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An alien parasite in a changing
world — Ashworthius sidemi has
lost its traditional seasonal
dynamics
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!Department of Zoology and Fisheries, Faculty of Agrobiology, Food and Natural Resources, Czech

University of Life Sciences Prague, Prague, Czechia, 2Department of Botany and Zoology, Faculty of
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A non-native nematode Ashworthius sidemi has emerged in captive fallow deer in
Central and Eastern Europe over the last decade. Although this parasite has been
spreading in the wild outside it's native distributional range and colonising local
European host species since the middle of the last century, limited information has
been published onthe seasonality of A. sidemi and its susceptibility to anthelmintics.
To address this knowledge gap, we conducted a study to investigate seasonal
dynamics of the non-native parasite in the current Central European climate
conditions. We collected freshly voided faecal pellets at four-week intervals from
February 2018 to February 2020 at a fallow deer reserve with a known history
of A. sidemi presence. The faecal pellets obtained were pooled after each site
visit (n = 25) and coprocultured to obtain the third stage larvae of trichostrongylid
nematodes at monthly intervals. Total genomic DNA was extracted from the
recovered larvae. Using real-time multiplex PCR, A. sidemi DNA was detected in
17 out of 25 larval samples (68% prevalence). During the monitoring period, the
annual administration of ivermectin based premix (Cermix) took place in January
2018, 2019, and 2020, and additionally a mixture of rafoxanide and mebendazole
(Rafendazol) was administered once in spring 2019. The probability of parasite
presence was significantly influenced by the time since the drug administration
(p =0.048) and the mean temperature at the location (p = 0.013). Larval samples
negative for A. sidemi were always identified shortly after the drug administration.
However, rapid pasture contamination by the parasite eggs from two to three
months after Cermix administration and within one month after Rafendazol
administration suggest only a short-lived efficacy of both administered drugs.
The abundance of A. sidemi DNA was positively affected by mean temperature
(p = 0.044) and remained relatively stable throughout the monitoring period, with
the highest peak in August 2018 and 2019. Pasture contamination with A. sidemi
eggs occurred almost all year round, with the exception of the beginning of 2018,
2019, and 2020. These findings indicate adaptation of a non-native parasite to the
current climatic conditions of the Czech Republic resulted in negligible seasonal
patterns of parasite egg shedding.
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1. Introduction

The fallow deer (Dama dama) is currently one of the most
widespread cervids in the world, and despite being considered an
allochtonous species in many ecosystems (1), its importance in
agriculture is growing with the increasing interest in alternative
sources of meat for human consumption. In Europe, the fallow deer
is the second most farmed cervid after the red deer (2), and is now
widely distributed both in hunting grounds and game reserves (3).

Like other ruminants, fallow deer is susceptible to infection with
gastrointestinal (GI) nematodes. Although such infections are
predominantly subclinical, they may have a significant impact on
both the population dynamics of cervids and their individual fitness
(4). The abomasal nematodes of the superfamily Trichostrongyloidea
(trichostrongylids), especially Ostertagia spp. and Spiculopteragia
spp. were traditionally considered to be the most important parasites
in fallow deer (5-7); however, more recently there have been reports
on emergence of an invasive nematode, Ashworthius sidemi, in
captive fallow deer (8, 9). The alien parasite was introduced to
Europe via sika deer in the late 19th century and subsequently
disseminated among local cervid hosts, especially in Central and
Eastern Europe (10-13). Currently, A. sidemi may be spread by
migrating cervids and through further unintended human-mediated
introductions (14, 15).

