19.65 Saeed et al., 2010
S. equinus 23.07
S. vulgaris 29.91
Trichonema spp 47.86
Nepal Thini, Muktinath, 81.902 86/105 Strongylus spp 47.61 Devkota et al.,
Surkhang and, 2021
Lomanthang of
Mustang district
Southeast Asia
Malaysia Selangor 35.22 31/88 Strongylus spp - Nu’man, 2024
Selangor 100® 100/100 Strongylus spp 2 Periyasamy, 2017
Terengganu 872 27/31 Cyathostomum spp. - Embang, 2022
Indonesia Mataram City 742 97/131 Strongylus spp - Tirtasari et al.,
2021
ERINARY e et i o o 1 P
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Country Region Prevalence (%) Strongyle spp. Pre\;?/(l,c)ance References
Citra Pesona 1002 18/18 Strongylus spp 86 Sinaga and
Ladangku Animal Tanjung, 2022
Park, Pancur Batu,
Deli Serdang,
North Sumatra
Philippines The City of 97.72>  257/263 Strongylus spp 67.3 Amoto et al., 2022
Baybay, Leyte
Vietnam Red River Delta 93 230/247 Strongylus spp - Holland et al., 2001
and a
mountainous area
of North Vietnam
Thailand Thammarat 50.62 40/79 Strongylus spp - Phetkarl et al.,
Cyathostomins - 2024
East Asia
China The Qinghai- 752 24/32 S. edantatus 25 Ai et al., 2023
Tibetan Plateau Cylicocyclus nassatus 33
(QTP), Qinghai, Cylicostephanus 20
Haixi) longibursatus
Triodontophorus 8
brevicauda
Cyathostomum catinatum 4
West Asia
Turkey Western Turkey 68.42 219/320 Strongylus spp - Cirak et al., 2004
Konya region 1002 111/111 S. edantatus 17.11 Uslu, 2007
S. vulgaris 31.53
Triodontophorus spp 6.30
Poteriostomum spp 5.4
Trichonema spp 58.55
Central Black Sea 91.572 76/83 S.edantatus 31.05 Umur and Agici,
Region S. equinus 6.11 2009
S. vulgaris 3.52
Cyathostomum spp 33.88
Gyalocephalus spp 12.0
Poteriostomum spp 5.88
Triodontophorus spp 1.41
Istanbul 16.22 33/204 S. edantatus 33.3 Ulutas Esatgil and
Triodontophorus spp. 12.1 Efil, 2012
Poteriostomum spp. 39.4

a Prevalence with strongyles reported in the study.
b Prevalence with other nematodes reported in the study
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Age and gender are significant contributors, with foals under two years old
often exhibiting higher parasite burdens compared to adult horses (Umur and Agici,
2009; Singh et al., 2016; Kachhawa and Dedar, 2017). Gender-specific prevalence
remains inconsistent, as some studies reported higher infection rates in males
(Baran et al., 2019), while others noted higher prevalence in females, though these
findings were not statistically significant (Singh et al., 2016; Alborzi et al., 2020).
Contributing factors include poor management practices and suboptimal diets,
such as tofu waste concentrate, which facilitate parasite growth (Sinaga and
Tanjung, 2022). Loose farming systems also showed higher infection rates
compared to conventional farming (Nagar et al., 2022). Seasonal variations play a
crucial role, with rainy or monsoon seasons linked to increased infection rates due
to favourable environmental conditions (Singh et al., 2012; Matto et al., 2015;
Sinaga and Tanjung, 2022). In regions with distinct winters, strongyle prevalence
peaks during spring as hypobiotic larvae re-emerge following colder months (Maria
et al., 2012).

Diagnostic methods used in the reviewed papers were gathered in Table 3.
Traditional methods like faecal sedimentation and McMaster assessments were
frequently used (Ulutas Esatgil and Efil, 2012; Maria et al., 2012; Baran et al., 2019;
Khan et al.,, 2020; Devkota et al., 2021). Morphological identification via
coproculture and larval culture was also employed (Umur and Agcici, 2009; Adeppa
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et al., 2016; Alborzi et al., 2020). Molecular diagnostics, particularly PCR, have
become more common for species-level identification in recent years (Alborzi et al.,
2020; Ai et al., 2023). Treatment strategies involve broad-spectrum anthelmintics
like macrocyclic lactones, benzimidazoles, and tetrahydropyrimidines, with drugs
such as pyrantel embonate, ivermectin, and moxidectin administered at
recommended dosages to reduce parasite burdens (Saeed et al., 2010; Veli Yilgor
Cirak and Ender Gulegen, 2005). However, most studies did not include post-
mortem findings, as samples were collected from asymptomatic horses (Veli Yilgor
Cirak and Ender Gllegen, 2005; Singh et al., 2016; Devkota et al., 2021).

Table 3 Diagnostic method used in 30 papers involved in this review.

