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Abstract: Equine strongyles are harmful gastrointestinal parasites affecting horses’ health
and productivity. In tropical regions, environmental conditions, including temperature and soll
type, significantly influence the development and survivability of strongyle larvae. This study
aims to assess the development and survival of third-stage larvae (L3) of strongyles under
different temperatures and soil types commonly found in Malaysia. Faecal samples from five
adult horses aged between 22—-24 years that were kept under a semi-intensive management
system and had no history of recent anthelmintic treatment for the past six months and did
faecal culture at various controlled temperatures: 21 £ 1°C, 26 £ 1°C, 29+ 1°C, and 32 + 1°C,
and soil type (peat, clay, residual, and sandy). The presence of strongyle eggs was identified
using faecal floatation, while larval development was monitored daily for 30 consecutive days
using the Baermann technique and light microscopy. The time required for development from
egg to L3 was shortest at 29-32°C (5-6 days) and longest at 21-26°C (8-9 days). Peat soil
supported the highest survivability (up to 68%) compared to sandy and clay soils, which had

the lowest survivability (50% and 41% respectively). This study highlights the role of tropical



soil environments in larval survival. It offers insights into improved parasite control strategies,
suggesting future investigations using field trials to explore the role of faecal moisture and

microbial interactions in L3 persistence.
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INTRODUCTION

Parasitic infection is a prevalent issue that compromises horses' health. Equine strongyles
(Order: Strongylida) are the most common endoparasites in horses that significantly impact
their health and welfare. These nematodes are divided into two main groups: large strongyles
(Strongylus spp.) and small strongyles (Cyathostominae), both of which inhabit the large
intestine of equids. Strongyles have two distinct phases of the life cycle: the development of
fourth-stage larvae (L4) into adult worms in the horses' gastrointestinal tract, where they
absorb nutrients from the host, and then expel their eggs into the environment with the horses'
faeces. The second phase involves the hatching of eggs into first-stage larvae (L1), then later
developing into second-stage larvae (L2), followed by third-stage larvae (L3). L3 contaminated
pastures in the paddock will be ingested by horses while grazing to meet their dietary and
nutritional needs (Joo et al., 2022).

It is one of the significant causative agents for intestinal necrosis, resulting in colic that
may lead to fatality. Studies have shown a correlation between the presence of parasites in
the gastrointestinal tract and the occurrence of colic in horses, which is also prevalent across
temperate and tropical regions (Kegan & Gary, 2018; Hedberg-Alm, 2020; Kuzmina et al.,
2016; Mathewos et al., 2021). Strongyle infection in horses can have profound health
implications that impact their overall well-being and performance (Emeto et al., 2022). The
methods for diagnosing strongyle infections in horses include faecal egg counts (Ghafar et al.,
2021) and monitoring for clinical signs, such as changes in anaemia, appetite, dull coat,
lethargy, and recurrent colic (Smith et al., 2025; Mair & Sherlock, 2023). Horse owners must
be vigilant and proactive in monitoring their horses' health and seek veterinary care if they
suspect a strongyle infection. Early detection and treatment are crucial in preventing further
complications and ensuring the horse's overall well-being.

Environmental factors such as temperature, humidity, and soil type influence the
development, survival, and dissemination of these larvae (Tzelos et al., 2019; Merlin et al.,
2022) Ambient temperature, humidity, precipitation, soil composition, and vegetation structure
all have a direct impact on the parasite's free-living larval stages' growth, survival, and
transmission (Jas et al., 2022). These ecological parameters also play an important role in

developing effective parasite control strategies. Optimal larval development occurs at
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temperatures ranging from 20°C to 30°C and humidity levels exceeding 70%. In contrast,
extreme heat or dryness causes larval death (Rose Vineer et al., 2020). Seasonal climatic
fluctuations thus influence pasture contamination and the risk of infection.

Despite numerous studies in temperate climates (Kuzmina, 2016; Bellaw et al., 2016;
Tydén et al., 2019; Job et al., 2022; Tzelos et al., 2019), data on tropical regions remain limited
(Villa-Mancera et al., 2021, Mathewos et al., 2021, Molento et al., 2024). It is unknown whether
the tropical region, such as Malaysia, with year-round high temperatures and humidity, will
result in a distinct life cycle of the strongyle. Additionally, the different soil types in this region
have different textures, moisture retention, nutrient content, and pH levels, which may
contribute to a variable environment for the larvae' survivability, which has not been
studied. For example, larvae live longer in moist, loamy soils than in drier, sandy soils
(Sanchez et al., 2022).

Management of L3 control at the farm is crucial for reducing parasitic infections in
horses. With ongoing climate change, strongyle transmission patterns are changing, often
expanding risk zones and altering traditional infection peaks (Chylinski et al., 2021). Alongside
anthelmintic programs, rotational grazing is one of the common parasitic management
strategies. Adequate rotational grazing recommends rotating different grazing areas three
times a month to break the life cycle of the larvae and reduce the L3 population in various
seasonal climates of the temperate region (Donaghy et al., 2021). However, the 3-month
rotation may not be effective in a tropical environment. Thus, this paper emphasises the
importance of adaptive and location-specific parasite control strategies, such as selective
deworming, rotational grazing, and climate-based monitoring systems.