Transmission of A. sidemi occurs through accidental ingestion of
infective larvae (L3) by a susceptible ruminant host when grazing. The
endogenous development involves abomasal mucosa invasion and
several larval molts to adult stages, which undergo sexual maturity
and reproduction. Time elapsed between infection and shedding of
nematode eggs may be delayed by arrested larval development
(hypobiosis); the phenomenon occurs in response to unfavorable
environmental and/or host conditions (16). Eggs are released with
host faeces contaminating grazing pasture while their further fate, i.e.,
hatching, survival, development to the infective stage L3 and their
movement on a pasture, is strongly influenced by environmental
factors, especially humidity, and temperature (17). Trichostrongylid
infections thus show seasonal patterns, which are an outcome of
environmental, host, and parasite factors that are variable within a
year. A comprehensive understanding of how the nematode
population fluctuates throughout the season is crucial for planning
effective and sustainable parasite control. While the seasonal dynamics
of trichostrongylid infections in ruminant livestock have been
thoroughly studied for many decades (18, 19), only limited
information are available for cervids.

Certain aspects of A. sidemi seasonal dynamics were outlined
based on necropsies of several wild ruminant species during a hunting
season in Poland (11). The authors concluded that transmission of
A. sidemi occurs from June to September, while during the winter and
following spring, the non-native nematode survives only as L4 larvae
and sexually immature individuals. Similar results have been
previously published (20); only larvae and juveniles of A. sidemi were
recovered from the abomasa of sika deer and Maral deer during
autumn and winter in the Russian Far East. In contrast to the above
mentioned studies, only negligible importance of hypobiosis has been
detected in the Czech Republic (CR), indicating a possible
modification of seasonal patterns in A. sidemi (15, 21). Seasonal
dynamics of trichostrongylids can differ based on the climate
conditions in different regions and may also shift over time due to
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global climate changes (22, 23). Seasonal patterns of A. sidemi egg
laying remain unclear, as a longitudinal study has yet to be conducted.

Management practices, such as anthelmintic treatment, can
disrupt the seasonal patterns of GI nematodes by suppressing egg
output (24, 25). While the use of anthelmintic drugs in wild ruminants
is somewhat controversial (26), cloven-hoofed animals at game
reserves and especially at farms are often kept in overcrowded
conditions and may suffer from parasitic infections to a similar extent
as ruminant livestock. Application of anthelmintic treatments to such
animals is therefore justified (27). Hunting legislation in the CR allows
the administration of anthelmintics in the controlled conditions of
game reserves and farms throughout the year. However, the common
practice is to apply anthelmintic treatments to the animals during the
winter season when natural food sources are limited, and drug efficacy
is at its peak. Two anthelmintic drugs in the form of medicated feed
are certified for this purpose in the CR - Rafendazol, a mixture of
rafoxanide and mebendazole, and ivermectin-based premix Cermix.
The high efficacy of both these drugs against GI nematodes has been
previously demonstrated in various species of cloven-hoofed animals
(28, 29). Long-term annual administration of Cermix to fallow deer
resulted in a gradual suppression of both the prevalence and the faecal
egg counts (FECs) of strongylid nematodes (27). However, the efficacy
of any anthelmintics against A. sidemi infection has yet to be published.

Monitoring the fluctuation of GI nematode populations is
traditionally based on FECs; however, the vast majority of
trichostrongylids (including A. sidemi) cannot be reliably
distinguished based just on morphological identification of nematode
eggs (30). A molecular method was proposed earlier that enables
reliable A. sidemi identification based on larval DNA isolates (31). This
is achieved by amplifying specific sequences found in the ITS1 and
ITS2 regions of ribosomal DNA using a simple PCR technique. Later,
a real-time multiplex PCR method was optimized, allowing the
detection of the parasite in co-infection with multiple nematode
species (including A. sidemi) and semi-quantitative estimation of
parasite burden (32).

The current study aims to fill the knowledge gap concerning the
seasonality of a non-native nematode A. sidemi in cloven-hoofed
animals in the current climatic conditions of Central Europe.
We conducted a two-year study in a fallow deer reserve under
intensive breeding conditions and routine management practices
including regular administration of anthelmintics. Molecular
techniques were used to monitor A. sidemi seasonal dynamics in host
fallow deer during the two-year period from February 2018 to
February 2020.