Diagnostic Method

Reference article

1 Holland et al., 2001 / / /

2 Sengupta, 2003 / /

3 Cirak et al., 2005 / /

4 Uslu, 2007 / /

5 Umur and Agici, 2009 / / /

6 Saeed et al., 2010 / /

7 Sharma et al., 2011 / /

8 Singh et al., 2012 / / /

9 Ulutas Esatgil and Efil, 2012 / /

10 Maria et al., 2012 / / /

11 Khan et al., 2013 /

12 Matto et al., 2015 / /

13 Pilania et al., 2015 /

14 Adeppa et al., 2016 / /

15 Singh et al., 2016 / / /

16 Kachhawa and Dedar, 2017 /

17 Periyasamy, 2017 / / /

18 Ali and Yagoob, 2019 / /

19 Baran et al., 2019 / /

20 Alborzi et al., 2020 / / / /
21 M. A. Khan et al., 2020 / /

22 Nagar et al., 2022 /

23 Devkota et al., 2021 /

24 Tirtasari et al., 2021 / /

25 Amoto et al., 2022 / /

26 Embang, 2022 / / /

27 Sinaga and Tanjung, 2022 / /

28 Ai et al., 2023 / /
29 Nu’man, 2024 / /

30 Phetkarl et al., 2024 / / / /

FF: Faecal Floatation; MM: McMaster; LC; Morphological Diagnosis of L3; PCR: Polymerase Chain Reaction.
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DISCUSSION

Prevalence and distribution

Most morphological diagnosis studies revealed that the cyathostomins are
the main strongyle species that have been infecting horses compared to the large
strongyles (Umur and Acici, 2009; Maria et al., 2012; Matto et al., 2015; Singh et
al., 2016). There are no specific species in a particular country, as most strongyle
species, either large or small, are present across Asia. The most prevalent species
of large strongyles are S. edantatus and S. vulgaris, which occupy more than 30%
of the gastrointestinal parasite infection. For cyathostomes, the most common is
Gyalocephalus sp., but its prevalence depends on whether the study is a
morphological or molecular diagnosis. With advanced technology, some new and
rare species can be identified, such as the prevalence of Cc. nassatus,
Cylicostephanus longibursatus, and Cy. catinatum in China (Ai et al., 2023).

India had the most research in terms of strongyle prevalence in South Asian
countries. The prevalence is reported in more dispersed locations, such as the
Himalayas (Sengupta, 2003), i.e., in the hills and mountains and Mumbai (Matto et
al., 2015), i.e., in the city. The correlation of strongyle prevalence is minimal in South
Asian countries, particularly in India, as there might be differences in the altitude of
the location, weather, and even the advancement of technology utilised throughout
the years. Nonetheless, the prevalence is considered high in Nepal, Pakistan, and
Iran, as most of the data collected (47%, n = 7/15 articles) indicated more than
50% strongyle prevalence (Saeed et al., 2010; Baran et al., 2019; Alborzi et al.,
2020; Khan et al., 2020; Devkota et al., 2021). Interestingly, the prevalence of
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strongyles in the Southeast Asian region shows a similarly wide range, varying
between 20% and 100% across studies (Holland et al., 2001; Tirtasari et al., 2021;
Amato et al., 2022; Sinaga and Tanjung, 2022), mainly due to the almost identical
tropical weather throughout the year such as monsoon season and dry season.
Likewise, the prevalence of strongyle is also considered high (> 50%) in East and
West Asian countries, e.g., China (Ai et al., 2023) and Turkey (Cirak et al., 2004;
Uslu, 2007; Umur and Agici, 2009; Ulutas Esatgil and Efil, 2012).

In comparison with other continents, prevalence rates of strongyle infections
vary significantly. In Africa, Ethiopia reports a prevalence of 53.13% (Negash et al.,
2021), while Egypt (Salem et al., 2021) has a higher rate of 88.4%. In Europe, where
four distinct seasons occur, the prevalence rates are not uniform where Ireland at
52.4% (Elghryani et al., 2023) and ltaly at 39.5% (Scala et al., 2020). In North
America, the United States reports a prevalence of 67.9% (Nielsen et al., 2018),
while in South America, Brazil records 74% (Martins et al., 2024). These variations
are mostly likely due to the environmental temperature and weather factors that
have been affecting the growth and survival of strongyle. More discussion will be
elaborated in the environmental factors sections.

Epidemiology and contributing factors

Host factors

Age and gender are examples of host factors that may substantially impact
strongylosis infection. Studies have revealed that foals (less than two years old) are
often more vulnerable than adult horses to greater parasite burdens of nematode
infection (Umur and Agici, 2009; Singh et al., 2016; Kachhawa and Dedar, 2017;
Phetkarl et al., 2024). Previous research by Kachhawa and Dedar (2017) stated that
horses under two years old have the highest intestinal parasite prevalence (71.42%
in males and 70.83% in females), followed by those aged two to five years old (25%
in males and 27.90% in females) and those older than five years (10% in males and
20.68% in females). The statistical results indicate that gender is most likely not a
risk factor in strongyle infection, as most studies revealed contradicting results. For
instance, Baran et al. (2019) revealed a significant correlation between animal
gender to infection prevalence, where the males had an infection rate of 3.42 times
higher than that of the females. Contrarily, Singh et al. (2016) and Alborzi et al.
(2020) reported that females exhibited much greater prevalence rates than males,
although they were not statistically significant (p > 0.05). Similar results has been
seen in Ethiopia where gender is not highly consider as the contributing factor, as
the correlation between parasite infection and sex could be attributed to the grazing
systems or physiologic differences, anthelmintic therapy and husbandry
techniques (Negash et al., 2021).