Due to a lack of knowledge or awareness regarding the life cycle of parasites in
tropical climates, especially the important parasite Strongyles, or when the best time to use
anthelmintics is, these drugs can become less effective over time, which makes them more
expensive. The cost of anthelmintics for a single dose in the context of horse treatment often
falls within the range of RM 117 to RM 186, as indicated by the prevailing prices offered by
various anthelmintic suppliers in Malaysia. As a result, stable owners with more than ten
horses incur significantly higher expenses to treat the horses every three or six months in a
year.

This paper delves into the free-living stage of strongyles in a tropical setting, using Malaysia
as a representative model. The country is recognised for its consistently high temperatures
and diverse soil composition. A deeper understanding of the strongyle life cycle under these
conditions is expected to improve parasite management in the tropics. It leads to more
effective and efficient eradication strategies at farms, and the integration of environmental data
with parasite surveillance can significantly improve the precision and sustainability of parasite

management strategies (Morgan et al., 2023).
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MATERIALS AND METHODS

Ethical Statement

No animal handling or discomfort occurred during sample collection for this study. Therefore,

this study did not require ethical approval.

Experimental Animals

Five adult horses aged between 22 and 24 years were selected. The horses were kept under
a semi-intensive management system and had no history of recent anthelmintic treatment for

the past six months.

Experimental Design

This study employed a fully randomised design consisting of 16 experimental groups, each
representing a distinct combination of environmental exposure: (1) an air-conditioned room
with a regulated temperature of 21 £ 1°C, 2) a room with room temperature of 26 £ 1°C, 3)
outside the building under shelter that regulated mean temperature of 29 + 1°C, 4) a room
heated with a lamp that regulates the temperature at 32 £ 1°C.) and soil type (peat, clay,
residual, and sandy). Each group included 30 experimental units, resulting in a total of 480
units. An experimental unit was defined as a 5g soil sample that contained strongyle eggs
derived from the faeces of naturally infected horses. Faecal samples, mixed with soil samples,
were collected from naturally infected horses maintained at a stable, which had not received
anthelmintic treatments for at least six months before sampling. This is to ensure the presence
of viable strongyle eggs without confounding effects from recent drug administration.

While no replication was used at the group level, five subsamples were collected per
unit, and larval counts were calculated as the mean of the five observations. The total number
of experimental units (N = 480) was determined based on logistical feasibility and past studies,
which have demonstrated that sample sizes of this scale are adequate to detect significant
differences in larval development and survival across various soil and environmental
conditions. The number of units per group (n = 30) was selected to allow sufficient statistical
comparison across treatment groups.

The independent variables in this study were environmental exposure and soil type,
as stated previously. The dependent variable was the number of third-stage larvae (L3)

survivability from each soil unit. This observation was made over 30 consecutive days. Larval
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counts were counted per gram of soil and expressed as the mean of five subsamples per unit.
Temperature and humidity at each site were continuously monitored using hygrometer loggers

to maintain the parameters (Rose Vineer et al., 2020).

Parasitological Examinations

Faecal floatation and morphological identification

The horse's fresh faeces were collected in the morning after their first meal. The faecal
samples from each horse were individually analysed for strongyle egg count per gram (EPG)
of faeces as a routine to confirm the presence of the strongyle eggs. Faecal floatation was
carried out to detect strongyle-type eggs before culture.

Four grams of faeces from the sample were mixed with 26 ml of saturated glucose solution
(D-(+)-Glucose 5% wi/v Solution, Chemiz) and stirred until well mixed. Then, the mixture was
strained by using a strainer to separate the solution from the large residue and poured into a
centrifuge tube. The centrifuge tube was then centrifuged at 165 rpm for 5 minutes. After that,
the centrifuge tube was filled with a glucose-saturated solution until a meniscus formed on top
of the tube. A coverslip was put on the meniscus to allow the eggs to float to the top of the
centrifuge tube for 5 minutes. Then, the coverslip was placed on the slide, and the
identification of the strongyle egg was performed using a light microscope at 40x and 100x
magnification, confirming the morphology of the eggs, which are oval-shaped, with a lighter
colour around the edges and darker in the middle (Figure 1). Due to morphological similarity,

genus identification was not possible via egg morphology (Bellaw & Nielsen, 2015).



Figure 1: Strongyle eggs are oval, dark in the middle and lighter around the edge.

McMaster faecal egg count (FEC)

Quantification of strongyle egg burden was performed using the McMaster technique. 4 grams
of faeces from the sample were mixed with 26 ml of saturated glucose solution (D-(+)-Glucose
5% w/v Solution, Chemiz) and stirred until well mixed. Then, the mixture was strained by using
a strainer to separate the solution from the large residue. The suspension was immediately
loaded into both chambers of a McMaster slide (Eggzamin™) and left for five minutes. Under
a light microscope with 40x and 100x magnification, the number of eggs present in the grids
within both chambers of the slide was counted. By using the multiplication factor of 20 EPG,
the total number of eggs presented in both chambers is multiplied by 20 to get the number of
EPG (Vadlejch et al., 2011). This method is widely accepted for its simplicity and moderate

sensitivity in estimating parasite loads.