2. Materials and methods
2.1. Study site and animals

The seasonal dynamics of A. sidemi was monitored on a game
reserve in the village of Budyné in the South Bohemian Region of the
Czech Republic (49°8” 48.39” N, 14°4” 11.96” E). According to the
Koppen-Geiger climate classification (33) the study location is
represented by a warm-summer humid continental climate found in
much of Central Europe. This climate is characterized by four distinct
seasons with seasonal temperature differences of mild to warm
summers, long cold winters, and reduced precipitation (34).
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Meteorological data at the study location obtained from the Czech ~ concentrates at the prescribed ratio of one part drug to nine parts feed.
Hydrometeorological Institute are presented in Figure 1. The medicated mixture was administered according to the drug
The game reserve occupies an area of approximately fifty hectares, = manufacturer’s instructions.
mostly covered with perennial grassland and a narrow strip of sparse
oak grove in the centre. A narrow stream runs through the reserve. A
herd of approximately three hundred fallow deer in a balanced ratio ~ 2.3. Sam ple collection
of males and females were kept at the game reserve during the study
period. Their diet consisted of year-round grazing, except during Freshly voided faecal pellets of fallow deer were collected
periods of continuous snow cover, supplemented by continuous  throughout the game reserve at four-week intervals from 15th of
feeding of concentrates. Additional feeding was carried out at asingle ~ February 2018 to 15th of February 2020 resulting in a total of 25 site
common feeding site, where feed mixed with anthelmintics was also  visits. During each visit, faecal pellets from 20 animals were collected
provided at timepoints throughout the grazing season. opportunistically in an attempt to cover the entire area of the reserve
and to avoid repeated sampling of individuals. The herd was
monitored through binoculars from a sufficient distance to avoid
2.2. Anthelmintic treatment stressing the animals, while the collection of faeces was carried out
immediately after their movement to another part of the game reserve.
The anthelmintic drug Cermix (Biopharm — Research Institute of ~ Logistical constraints meant that it was not possible to collect faeces
Biopharmacy and Veterinary Drugs, CR) containing ivermectin was  from individual animals using rectal sampling. Furthermore, due to
administered annually in January 2018, 2019, and 2020 in the form of ~ the size of the herd, it was challenging to identify individuals
medicated feed. In addition, Rafendazol (Biopharm - Research  accurately, thus we could not provide information on the sex of the
Institute of Biopharmacy and Veterinary Drugs, CR), a mixture of  individuals relative to the faecal pellets collected. However, it was
rafoxanide and mebendazole, was applied once at the end of March ~ possible to differentiate the faecal samples from adult deer and young
2019 by a game reserve owner. Dosage requirements for each  deer, based on the size of pellets. Faecal pellets were collected
anthelmintic were estimated according to the number of animals to  exclusively from adult deer as this age group within the herd was more
reach the therapeutic dose recommended by the manufacturer, i.e.,  likely to exhibit anthelmintic suppresion of A. sidemi egg output based
0.2 mg of ivermectin and 10 mg of mebendazole per kilogram of live ~ on the anthelmintic administration method. Faeces were collected as
body weight. The application of anthelmintics was always preceded by ~ soon as possible after defecation to avoid damage of the GI nematode
a one-week adaptation to non-medicated concentrated feeds. eggs by freezing or desiccation. Faecal pellets collected from 20
Anthelmintics were administered on the feeding site in a mixture with  individual animals at each site visit were pooled into a single 1kg
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FIGURE 1
The course of environmental conditions shows local changes in mean monthly temperature (black points, standard deviation (SD) and total
precipitation (grey bars) measured at the game reserve throughout the study period. All local weather information was obtained from the Czech
Hydrometeorological Institute.
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sample, stored in an open plastic box, and immediately transported to
the laboratory for further processing. Clinical signs of disease were not
observed in animals during the study period.

2.4. Parasitology

To examine the presence of A. sidemi in faecal samples, separate
larval coprocultures were established from pooled faecal pellets
collected at each sampling visit (n=25) according to the methods of
Hansen and Perry (35). Briefly, faecal material was homogenized,
mixed with vermiculite and moistened, then placed in open microtene
bags in an incubator for seven days at 27°C. During the incubation
period, the coproculture was checked daily, homogenized by rubbing
between the fingers to prevent mold formation, and moistened if
necessary. At the end of incubation, the coproculture was transferred
to the Baermann apparatus for the release of the L3s from the faecal
material. After 24 h, the fluid containing the larvae was released into
conical glass containers and decanted. The sediment formed by the
larvae was subsequently purified by repeated Baermanization and
stored at 4°C.