Age is a significant factor in the incidence and prevalence of strongyle in
horses, particularly in foals, whereby their immune systems are still developing.
Similarly, older horses are more susceptible to infection because of
immunosenescence (Singh et al., 2016). The poor immune system of the animals,
their co-grazing behaviour with multiple species and the age of the horses, the use
of inefficient medications, and low-dose anti-parasite treatments are some
potential causes of the high incidence in young animals (Tahir et al., 2016),
rendering them coincidence factors. Additionally, the age of horses has a
significant impact on the number of species belonging to the small
(Cyathostominae) and large (Strongylinae) strongyles (Kuzmina et al., 2016). This
can be explained by the fact that older horses develop immunity to strongylids and
by the long-term effects of anthelmintic therapy, which significantly lower the
diversity of strongylid species in horses. Similar findings have been observed
across other continents such as in Ethiopia (Negash et al., 2021), Brazil (Martins et
al., 2023) and United States (Nielsen et al., 2018), highlighting the significant role of
age in strongyle infections.
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Meanwhile, even though gender is not considered the main risk factor, the
predisposition of female horses to succumb to strongyle infection might be the
result of stress factors such as nursing and the immune system relaxing later in
pregnancy, increasing their vulnerability to certain parasite infections (Maria et al.,
2012). Additionally, the close and prolonged contact between mares and their foals,
who are more efficient at shedding eggs, may further contribute to the higher
prevalence in females (Scala et al., 2020).However, several studies found that the
pressures placed on male horses in the workplace were a significant source of
stress, which compromised immunity and facilitated the spread of parasites (Baran
et al., 2019).

Environmental factors

Several environmental variables, including seasons, management (captive,
semi-captive, or free-range), and dietary components, may impact the likelihood of
strongyles infecting the horse population (Khan et al., 2019). Pasture management,
dietary nutrient deficiency, fodder availability, host immunity to counter parasitic
infection, seasonal variation, availability of intermediate host on pasture, grazing
habits, the number of third-stage larvae, poor reproductive performance,
gastrointestinal difficulty, and prolonged emaciation are the predisposing factors
responsible for the establishment of endoparasites infection (Kaur et al., 2019).

Diet management also plays a role, as Sinaga and Tanjung (2022) observed
that using protein and fiber rich tofu waste in the Citra Pesona Ladangku Animal
Park diet supported strongyle growth. Even so, Laroche (2024) reported that horses
fed high-starch diets shed more strongyle eggs compared to those on high-fiber
diets. The findings indicate that a high-starch diet contributes to increased egg
shedding due to its impact on the intestinal ecosystem. Starch fermentation
induces a loss of microbial a-diversity and reduces the abundance of several
bacterial taxa, altering the proportions of volatile fatty acids (VFAs) produced by
the microbiota. The resulting reduction in intestinal pH creates an environment
conducive to enhanced parasite fecundity, leading to higher egg shedding.
Another study also reported that the type of farming would affect strongyle
infection. Nagar et al. (2022) demonstrated that loose farming (34.44%) yielded a
higher prevalence rate of strongyle infection compared to well-managed or
conventional farms (27.05%). Moreover, the most basic contributing factor, i.e.,
poor management, is also reported in two studies (Amato et al., 2022; Sinaga and
Tanjung, 2022).

Several studies reported higher occurrences of strongyle infection during the
rainy or monsoon seasons (Singh et al., 2012; Matto et al., 2015; Singh et al., 2016;
Singh et al., 2019; Sinaga and Tanjung, 2022). Nagar et al. (2022) stated an increase
in positive strongyle cases during the transition towards the monsoon or rainy
season. Likewise, a higher peak of strongyle prevalence with significant findings (p
< 0.005) was reported during the monsoon and summer seasons (Khan et al.,
2020). In contrast, Tirtasari et al. (2021) stated that the climatic weather of rain and
humidity in Southeast Asia, where the rainy season occurs all year long, helped in
terms of survivability of the strongyle egg in the environment. Contrary to the four-
season countries, the peak mean egg per g (EPG) in March and April may have
resulted from the hypobiotic larval (L4) developing again following a cold winter
(Maria et al., 2012). Meanwhile, regarding the location of the horses geographically,
a study revealed that mountains are the perfect habitat for parasites (Baran et al.,
2019).

The optimal environmental temperature for strongyles to grow is during the
monsoon season’s high relative humidity and ideal temperature, which fosters the
growth of free-living pre-parasitic stages (Baran et al., 2019). Reduced infection
rates occur during these seasons because cold and dry circumstances are rather
unfavourable for the development of parasite stages (Kaur et al., 2019). However,
there are some debates regarding the frequency of strongyle infections not
impacted by seasons but the degree of strongyle egg shedding (Khan et al., 2015).
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Egg production fluctuates with the seasons; the least number of eggs are produced
in the winter, more in the spring, and most in August and September (Khan et al.,
2015). The proportion of viable giant strongyle eggs peaked in May and continued
to be high throughout the summer. Higher egg-laying was reported in the spring
and summer. Although the season has little effect on the frequency of strongyle
infections, it has a considerable impact on the degree of strongyle egg shedding.
A study found that in cold conditions, small strongyle eggs do not develop into L3
but can survive and resume development in better weather while in tropical
conditions, eggs develop quickly into L3 but have a shorter survival time (Merlin,
2024). Hence, this may explain the high prevalence of strongyles in Southeast Asia,
where the weather is typically hot and humid all year round. Data collected from
different dates and regions consistently show high prevalence rates exceeding
90%, likely due to the shared climatic conditions of the region.

The anticipated duration of L3 survival on the pasture during the summer
rainy season was 2-4 weeks but became prolonged (8-12 weeks) during the
autumn-winter dry season (April-August). The most detrimental conditions for larval
growth, migration, and survival are hot and dry springtime (pre-wet season)
weather, which is highly likely favoured in summer and spring. Faeces deposited
on the pasture in September of the preceding year will lead to the highest
percentage of larvae that successfully survived the winter. According to Kuzmina
et al. (2016), L3 larvae have been reported to survive the winter in the soil beneath
the faecal pats by withstanding extremely cold temperatures, particularly when
covered in a layer of snow that helps to moderate the fluctuations in the weather.
However, this finding is contradicted by Scala et al. (2020), who reported lower egg
per gram (EPG) values during summer compared to winter in a study conducted in
Italy. This was attributed to increased awareness and the effectiveness of
deworming practices during the summer months.