Faecal culture and strongyle recovery (Baermann) technique

Faecal culture was used to develop strongyle-type eggs into their infective third-stage larvae
(L3) under semi-natural, controlled conditions. In this study, faecal cultures were prepared by
thoroughly mixing 1kg of fresh feces with 1kg of soils (peat, clay, residual, and sandy) then
placed in a wooden boxes and were incubated at four controlled different temperatures: 21 +
1°C, 26 £ 1°C, 29 + 1°C, and 32 + 1°C. During this time, the eggs hatched and progressed
through the L1 and L2 stages before developing into the infective L3 stage (van Wyk &
Mayhew, 2013). The temperature of the ambience and soil was monitored using a hygrometer
to maintain the parameters. The moisture of the mixture was retained by spraying with
approximately 50 ml of water daily. Ventilation was provided in the area to prevent anaerobic
conditions (Zhou et al., 2019)

A Baermann technique was used to determine larvae count per gram (LPG). A 10 g
portion of faecal culture was placed in the funnel and soaked with approximately 50 ml of warm
water. The setup was allowed to stand undisturbed for 12 to 24 hours. Motile larvae migrated
out of the faecal mass, moved downward through the water, and collected at the bottom of the
funnel. A few drops of Lugol's iodine solution were used to immobilise the larvae for
morphological identification under a light microscope of 40x and 100x magnification.

The morphology of the L1 and L2 of the strongyle larvae was determined by the
oesophagus stages (Lyons & Tolliver, 2015). Both L1 and L2 have a rhabditiform oesophagus,
which has an anterior thick region and a posterior bulb. Meanwhile, L3 was determined by the
number and shape of intestinal cells (IC) (Amer et al., 2022). The ratio of eggs and larvae, as

well as the development and survivability of larvae, were observed for 30 consecutive days.

Soil Analysis

The types of soil studied in this research are those commonly found in horse establishments
in Malaysia. The four soils are peat, clay, residual, and sandy soil. These soils are commonly
found in the grazing paddocks and riding arenas. In this study, the soil samples were taken

from identified places free from horses.
Physical characteristics
Samples of each soil type were analysed to determine the parameters of physical properties,

including the soil's texture and moisture (FAO, 2020). The soilThe soil texture triangle is used

to classify soil texture. The ribbon method was used to determine the moisture content in soil.



Chemical characteristics

The soil pH was assessed using an electrometric apparatus with a glass electrode sensitive
to hydrogen ions (H+). Meanwhile, the salinity of the soil measuring nitrogen, phosphorus,
cations potassium (K+), magnesium (Mg2+) and calcium (Ca2+), boron and ferum was

measured using electrical conductivity (EC).

Statistical Analysis

The statistical analysis was conducted using IBM SPSS Statistics (Version 26) to analyse the
correlations (ANOVA) between different temperatures, types of soils, and and the
development and survival rates of larvae. Differences between variables were considered

significant at p < 0.05 for all statistical tests.

RESULTS

The results elucidate the percentage of strongyle eggs, L1, L2, and L3 development over 30
days in four types of soil at four different environmentalenvironmental temperatures. The
survival of L1, L2, and L3 cultured in four different types of soil and at various temperatures

was observed over 30 days.

Development Time of Strongyle Larval Stages

Figures 2a, 2b, 2c, and 2d each show the duration of strongyle eggs developed to free-living
L1 and L3 in four different temperatures ranging from 21 + 1°C to 32 + 1°C on the peat,
residual, sandy, and clay soil, respectively. Across all soils (peat, residual, sandy, and clay),
progression to L1 occurred in 1-2 days,, depending on the temperature; at 26—-32 °C, hatching
was completed in 1 day, while at 21 °C, it required 2 days. Development to L3 followed a clear
temperature gradient: at 26°C, L3 appeared in 7-9 days; at 29-32°C, this period shortened to
5-6 days (Figures 2a—d).

The survival of L3 was observed at four different temperatures and in four different
soils for 30 days. The L3 survived all four types of soils throughout the observation period at
temperatures 21 £ 1°C, 26 = 1°C, and 29 + 1°C. However, at a temperature of 32 £+ 1°C, L3
only survived up to D27, which varies depending on the type of soil. Figure 3 shows that L3
survived for up to 27 days on peat soil, 25 days on residual soil, and 24 days on sandy sail,

respectively, and for 23 days on clay soil.



There was a significant difference between the temperatures and time taken for the
development of strongyle larvae from eggs into L3 (p < 0.05). There was no significant

difference in the development of larvae in all four soil types.
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Figure 2: Time taken (day) by strongyle eggs to develop into L1, L2 and L3 in 21 + 1°C, 26
1°C, 29 + 1°C and 32 + 1°C environment temperatures on (a) peat soil; (b) residual soil; (c)

sand soil; and (d) clay soil.
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Figure 3: Development of L3 at different temperatures on 4 soil types.