2.5. Molecular analysis

For each sample, total genomic DNA was extracted from L3s
using the DNeasy Blood & Tissue commercial kit (QIAGEN, Hilden,
Germany). Prior to DNA extraction, larvae were washed several times
with sterile distilled water. The pooled L3s were then incubated at
56°C for 48h in 180 pL ATL buffer and 20 puL proteinase K. Subsequent
purification steps followed the manufacturer’s protocol. The DNA
extracts were immediately stored at —20°C until further processing.

Molecular detection of A. sidemi DNA presence and relative
quantity within L3 pools was based on triplex real-time PCR using
TagMan technology and consisted of detection systems for (i)
A. sidemi (targeting ITS1 sequence), (ii) a calibration standard, and
(iii) an internal amplification control (IAC), which were adopted from
previous studies (32, 36).

The reaction mixture contained: 1x Luna Universal Probe qPCR
Master Mix (New England Biolabs, Ipswich, MA, United States),
250nM of each primer, 100nM of FAM probe, 100nM Cy5 probe,
200nM of HEX probe, 0.4 U of Antarctic Thermolabile UDG (New
England Biolabs, Ipswich, MA, United States), 1x 10* copies of IAC
plasmid, 5pL of template DNA and nuclease-free water to complete
20 pL volume.

All samples were run in duplicate on a fluorometric thermal cycler
CFX96 Real-Time PCR Detection System (Bio-Rad Laboratories,
Hercules, CA, United States) with the following conditions: incubation
step at 25°C for 10 min (carryover prevention), initial denaturation at
95°C for 2min followed by 40 cycles of amplification with 95°C for
15s for denaturation, and 57°C for 45 s for combined annealing and
extension, with the collection of fluorescence signal at the end of each
cycle. The data was evaluated using the software Bio-Rad CFX
Manager 3.0 (Bio-Rad Laboratories, Hercules, CA, United States).

The calibration curve was constructed using serially diluted
plasmid standard (5x 107, 5x 10, 5x 10°, 5x 10*, and 5% 10° copies per
pL) and was used to extrapolate the amount of target DNA of A. sidemi
in each sample. Detailed information on the optimization and design
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of detection systems, primer and probe sequences, and quantitative
data evaluation is provided in the publication (32).

2.6. Data analysis

We considered two dependent variables: (i) the presence or
absence of A. sidemi DNA (coded as 1 or 0) and (ii) the relative
quantity of A. sidemi DNA. We tested the effect of external conditions
and anthelmintic treatment on each variable. Data analysis consisted
of two steps. First, the effect of these factors on the presence of the
target A. sidemi DNA was tested separately for each explanatory
variable using simple logistic binomial regression. Then, the relative
level of DNA identified in the positive samples was modeled using
quasi-Poisson generalized linear regression.

The explanatory variables included the average daily temperatures
(°C) and total rainfall (mm) measured four weeks prior to each sample
collection and factor of treatment (weeks post administration) expressed
as the number of weeks elapsed between the last application of the
anthelmintic drug and the sampling date. p values <0.05 were considered
significant. All statistical tests were performed in R 4.1.3 (37). Data are
presented in graphs created using the ggplot2 R package (38).

3. Results

The presence of A. sidemi DNA was molecularly confirmed in 17
out of 25 larval pooled samples (68%). The probability of target
parasite DNA being detected in samples was positively (p=0.048)
affected by the time elapsed since anthelmintic administration
(Table 1). The seasonal A. sidemi patterns detected within the study
are presented in Figure 2. Samples collected during the first three
visits, from mid-February to mid-April 2018 tested negative for
A. sidemi DNA. The parasite was first detected fourteen weeks after
the Cermix administration in May 2018. A similar pattern was
observed in 2019; after the second application of Cermix in late
January, the parasite was not observed for ten weeks, and the
emergence of A. sidemi DNA was first detected in mid-April 2019, a
month earlier than in the previous year. Furthermore, following the
January application of Cermix in early 2020, the samples collected
yielded negative results.