Nielsen et al. (2007) found that L3 larvae incubated in faeces at temperatures
between 7.5°C and 37°C matured at different rates: very slowly at the lower
temperatures (33-48 days at 7.5°C-8°C) and rapidly at the higher temperatures (1.7
days at 37°C). Outside this temperature range, the survival rate of pre-infective
stages declines. Hence, in tropical countries with higher EPG rates of strongyle
infection, management practices such as feeding management are likely a
significant contributing factor, as stated by Sinaga and Tanjung, (2022).

In terms of feeding management, Strongylus spp. are photophobic; thus, the
larvae will climb to the grass surface in the morning and descend to the grass
bottom throughout the day to escape high temperatures (Sinaga and Tanjung,
2022). Thus, horses that graze in the morning may expose themselves to the
contaminated green in temperate regions like South Asia. However, this problem
may be resolved by feeding wilted grass to horses to lower the number of viable
strongyle infectious larvae (Sinaga and Tanjung, 2022). In comparison with a 4
season country, winter are presumably has a shorter daylight compare to winter,
hence shorter grazing time will decrease the risk of strongyle infection (Relf, 2013).

Humid settings can also aid in the growth and life cycle of nematode worms
in captivity. Sinaga and Tanjung (2022) reported a high incidence of nematode
worm illnesses in Indonesia due to the unclean cages, which contributed to the
nematode worm life cycle. Unlike open cages, closed cages are intended to have
high humidity levels and moderate temperatures. High humidity conditions might
be detrimental to the growth and development of worms. It was discovered that
horses with shed coats had an 8-fold and 12-fold increased risk of infection
compared to horses housed in corrals free of Strongylus sp. (Amato et al., 2022).
The primary source of infection, horse faeces, is concentrated and has less
moisture, which raises the number of worm eggs (Amato et al., 2022).

Pathology
Most of the studies in this review did not report any post-mortem results (Veli
Yilgor Cirak and Ender Gulegen, 2005; Singh et al., 2016; Devkota et al., 2021;
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Amoto et al., 2022; Ai et al., 2023). The samples were taken randomly from horses
that showed no sign of clinical gastrointestinal parasite infestation.

There is a fair amount of data available regarding the clinicopathology of
strongyle infestation. The complex process of strongyle infection causes an
inflammatory enteropathy that reduces intestinal motility and microcirculation
(Khan et al., 2015). Although intestinal parasites have long been thought to be a
potential cause of horse colic, there is doubt about the evidence that small
strongyles cause intestinal disorders or colic in horses (Stancampiano et al., 2017).
Cyathostomins can create a condition known as larval cyathostominosis, which is
characterised by the simultaneous inflow of mucosa-dwelling larval phases into the
lumen and the synchronised restart of growth of nhumerous encysted third-stage
larvae, resulting in significant tissue damage. Small strongyle infections have been
linked to lethargy, weight loss, oedema, diarrhoea, pyrexia, colic, intussusception,
infarction, and eventually equine mortality (Amato et al., 2022).

According to Stancampiano et al. (2017), only the larval stage of the large
strongyle, S. vulgaris, is known to produce colic syndrome among strongyles. This
is because thromboembolism and arteritis occur during the parasite’s larval stage’s
movement within the host. Large strongyles are different compared to the small
strongyles as they migrate (Amato et al., 2022.) Thus, lesions caused by Strongylus
sp. have been reported in several organs, including the liver, lungs, pancreas,
omentum, cecum, and colon (Khan et al., 2015; Stancampiano et al., 2017; Kaur et
al., 2019).

For instance, S. vulgaris can severely damage the cranial mesenteric artery
and its branches, preventing blood flow to the intestines. Colic, necrosis,
decreased intestinal motility, intestinal twisting, intussusception, infarction,
bleeding, and intestinal perforation are possible outcomes of this infection (Amato
et al., 2022). In the review by Khan et al. (2015), S. equinus migrated to the pancreas
and liver, while S. endentatus migrated to the liver and flank region. Interestingly,
the cause of mortality in 10% to 33% of stomach crisis cases in horses was
identified as verminous arteritis in the cranial mesenteric artery and its branches
(Khan et al., 2015). There is a phenomenon called arrested development, which is
a complicated issue (Stancampiano et al., 2017). Limited research suggests that
the early development of stage 3 larvae strongyles in equines is likely governed by
a negative feedback mechanism that luminal adults worms impose on the mucosa.
Stancampiano et al. (2017) further explained that the negative feedback may be a
natural mechanism regulating the amount of parasites in horses, which helps to
explain why intestinal strongyles are often well-tolerated by their hosts without
obvious clinical symptoms.

A post-mortem examination conducted by Lyons et al. (2018) revealed
significant findings related to large strongyle infections. The study found that
Strongylus vulgaris caused an aneurysm in the branching arteries, while an
encysted Strongylus edentatus was found in the ventral abdominal wall of one of
the horses. These findings suggest that both large strongyle species can be present
in horses without causing apparent clinical parasitic disease. Additional, others
signs can also be observe other than the gastric area is infarction of left ventral
colon, where non-strangulated colic could occur (Pihl et al., 2017). Phil et al. (2017)
further discover the chronic lesions in the cranial mesenteric artery and its
branches, which were observed in all horses at necropsy, included visible fibrin
deposits, thickening and roughening of the arterial walls, and the inflammation of
the vessel lumen (verminous aneurysms).