Survivability of L3 in Different Temperatures and Soil Types

L3 survival declined with increasing temperature across soils. At 21 °C, survival to Day 30
ranged from 41% (clay) to 68% (peat); at 26 °C, 35-58%; at 29 °C, 34-55%; and 32 °C,
survival dropped sharply (21-45%) with larvae surviving only until Days 23-27 (Table 1).

Survival differences across soil types and temperatures were significant (p < 0.05).

Table 1: The parameters of soil and the survivability rate of larvae among the different

temperatures and soils.

Parameter of soil Peat soil  Residual soil Sandy soil Clay soil p-value
Total nitrogen (%) 1.17 0.24 0.07 0.03 <0.05
Total phosphorus (Mg/kg) 982 171 235 45 0.231
Exchangeable cation K* 0.05 0.1 0.05 0.12 <0.05
(Me/kg)

Exchangeable cation Mg?* 0.04 0.16 0.07 0.15 <0.05
(Me/kg)

Exchangeable cation Ca2?* 0.44 0.7 04 4.2 <0.05
(Me/kg)

Boron (Me/kg) <0.1 <0.1 16 <0.1 0.446
Ferum (%) 2.67 2.53 0.1 1.95 <0.05
pH value 7 6.5 6 8 <0.05
Texture Loam Sandy clay Sandy loam Clay

Moisture (%) at 21 +1°C 75-100 75-100 50-75 50-75
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Moisture (%) at 26 + 1°C 50-75 50-75 50-75 50-75

Moisture (%) at 29 + 1°C 50-75 50-75 50-75 50-75

Moisture (%) at 32 + 1°C 25-50 25-50 0-25 0-25

L3 survival rate (%) at 21 + 68 63 50 41 <0.05
1°C

L3 survival rate (%) at 26 + 58 56 44 35 <0.05
1°C

L3 survival rate (%) at 29 + 55 51 45 34 <0.05
1°C

L3 survival rate (%) at 32 + 45 38 36 21 0.594
1°C

p-value <0.05 <0.05 <0.05 <0.05

Notes: K = potassium; Mg = magnesium; Ca = calcium

DISCUSSION

This study tested the hypothesis that warmer temperatures would accelerate strongyle larval
development but shorten their survivability, while soil type would influence larval survival but
not development duration. The objectives were: (a) to quantify the development and survival
of strongyle larvae in peat, residual, sandy, and clay soils across four temperature regimes,
and (b) to inform pasture management strategies for grazing horses.

The results confirmed that temperature significantly influences larval development,
with L3 larvae appearing in 9 days at 26°C and accelerating to 5—6 days at 29-32 °C. These
findings align with those of Merlin et al. (2022), who documented faster development at higher
temperatures, and complement earlier laboratory studies (Mfitilodze & Hutchinson, 1987;
Nielsen et al., 2007), which reported optimal development between 20 °C and 33°C and
accelerated larval maturation at approximately 28 °C. However, survival decreased sharply at
high temperatures: L3 persisted only until Days 23-27 at 32°C, consistent with studies by
Nielsen et al. (2007), which showed reduced larval longevity above 30 °C.

While soil type influenced absolute survival percentages, it did not affect development
timing. Peat soil exhibited the highest L3 survival (68% at 21°C) due to its high moisture
retention, whereas clay and sandy soils showed lower survival rates. Kuzmina et al. (2006)
demonstrated prolonged larval persistence in damp soils, and Salley et al. (2018) and Pepper
& Brusseau (2019) further emphasised the role of soil texture and moisture in larval survival,
indicating that soil influences larval persistence mainly through moisture retention rather than
developmental inhibition.

The results of this study show that the larvae took a longer time to develop but survived
for more than 30 days on peat soil at relatively cooler temperatures in a tropical environment.
Unlikely on L3 on clay soil, they developed more quickly but survived for a shorter period. On

a global scale, the larvae took more time to mature. In temperate countries, the larvae took 33

13



to 48 days to mature to the L3 stage in cold temperatures (7.5°C to 8°C), whereas the time
was significantly shorter (1.7 days) at 37°C (Merlin et al., 2022).

Peat soil, with higher moisture retention, provided the longest L3 survivability (up to
68% at 21°C), highlighting its role as a reservoir of refugia. This observation is supported by
field studies demonstrating enhanced larval persistence in moist substrates (Kuzmina et
al., 2006). Clay and sandy soils exhibited lower survival rates under comparable conditions,
indicating that bulk density and moisture constraints negatively impact larval viability.
Therefore, peat soil’'s moisture retention and high organic matter content likely contributed to
higher larval survivability, in contrast to clay and sandy soils (Salley et al., 2018; Pepper &
Brusseau, 2019). Naturally, clay soil is heavy and dry, but peat soil has a loamy texture and
is wet (Salley et al., 2018).

A study reveals that moisture, or humid soil, influences the survival of L3 larvae and
the development of the infective stage (Purwati et al., 2017). Pores of water-saturated soils
are filled with water, while dry soils have a relatively low soil moisture content because most
of the pores in the soil are filled with air (Pepper & Brusseau, 2019). Studies by Blazejak et al.
(2022) and research on pasture rewetting consistently link elevated soil moisture to higher
parasite infection risk, supporting our observation that peat’s high moisture content fosters L3
refugia. Weiss et al. (1998) modelled peat soil moisture retention, reinforcing peat’s role as a
larval survival medium. Peat soil can retain moisture more effectively, which increases the
survival rate of larvae compared to that on clay soil.

The application rates of nitrogen and phosphorus fertilisers influenced the soil
nematodes. High nitrogen levels in the soil can inhibit the free-living stage of parasitic larvae,
while low phosphorus levels may hinder their development (Ni et al., 2024). However, in this
study, the soil abundance of nitrogen had a higher number of larvae that survived. This finding
contradicts the earlier study, and further research is warranted to investigate this discrepancy.
In addition to that, the soil contains low amounts of exchangeable cations such as potassium
(K+), magnesium (Mg2+), and calcium (Ca2+), and high ferum creates favourable conditions
for parasites to thrive. A study revealed that exchangeable cations have a positive impact on
parasites (Sumboh et al., 2023).

To conclude, parasites tend to thrive in neutral and mildly acidic environments, as
opposed to those with higher acidity and alkalinity levels. Therefore, the combination of
abundant nitrogen, exchangeable cations, and optimal pH levels could create the perfect
conditions for larvae to grow and multiply. The texture and moisture also contribute to the high
larva counts as the soil is loam and has a moist texture. These findings shed light on the
complex interactions between soil nutrients and parasite development, highlighting the need

for further research in this area.
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The interplay of temperature, soil, and moisture has been well-documented globally.
English (1979), Hutchinson et al. (1989), and Ogbourne (1973) all emphasised the key role of
moisture in larval migration in tropical climates and temperature in temperate zones.
Moreover, Kuzmina et al. (2006) reported that overwintering L3 larvae occurred under faecal
pats, and Osterman-Lind et al. (2022) found that strongyle larvae survived up to 3 months at
20-28 °C in faeces. These findings align with our observations from tropical temperatures and
support the role of peat as a refuge.

These findings have direct relevance to equine parasite control. In tropical climates,
rapid L3 development at higher temperatures increases infection pressure but may be offset
by decreased survival, limiting long-term pasture contamination. Nonetheless, peat-based or
shaded paddocks should be avoided during wet and cool seasons, as they may sustain L3
refugia for more than 30 days, thereby extending the risk of infection. On clay-based soils
during heat, L3 may persist for only ~23 days, reducing the infectivity period.

The hypothesis for this study is supported: temperature significantly affects both the
duration of development and the survivability of larvae, but soil type only impacts survival, not
development. Future investigations, such as field trials (e.g., pasture paddock rotation
studies), are needed to validate these findings and explore the role of faecal moisture and

microbial interactions in L3 persistence.

CONCLUSIONS AND SUGGESTIONS

Peat soil is conducive for the development of strongyle eggs to the L3 stage, with the highest
count observed on day 9 at 29+1°C. Sandy and clay soils are detrimental to the larvae, as
evidenced by a low percentage of L3 larvae that developed and did not survive beyond 25
days at 32+1°C (p < 0.05). Paddocks with peat soil can be used for grazing for up to 6 days
during the cool, wet season and 5 days during the warm season, and then rotated for 30 days
to ensure effective parasite management.

From this study, pasture management is one of the methods to eradicate parasites in
the field. This includes scheduled rotational grazing of determined areas to reduce L3
exposure to animals. It is recommended not to use peat soil paddock for horses to graze
during wet and cool temperatures because the survival rate of L3 lasts for more than 30 days

at the highest count among the studied soil types.

ACKNOWLEDGEMENTS

The authors of this paper express heartfelt gratitude to all the staff of Nadi Equestrian at UTM

Equine Park and the livery horse owners for their permission for faecal sample collections for

15



this study. The authors also would like to acknowledge Dr. Leong Hong Yeng, a soil science
expert from the Faculty of Science, UTM Malaysia for the insights and feedback on the soil
identification methods and nomenclature in this paper for clarity and consistency. This study
were partially funded by Universiti Teknologi Malaysia’s SME Innovative Technology Grant
(Ref no:PY/2022/04599.J130000.4823.00Q06).

AUTHORS’ CONTRIBUTIONS

Idzana A.M.: Conducted the experiments, analyzed the data, and contributed to the results
section

Fuziaton B.: Conceptualized the study, developed the methodology, and wrote the initial draft
Peng T.L., and Jasni S.: Reviewed the literature, contributed to the discussion, and provided

critical feedback on the manuscript.