Diagnosis method
Identification of strongyles can be divided into quantitative, qualitative, and
molecular diagnoses. Six studies focused more on the qualitative and quantitative
aspects, where faecal sedimentation and Mc Master assessment were conducted
(Ulutas Esatgil and Efil, 2012; Maria et al., 2012; Baran et al., 2019; Khan et al.,
2020; Devkota et al., 2021; Tirtasari et al., 2021). Meanwhile, other studies did
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additional examinations of coproculture and larvae culture, where a morphological
diagnosis can be done to see the species level of the strongyle (Umur and Agici,
2009; Adeppa et al., 2016; Singh et al., 2016; Alborzi et al., 2020; Amoto et al.,
2022). Meanwhile, the molecular assessment incorporating polymerase chain
reaction (PCR) has become more common in recent years (Alborzi et al., 2020; Ai
et al., 2023).

Strongyle infections in live horses are often diagnosed with a straightforward
faecal flotation test with several saturated floatation solutions. Nonetheless, it is
frequently challenging to assess the clinical relevance of infection, and the absence
of parasitic eggs in the faeces does not rule out parasitic illness (Saeed et al., 2019).
The suitable specific gravity (1.200) of a flotation solution, such as sucrose, sodium
nitrate, sodium sulphate, sodium chloride, zinc sulphate, or magnesium sulphate,
aids in the separation of parasite eggs from faeces (Saeed et al., 2019). Several
methods of faecal egg counting methods, such as Mc Master, modified Wisconsin
technique (MW) FLOTAC®, Mini-FLOTAC®, FECPAK®, and Parasight System ®
(Cain et al., 2020) are available, which help in quantifying the number of eggs in an
individual horse and estimating the parasite burden. The estimated result is
presented as EPG, which could be categorised into stages of infections. Mild
infection in horses is indicated by an EPG of 500, a moderate infection of 800-
1000, and a severe infection of 1500-2000 (Singh et al., 2016). However, Saeed et
al. (2019) stated that as the pathogenic stages are typically larvae rather than EPG,
the results of faecal exams should be taken cautiously because egg counts are not
helpful as clinical diagnostic tools.

Larva culture and larva morphological diagnosis may offer more thorough
details regarding the common parasitic species or genus. Several studies have
utilized this method to identify species, ensuring appropriate treatment, assessing
anthelmintic resistance levels, and furthering analysis through Polymerase Chain
Reaction (PCR) (Sharma et al., 2011; Adeppa et al., 2016; Alborzi et al., 2020;
Phetkarl et al., 2024). The identification of the cyathostomin and strongyle species
can be done by measuring the size and the wall of the eggs. For further species-
specific determination, morphological diagnosis can be done by observing the total
length, extension of tail sheath beyond the tail, and the tail shape. The
morphometric data for strongyle species that were previously documented are
organised in Tables 4.

Table 4 Morphometric characteristics of strongyle spps reported by Kachhawa and Dedar (2017)

Criems G Total length Extension of tail sheath Tail sheath Remarks
: (um) beyond tail (um) shape
Strongylus vulgaris 959.00-1164.50 191.80-287.70 Long and pointed 28-32 intestinal cells
triangular shape
Strongylus edentatus 698.70-876.80 123.30-178.10 Blunt 20 indistinct intestinal
cells
Strongylus equinus 776.20-890.50 192.80-274.00 Small trilobed long thin larvae
process
Trichostrongylus axei 589.10-657.60 82.20-123.30 Short and conical More than 16 intestinal
cells
Gyalocephalus 506.90-602.80 137-178.10 Long 12 triangular intestinal
capitatus cells
Oesphogodontus 917.90-1000.10 205.50-274.00 Long and More than 16 triangular
spp- filamentous intestinal cells

Tables 5 present the previously documented morphometric data for
Oesophagodontus  robustus,  Bidentostomum  ivashkini,  Skrjabinodentus
caragandicus, and Petrovinema skrjabini, which are new discovery of strongylid
species in China by Jia et. (2023). This research highlights the importance of
morphological identification in discovering previously undocumented species,
which can serve as a reference for other countries seeking to expand their
understanding of strongyle diversity. Furthermore, sequencing the ITS2 genetic
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marker in P. skrjabini enriches phylogenetic knowledge and provides a valuable
tool for molecular diagnostics and evolutionary studies.

Speaking of molecular diagnostics, PCR is widely utilised in the molecular
determination of strongyle species as it serves as the foundation for other
molecular techniques employed in equine parasitology (Ghafar et al., 2023). The
test relies on identifying variations between different species in the internal
transcribed spacer (ITS)-2 sequences of Strongylus spp. (Saeed et al., 2019).
Molecular techniques are utilised to detect S. vulgaris eggs and larval stages based
on the high ribosomal DNA (rDNA) concentration in these organisms and minimal
genetic variation within strongyle species. Different methods for DNA extraction in
PCR have been employed, but the most preferred samples are faecal or larval
samples (Alborzi et al., 2020; Ai et al., 2023; Phetkarl et al., 2024). Despite variations
in extraction techniques, primer choices for S. vulgaris by Nielsen et al. (2008) have
remained consistent and have yielded robust results (Alborzi et al., 2020; Martins
et al., 2023). Hamad et al. (2024) used the NC1 and NC2 primers (Table 5), and the
ITS-2 gene area was amplified by PCR, followed by a nemabiome metabarcoding,
where the species of strongyle can be shown. A list of primers being used and
targeted genes is shown in Table 6.

Table 5 Morphometric characteristics of cyathostomins species found in China (Jia et al., 2023)

Strongylid species

Mor_pholoqical Oesophagodontus Bidentostomum Skrjabinodentus Petrovinema
diagnosis robustus ivashkini caragandicus skrjabini
M F M F M F M F
Body length (mm) 142-  19.0-23.0 7.6-91 9.0-240 7.9-96  8.3-10.9 12.1 13.5-
15.4 16.8
Buccal capsule width 212.9- 390.6 72.6 46.0- 57.1 64.8 571 46.0-
(um) 335.9 58.0 58.0
Buccal capsule depth 259.5 329.2 70.4 17.0- 29.7 26.8 135.0- 145.0-
(um) 25.0 153.0 180.0
No. of external leaf 18 18 8 8 8 8 28 28

crown

Table 6 Primers used to detect strongyle species

Strongyle spp Gene Primers BP References
S. vulgaris ITS-2 Fwd: 5-GTATACATTAAATAGTGTCCCCCATTCTAG-3 186 (Phetkarl et al., 2024)
Revs: 5-GCAAATATCATTAGATTTGATTCTTCCG-3
Strongylids spp.  ITS-2 Fwd: TAGCTTCAGCGATGGATCGGT 500 Ai et al., 2023
Revs: CTTTTCCTCCGCTAAAT
Cyathostomins ITS-2 Fwd: ACGTCTGGTTCAGGGTTGTT-3 300 Hamad et al., 2024
Spp.- Revs: TTAGTTTCTTTTCCTCCGCT-3
rRna Fwd: GACTAGCTTCAGCGATGGA 350-480 Phetkarl et al., 2024

Revs: AACGYTGTCATACAGGCACT

*BP: Base pair size

Identical methods have been employed to identify and conduct phylogenetic
analyses of various strongyle and cyathostomin parasites, as well as to distinguish
closely related cyathostomin species (Saeed et al., 2019). Molecular identifications
were employed to examine the evolutionary history of the parasite due to the
unavailability of sequences in GenBank for additional molecular analysis.
Additionally, these identifications were used to study the genetic link between
species within the same genus (Alborzi et al., 2020).

In this review, only two studies conducted phylogenetic analysis. A study by
Alborzi et al. (2020) in Iran found that the phylogenetic analysis did not show
significant differences between the positive samples in the current investigation
and previous records of Strongylus vulgaris (Figure 3). However, the Sv1 sample
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was placed in a separate branch from the main S. vulgaris cluster, likely due to a
higher number of nucleotide variations in this particular sample. Similarly, a study
by Ai et al. (2023) in China showed clear genetic differences between large and
small strongyles, with each forming distinct but closely related clades in the
phylogenetic tree (Figure 4). This suggests that, although they share a common
progenitor, these parasites have evolved to occupy different ecological or
physiological niches within their equine hosts. In contrast, the phylogenetic tree
from Brazil (Figure 5) shows less genetic variation among the Brazilian isolates,
which form a genetically conserved population (Martins et al., 2023). This may be
due to their relative isolation or recent introduction to the region. This diversity is
likely influenced by geographic and host-specific factors, with evidence of
interactions between local populations and neighbouring regions.

The outcomes of the study by Alborzi et al. (2020) conformed with other
studies, which revealed the superiority of the PCR approach to the larval culture.
Also, it was highlighted that the PCR approach was the most accurate, sensitive,
rapid, and practicable tool to detect S. vulgaris helminth. It can be employed for
large-scale screening programmes of horse populations, while other approaches
such as reverse line blot (RLB) hybridisation and PCR-enzyme-linked
immunosorbent assay (PCR-ELISA) methods are used to recognise several
parasites such as cyathostomin species concurrently.

34 | Strongylus vulgaris (14F489225.1) Turkey (Horse)
g7 | Strongylus vulgans (KP693439.1) Chires (Donkey)
Strongylus vulgaris (X77883.1) Austeralia and USA (Horse)
z Strongylus vulgarls (KT250817.1) Germany (Horse)
wo [ A Strongylus vulgaris (MT258562 1) lran (Donkey)
Strongylus vulgarts (LC500237.1) Egypt (Donkey)
i A Storgyius wigaris (MT258561.1) Iran (Donkey)

Strongylus edentzius (X77807.1) Austeratia and USA (Horse)
% Strongylus equinus (X77808.1) Ausleralia and USA (Horse)
[

Stongylus asini (X89345.1) Austeralia (Zebra)
i'_— Cyficostephanus minutus (KY495605.1) Chinese (Horse)
Coronacyclus coronatus (KY747448.2) Germarny (Horse)
= Skrjabinodentus caragandicus (KT9884870.1) Chinese (Donkey)
ﬂoﬁcphunus poculatus (AJ004844.1) Austeralin (Horse)

Syngamus trachea (KU315468.1) Czech Republic (Common starfing)