REFERENCES

Amer, M. M., Desouky, A. Y., Helmy, N. M., Abdou, A. M., & Sorour, S. S. (2022). Identifying
3rd larval stages of common strongylid and non-strongylid nematodes (class:
Nematoda) infecting Egyptian equines based on morphometric analysis. BMC
Veterinary Research, 18(1). https://doi.org/10.1186/s12917-022-03526-8

Bellaw, J. L., & Nielsen, M. K. (2015). Evaluation of Baermann apparatus sedimentation time
on recovery of Strongylus vulgaris and S. edentatus third stage larvae from equine
coprocultures. Veterinary Parasitology, 211(1-2), 99-101.
https://doi.org/10.1016/j.vetpar.2015.05.001

Bellaw, J. L., Pagan, J., Cadell, S., Phethean, E., Donecker, J. M., & Nielsen, M. K. (2016).
Objective evaluation of two deworming regimens in young Thoroughbreds using
parasitological and performance parameters. Veterinary Parasitology, 221, 69-75.
https://doi.org/10.1016/j.vetpar.2016.03.018

Blazejak, K., Raue, K., Jordan, D., & Strube, C. (2022). Pasture rewetting in the context of
nature conservation shows no longlong-term impact on endoparasite infections in
sheep and cattle. Parasites & Vectors, 15, 33. https://doi.org/10.1186/s13071-022-
05155-4

Chylinski, C., van Dijk, J., Rose Vineer, H., & Morgan, E. R. (2021). Climate-driven changes
to the temporal dynamics of strongyle infections in grazing livestock. Parasites &
Vectors, 14(1), 122. https://doi.org/10.1186/s13071-021-04634-1

Donaghy, D., Bryant, R., Cranston, L., Egan, M., Griffiths, W., Kay, J., ... & Tozer, K. (2021).

Will current rotational grazing management recommendations suit future intensive

16


https://doi.org/10.1186/s12917-022-03526-8
https://doi.org/10.1016/j.vetpar.2016.03.018

pastoral systems? NZGA: Research and Practice Series, 17, 225-242.
https://dx.doi.org/10.33584/rps.17.2021.3464

Emeto, U. E., Okolo, C. C., & Nweze, N. E. (2022). Strongyliasis occurs in epidemic proportion
amongst other nematodiasis and cestodiasis of horses (Equus caballus) in Obollo-Afor
southeastern Nigeria. Veterinary Sciences: Research and Reviews, 8(1), 15-22.
https://dx.doi.org/10.17582/journal.vsrr/2022.8.1.15.22

English, P. R. (1979). The influence of moisture on strongyle larval migration in tropical
climates. Veterinary Parasitology, 5(3), 199—-208.

Food And Agriculture Organization of The United Nations. (2020). Soil Testing Methods
Manual: Doctors Global Programme-a Farmer-to-farmer Training Programme. Food &
Agriculture Org (FAO). https://doi.org/10.4060/ca2796en

Ghafar, A., Abbas, G., King, J., Jacobson, C., Hughes, K. J., El-Hage, C., Beasley, A.,
Bauquier, J., Wilkes, E. J. A., Hurley, J., Cudmore, L., Carrigan, P., Tennent-Brown,
B., Nielsen, M. K., Gauci, C. G., Beveridge, |., & Jabbar, A. (2021). Comparative
studies on faecal egg counting techniques used for the detection of gastrointestinal
parasites of equines: A systematic review. Current Research in Parasitology & Vector-
Borne Diseases, 1, 100046. https://doi.org/10.1016/j.crpvbd.2021.100046

Hedberg-Alm Y, Penell J, Riihimaki M, Osterman-Lind E, Nielsen MK, Tydén E (2020).
Parasite Occurrence and Parasite Management in Swedish Horses Presenting with
Gastrointestinal Disease—A  Case—Control  Study. Animals, 10(4):638.
https://doi.org/10.3390/ani10040638

Hutchinson, G. W., Abba, S. A., & Mfitilodze, M. W. (1989). Seasonal transmission of equine
strongyle larvae to herbage in tropical Australia. Veterinary Parasitology, 33(3—4),
251-263. https://doi.org/10.1016/0304-4017(89)90135-0

Jas, R., Hembram, A., Das, S., Pandit, S., Baidya, S., & Khan, M. (2022). Impact of climate
change on the free-living larval stages and epidemiological pattern of gastrointestinal
nematodes in livestock. Indian J Anim Health, 61(2), 83-94. DOI:
https://doi.org/10.36062/ijah.2022.spl.03022

Joo, K., Truzsi, R. L., K&lman, C. Z., Acs, V., Jakab, S., Baba, A., & Nielsen, M. K. (2022).
Evaluation of risk factors affecting strongylid egg shedding on Hungarian horse farms.
Veterinary  Parasitology: Regional Studies and Reports, 27, 100663.
https://doi.org/10.1016/j.vprsr.2021.100663

Kegan, R. J., & Gary, W. G. (2018). Gastrointestinal Parasites Found in Domesticated Animals
Introduced into the Neo-Tropics (New World Tropics). Con Dai & Vet Sci 1 (2). CDVS.
MS. ID, 110. http://dx.doi.org/10.32474/CDVS. 2018.01.000110

17


https://dx.doi.org/10.33584/rps.17.2021.3464
https://dx.doi.org/10.17582/journal.vsrr/2022.8.1.15.22
https://doi.org/10.4060/ca2796en
https://doi.org/10.3390/ani10040638
https://doi.org/10.1016/j.vprsr.2021.100663
http://dx.doi.org/10.32474/CDVS.2018.01.000110