Q10

Figure 3 Phylogenetic tree of S. vulgaris isolates from Iranian donkeys with other strongyle

nematodes based on partial ITS2 sequences (Alborzi et al., 2020).
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o0 — @ Trichostrongylus colubriformis (MT193647 Camelus bactrianus)
82| Trichostrongylus colubriformis (AB908960 Capra acgagrus hircus)
@ Trichostrongylus axei (MT193654 Bos mutus)
11 Trichostrongylus axei (KC998724 Ovis aries)
Trichostrongylus vitrinus (AY439027 Ovis aries)
_— @ Trichostrongylus vitrinus (MT193657 Bos mutus)
100, @ Teladorsagia circumcincta (MT193650 Capra aegagrus hircus)
—{ Teladorsagia circumcincta ( KC998708 Ovis aries )
o — @ Marshallagia marshalli (MT193656 Capra aegagrus hircus)
Marshallagia marshalli (KT428384 Ovis aries)
76 @ Osteriagia ostertagi (MT193664 Bos mutus)
100 Ostertagia ostertagi (KX929994 Ovis aries)
100, @ Mecistocirrus digitatus (MT193661 Bos taurus)
98 —L Mecistocirrus digitatus (AB222059 Mecistocirrus digitatus)
99 @ /Haemonchus contortus (MT193663 Capra aegagrus hircus)
——99{ Haemonchus contortus (LS997564 Haemonchus contortus)
o | @ Cooperia punciata (MT193659 Bos taurus)
: D;"jooperia punctata (MH267777 Cooperia punclata)

70

100

100

@ Cooperia oncophora (MT193655 Bos mutus)
9 L Cooperia oncophora (AB245036 Cooperia oncophora)
| @ Nematodirus oiratianus (MT193658 Capra acgagrus hircus)
100 L—— Nematodirus oiratianus (KR809574 Nematodirus oiratianus)
@ Oesaophagostomuni stephanostomum (MT193646 Bos taurus)
Oesophagostomum stephanostomum (AB821014 Gorilla gorilla gorilla)
@ Chabertia ovina (MT193660 Bos mutus)
Chabertia ovina (KC998759 Ovis aries )
@ Oesophagostomum asperum (MT193665 Ovis aries)
100 Oesophagostomum asperum (KM200806 Capra acgagrus hircus)
@ Strongylus edentatus (MT 193648 Equus caballus caballus)
100 — Srrongylus edentarus (KP693438 Equus asinus)
10— @ Triodontophorus brevicauda (MT193652 Equus caballus caballus)

Triodontophorus brevicauda (KP693436 Equus asinus)

s~ @ Cylicodoniophorus bicoronatus (MT193662 Bos taurus)
Cylicodontophorus bicoronatus (KP693441 Lquaws asimus)

@ Cylicocyclus nassatus (MT193649 Equus caballus caballus)
Cylicocyclus nassatus (MF489228 Equus caballus)
Cyathostonum catinatum (KY495603 Equus caballus)
@ Cyathostomum catinatum (MT193653 Equus caballus caballus)
@ Cylicosiephanus longibursarus (MT193651 Equus caballus caballus)
100! Cylicostephanus longibwrsarus (KM085359 Equus asinus)

99

99

97

Figure 4 Phylogenetic tree of large and small strongyles from Chinese isolates, illustrating the

genetic differences between the two groups based on partial ITS2 sequences.
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r Strongylus vulgaris, horse, Australia and USA (X77863.1)
Strongylus vulgaris, pony 350, Brazil (0Q378227)
Strongylus vulgaris, pony 344, Brazil (0Q378225)
Strongylus vulgaris, pony 343, Brazil (0Q378225)
Strongylus vulgaris, pony 346, Brazil (0Q378226)
Strongylus vulgaris, horse, Germany (KT250617.1)

LSn'ongy/as vulgaris, pony 1, Brazil (0Q378216)

s

Strongylus vulgaris, horse, Turkey (MF489225.1)
“| Strongylus vulgaris, donkey, China (KP693439.1)
Strongylus vulgaris, donkey, Iran (MT258562.1)
- Strongylus vulgaris, donkey, Iran (MT258561.1)
— Strongylus vulgaris, donkey, Egypt (LC500237.1)
Strongylus edentatus, horse, Australia and USA (X77807.1)
Strongylus eguinus, horse, Australia and USA(X77808.1)
Strongylus asini, zebra, Australia (X99345.1)
Cylicostephanus minutus, horse, China ( KY495605.1)
" Cylicostephanus poculatus, horse, Australia (AJ004844.1)

100

Shkrjabinode s caragandicus, donkey, China (KT984870.1)
Syng s frachea, Republica Tcheca (KU315466.1)

Figure 5 Phylogenetic tree of S. vulgaris isolates from Brazilian equines, showing

a genetically conserved population with limited variation.

Treatment and control

The use of broad-spectrum anthelmintics, such as macrocyclic lactones and
benzimidazoles, has led to a sharp decline in the number of giant strongyle worms
(Saeed et al.,, 2010). Tetrahydropyrimidines, macrocyclic lactones, and
milbemycins are the three anthelmintic drug classes identified in the studies
included in this systematic literature review. In the study by Cirak and Gilegen
(2005), the horses were orally given pyrantel embonate (19 mg/kg body weight)
ivermectin (0.2 mg/kg body weight) or moxidectin (0.4 mg/kg body weight) based
on the recommended dose. Given that S. vulgaris has a lengthy prepatent period
of 6-7 months, treating horses with an efficient anthelmintic every three months
would eradicate this parasite (Martins, et al., 2023)

Various types of anthelmintic drugs are used for the prevention and
treatment of strongyle and it is listed out in Table 7. Antiparasitic drugs classified
under the benzimidazole group, such as fenbendazole, aid in the treatment of
lungworm and migratory strongyle infections, as well as gastrointestinal
helminthiases (Gokbulut and McKellar, 2018). It was discovered that the
benzimidazoles and colchicine, a chemical known to stop cell division in the
metaphase, fought for the attachment point on B-tubulin. Imidazothiazoles are the
class drug group of pyrantel, morantel, and oxantel. Pyrantel, which is known as a
well-used drug, is administered orally as a paste or granule at a therapeutic dose
of 6.6-13.2 mg/kg after a single oral administration and is highly effective (95%-
97 %) against adult cyathostomins and S. vulgaris, with moderate activity against
S. edentatus (70%) (Gokbulut and McKellar, 2018). Natural and semisynthetic
compounds such as ivermectin, abamectin, moxidectin, doramectin, eprinomectin,
selamectin, and milbemycin oxime are examples of macrocyclic lactones.
Meanwhile, ivermectin is incredibly effective in adult Strongylus species, arterial
stages of S. wulgaris, and migrating S. edentatus (Gokbulut and McKellar,
2018).Praziquantel is usually being used in combination with other anthelmintic
groups such as macrocylic lactones. These combinations may broaden the
spectrum of effectiveness and postpone the development of medication resistance
against equine parasites (Gokbulut and McKellar, 2018).

Open Access Copyright: ©2026 Author (s). This is an open access article distributed under the term of the Creative Commons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution, and reproduction in any medium or format, as long as you give appropriate credit to the original author (s) and the source.
BY



19

Table 7 Anthelmintics used for horse management, reference from Cirak and Gulagen (2005) and
Gokbulut and McKellar (2018)

Anthelmintics

Dosage & Administration Route

Tetrahydropyrimidines/Imidazothiazoles

Pyrantel Embonate
Pyrantel tartrate
Morantel

Macrocylic Lactones
Ivermectin

19 mg/kg, PO
6.6 mg/kg, PO
7.5-12.5, PO

0.2 - 0.5 mg/kg, PO .

Doramectin 0.2 mg/kg, PO; 0.2 mg/kg IM.
Abamectin 0.2 mg/kg, PO
Milbemycins

Moxidectin 0.4 mg/kg,PO
Benzimidazoles

Cambendazole 20 mg/kg, PO
Parbendazole 2.5 mg/kg, PO
Thiabendazole 50 mg/kg, PO
Mebendazole 8.8 mg/kg, PO
Fenbendazole 7.5 mg/kg, PO
Oxfendazole 10 mg/kg, PO
Oxibendazole 10 mg/kg, PO
Albendazole 5 mg/kg,PO
Triclabendazole 12 mg/kg, PO
Isoquinoline

Praziquantel 1.0 mg/kg, PO
Organophosphates

Trichlorfon 40 mg/kg, PO

PO: per os (orally); IM: intramuscular
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In terms of prevention and control, Amoto et al. (2022) stated that poverty
could be linked to exposure to parasitic infestations. Therefore, it is necessary to
develop and implement a herd health management system and an efficient,
methodical, and sustainable deworming programme in an environment with limited
resources to lower the prevalence and relative burden of the disease, as well as
manage the nutrition of the horses (Amoto et al., 2022). In Vietnam, faeces are used
as a fertiliser, leading to more pasture contamination of strongyle species (Holland
et al., 2001).

However, different approaches to management can be taken, such as
measuring the efficacy of the drug and avoiding anthelmintic resistance by
implementing programmes such as an egg reappearance period (ERP). The ERP is
the period following anthelmintic treatment during which egg counts do not exceed
a given threshold, like 200 EPG. A reading over this threshold suggests that
additional therapy is required. Another strategy for control involves applying the
80:20 rule, which states that 80% of strongyle egg shedding originates from 20%
of the horses on a farm. A study by (Stoughton et al., 2023) supported this concept
and demonstrated the effectiveness of administering anthelmintic drugs
specifically to high shedders, thereby reducing the risk of anthelmintic resistance.
In addition, conducting occasional Feacal Egg Count Reduction Tests (FECRT) can
help monitor anthelmintic resistance by comparing the eggs per gram (EPG) of
faeces before and after the administration of anthelmintic drugs

FECR (%) = ((mean EPG Day 0 — mean EPG Day 0
+7Y) /mean EPG Day 0) x 100
With Day 0 + Y meaning the respective sampling date post-treatment (Cirak et al.,
2004)

It is generally recommended to avoid treating strongyles during the winter in
cold temperate areas and during the summer in warm/hot climates to prevent
anthelmintic resistance from developing. Further research is required for a
comprehensive quantitative description of strongyle larval bionomics and a better
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understanding of their basic epidemiology, as knowledge of larval ecology is a
requirement for the establishment of logical anthelmintic control programs (Khan et
al., 2015).

CONCLUSIONS

In conclusion, the present review reveals that although large strongyles are
still dominant, cyathostomin species are re-emerging due to anthelmintic
resistance. The geographical location plays a significant role in the presence of
strongyle species as it is affected by the weather. The prevalence of strongyles
correlates with a few of the predisposing factors listed in the studies. However,
findings on treatments across Asia are still limited, and strongyles remain the major
health concern in horses worldwide as it could lead to fatality. While the included
studies cover important topics such as prevalence, diagnostic methods, therapy,
and preventive management, certain locations are under-represented. Despite
these limitations, this review provides a solid framework for identifying patterns,
highlighting knowledge gaps, and proposing areas for further research on
strongyles as it remain the major health concern in horses worldwide. More
extensive studies should be done in terms of determining the prevalence of
strongyle, treatment and management across Asia to discover even more species
as well as more treatment protocols used.
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