Kuzmina, T. A., Kuzmin, Y. |., & Kharchenko, V. A. (2006). Survival and overwintering of horse
strongyle larvae in pasture soils. Veterinary Parasitology, 141, 264-272.
https://doi.org/10.1016/j.vetpar.2006.06.005

Kuzmina, T. A., Dzeverin, |., & Kharchenko, V. A. (2016). Strongylids in domestic horses:
Influence of horse age, breed, and deworming programs on the strongyle parasite
community. Veterinary parasitology, 227, 56-63.
https://doi.org/10.1016/j.vetpar.2016.07.024

Lyons, E. T., & Tolliver, S. C. (2015). Review of some features of the biology of Strongyloides
westeri with emphasis on the life cycle. In Helminthologia (Poland) (Vol. 52, Issue 1,
pp. 3-5). Sciendo. https://doi.org/10.1515/helmin-2015-0004

Mair, T., & Sherlock, C. (2023). Recurrent colic: Diagnosis, management, and expectations.
Veterinary Clinics: Equine Practice, 39(2), 399-417.
https://doi.org/10.1016/j.cveq.2023.03.014

Mathewos, M., Fesseha, H., & Yirgalem, M. (2021). Study on strongyle infection of donkeys
and horses in Hosaena District, Southern Ethiopia. Veterinary Medicine: Research and
Reports, 67-73. https://doi.org/10.2147/VMRR.S297951

Merlin, A., Ravinet, N., Sévin, C., Bernez-Romand, M., Petry, S., Delerue, M., ... & Hébert, L.
(2022). Effect of temperature on the development of the free-living stages of horse
cyathostomins. Veterinary Parasitology: Regional Studies and Reports, 28, 100687 .
https://doi.org/10.1016/j.vprsr.2022.100687

Mfitilodze, M. W., & Hutchinson, G. W. (1987). Development and survival of equine strongyle
freeliving stages in the laboratory. Veterinary Parasitology, 23, 121-133.
https://doi.org/10.1016/0304-4017(87)90030-6

Molento, M. B., Pires, L. S., Dall'Anese, J., Yoshitani, U. Y., & Almeida, T. (2024). Prevalence
and risk factors of gastrointestinal helminths infection in Brazilian horses: A
retrospective study of a 12-year (2008—-2019) diagnostic data. Research in Veterinary
Science, 173, 105272. https://doi.org/10.1016/j.rvsc.2024.105272

Morgan, E. R., Rose Vineer, H., Martinez-Valladares, M., Charlier, J., Héglund, J., & Bartley,
D. J. (2023). Integrated parasite management in grazing ruminants: Strategies for
sustainable control. Veterinary Parasitology, 316, 109945.
https://doi.org/10.1016/j.vetpar.2023.109945

Nielsen, M. K., Kaplan, R. M., & Thamsborg, S. M. (2007). Climatic influences on development
and survival of free-living stages of equine strongyles. The Veterinary Journal, 174(1),
23-32. https://doi.org/10.1016/j.tvjl.2006.05.009

Ni, X., Zhu, X., Feng, Q., Zhao, D., Huang, W., & Pan, F. (2024). Effect of Application Rates
of N and P Fertilizers on Soil Nematode Community Structure in Mollisols. Agronomy,
14(3), 507. https://doi.org/10.3390/agronomy14030507

18


https://doi.org/10.1016/j.vetpar.2016.07.024
https://doi.org/10.1515/helmin-2015-0004
https://doi.org/10.2147/VMRR.S297951
https://doi.org/10.1016/j.vprsr.2022.100687
https://doi.org/10.1016/j.rvsc.2024.105272
https://doi.org/10.1016/j.vetpar.2023.109945
https://doi.org/10.3390/agronomy14030507

Ogbourne, C. P. (1973). Survival on herbage plots of infective larvae of strongylid nematodes
of the horse. Journal of Helminthology, 47(1), 9-16. doi:10.1017/S0022149X00023695

Osterman-Lind, E., Hedberg Alm, Y., Hassler, H., Wilderoth, H., Thorolfson, H., & Tyden, E.
(2022). Evaluation of strategies to reduce equine strongyle infective larvae on pasture
and study of larval migration and overwintering in a Nordic Climate. Animals, 12(22),
3093. https://doi.org/10.3390/ani12223093

Pepper, I. L., & Brusseau, M. L. (2019). Physical-chemical characteristics of soils and the
subsurface. Environmental and pollution science, 9-22. https://doi.org/10.1016/B978-
0-12-814719-1.00002-1

Pepper, I. L., & Brusseau, M. L. (2019). Soil moisture and pore-water distribution relevant to
nematode survival. Soil Science Society of America Journal, 83(4), 821-835.

Purwati, E., Putra, M. S., Priyowidodo, D., Ribeiro da Silva, L. M., & Humaidah, H.
(2017). Site distribution and identification of parasitic strongyle from cattle in
Central Java, Indonesia. Asian Pac J Trop Dis, 7(9), 539-543.
https://doi.org/10.12980/apjtd.7.2017D7-131

Rose Vineer, H., Morgan, E. R., Hertzberg, H., Bartley, D. J., Bosco, A., Charlier, J., ... &
Hoéglund, J. (2020). Increasing importance of anthelmintic resistance in European
livestock: Creating a climate for change. Parasites & Vectors, 13(1), 1-13.
https://doi.org/10.1186/s13071-020-04030-6

Rose Vineer, H., Morgan, E. R., Hertzberg, H., Torgerson, P. R., Charlier, J., Claerebout, E.,
& van Dijk, J. (2020). Implications of climate change for helminth infections in ruminants
in Europe. Scientific Reports, 10(1), 8881. https://doi.org/10.1038/s41598-020-65488-
6

Salley, S. W., Herrick, J. E., Holmes, C. V., Karl, J. W., Levi, M. R., McCord, S. E., ... & Van
Zee, J. W. (2018). A comparison of soil texture-by-feel estimates: implications for the
citizen soil scientist. Soil Science Society of America Journal, 82(6), 1526-1537.
https://doi.org/10.2136/sssaj2018.04.0137

Sanchez, J., Pefia-Espinoza, M., Thamsborg, S. M., & Enemark, H. L. (2022). Influence of soll
type on the survival of gastrointestinal nematode larvae on pasture. Veterinary
Research Communications, 46(1), 91-100. https://doi.org/10.1007/s11259-021-
09824-7

Smith, N., Pailor, L., Irving, L., Hill, K., Hunt, G., Woods, C., ... & Rippingale, M. (2025). Applied
Equine Welfare, Health and Husbandry. Textbook of Equine Veterinary Nursing, 147-
204. https://doi.org/10.1002/9781119861973.ch5

Sumboh JG, Agyenkwa-Mawuli K, Schwinger E, Donkor 10, Akorli JEB, Dwomoh D, Ashong
Y, Osabutey D, Ababio FO, Koram KA, Humphries D, Cappello M, Kwofie SK, Wilson

MD. (2023). Investigating Environmental Determinants of Soil-Transmitted Helminths

19


https://doi.org/10.1016/B978-0-12-814719-1.00002-1
https://doi.org/10.1016/B978-0-12-814719-1.00002-1
https://doi.org/10.12980/apjtd.7.2017D7-131
https://doi.org/10.1186/s13071-020-04030-6
https://doi.org/10.2136/sssaj2018.04.0137
https://doi.org/10.1007/s11259-021-09824-7
https://doi.org/10.1007/s11259-021-09824-7

Transmission using GPS Tracking and Metagenomics Technologies. medRXxiv.
https://doi.org/10.1101/2023.07.17.23292808

Tydén, E., Enemark, H. L., Franko, M. A., Hoglund, J., & Osterman-Lind, E. (2019).
Prevalence of Strongylus vulgaris in horses after ten years of prescription usage of
anthelmintics in Sweden. Veterinary parasitology, 276, 100013.
https://doi.org/10.1016/j.vpoa.2019.100013

Tzelos, T., Morgan, E. R., Easton, S., Hodgkinson, J. E., & Matthews, J. B. (2019). A survey
of the level of horse owner uptake of evidence-based anthelmintic treatment protocols
for equine helminth control in the UK. Veterinary Parasitology, 274, 108926.
https://doi.org/10.1016/j.vetpar.2019.108926

Vadlejch, J., Petrtyl, M., Zaichenko, I., Cadkova, Z., Jankovska, |., Langrova, |., & Moravec,
M. (2011). Which McMaster egg counting technique is the most reliable? Parasitology
research, 109, 1387-1394. https://doi.org/10.1007/s00436-011-2385-5

van Wyk, J. A., & Mayhew, E. (2013). Morphological identification of nematode larvae of small
ruminants and cattle: A practical lab guide. Onderstepoort Journal of Veterinary
Research, 80(1), 1-14. https://doi.org/10.4102/0jvr.v80i1.539

Villa-Mancera, A., Aldeco-Pérez, M., Molina-Mendoza, P., Hernandez-Guzman, K., Figueroa-
Castillo, J. A., & Reynoso-Palomar, A. (2021). Prevalence and risk factors of
gastrointestinal nematode infection of horses, donkeys and mules in tropical, dry and
temperate regions in Mexico. Parasitology international, 81, 102265.
https://doi.org/10.1016/j.parint.2020.102265

Weiss, R., Alm, J., Laiho, R., & Laine, J. (1998). Modeling moisture retention in peat soils. Soil
Science Society of America Journal, 62(2), 305-313.
https://doi.org/10.2136/sssaj1998.03615995006200020002x

Zhou, S., Harbecke, D., & Streit, A. (2019). From the feces to the genome: A guideline for the
isolation and preservation of Strongyloides stercoralis in the field for genetic and
genomic analysis of individual worms. Parasites and Vectors, 12(1).
https://doi.org/10.1186/s13071-019-3748-5

20


https://doi.org/10.1101/2023.07.17.23292808
https://doi.org/10.1016/j.vpoa.2019.100013
https://doi.org/10.1016/j.vetpar.2019.108926
https://doi.org/10.1007/s00436-011-2385-5
https://doi.org/10.1016/j.parint.2020.102265
https://doi.org/10.1186/s13071-019-3748-5
https://doi.org/10.1186/s13071-019-3748-5