An interruption of the spring rise in target DNA level and a
decrease to zero was observed in May 2019, two weeks after
Rafendazol administration; however, over the next four weeks, there
was a rapid recovery in measured DNA amount, and the amount of
A. sidemi DNA detected in June 2019 exceeded the April 2019 values.

The probability of the presence of A. sidemi DNA was positively
influenced by the mean temperature measured four weeks prior to
sampling (Table 1). With the exception of April 2018 and May 2019,
cooler temperatures below 5°C preceded the collection of all negative
samples (Figure 2).

The abundance of target DNA detected in positive samples did not
show high variation and was only slightly affected by the mean
temperature prior to sampling (Table 1). Relative A. sidemi DNA
quantities detected during the first season remained at a relatively
consistent level from May to November 2018. The first noticeable
decline in A. sidemi DNA relative quantity occurred between
November and December 2018, but the parasite was still detected
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TABLE 1 Model estimates of logistic regression and quasi-poisson generalised linear regression (GLM) testing influence of temperature, rainfall and
anthelmintic treatment on presence of A. sidemi DNA in all samples.

DNA level (GLM)

Presence/absence (logistic regression)

Coefficient + SD p-value Coefficient + SD p-value
Mean temperature 0.280+0.112 0.013 0.021+0.010 0.044
Rainfall 0.044+0.024 0.076 0.001+0.002 0.606
Wpa 2.467+1.250 0.048 0.037+0.021 0.092
Analyses of relative quantity of A. sidemi DNA was performed on positive samples only. SD - Standard Deviation, Wpa — weeks post anthelmintic administration.
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FIGURE 2
Seasonal variation in the quantity of the target A. sidemi DNA at a fallow deer game reserve between 2018 and 2020 relative to administration of
anthelmintic and course of average monthly temperatures. Red line shows the fluctuation of parasite DNA levels expressed as the logarithm to base 10
(log) of the plasmid standard copy number. Vertical lines indicate the time of the Cermix (dashed) and Rafendazol (dotted) anthelmintic applications.
Blue horizontal arrows represent the number of weeks elapsed since the last anthelmintic application (wpa — weeks post administration). Monthly
average temperatures are denoted by black points.

until mid-January 2019. Dynamics of A. sidemi DNA in larval
samples, and thus pasture contamination throughout 2019, showed a
similar pattern to the previous year; after a moderate decline in July
2019, a peak was recorded in August 2019, followed by a gradual
decline during the autumn and winter.

No significant impact of precipitation on either the presence or
the abundance of parasite DNA was observed in this study (Table 1).
The median of A. sidemi DNA values detected in the 2019 samples was
significantly lower compared to the previous year (p<0.01). The
maximum values detected in the summer 2019 were approximately
equal to the minimum values of the positive samples in 2018.

Frontiers in Veterinary Science

4. Discussion

We determined the presence and relative quantity of A. sidemi
DNA from L3s coprocultured from faecal samples collected from
fallow deer in a game reserve over a two year study (2018-2020) in the
CR. The amount of detected A. sidemi DNA varied between monthly
sampling events, with multiple zero values observed during the winter
and spring seasons. The absence of A. sidemi DNA from coprocultured
L3 consistently appeared no later than two weeks after anthelmintic
administration with Cermix or Rafendazol, suggesting a potential
decrease in egg production or removal of adult worms in response to
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treatment. This finding was consistent with the reduction of strongylid
FECs to zero values observed in mouflon from the second day after
anthelmintic treatment with Cermix medicated mixture (29).
Furthermore, a previous study investigating the seasonal dynamics of
strongylids at a fallow deer farm in Poland, observed a temporary
decrease in both prevalence and infection intensity after percutaneous
administration of ivermectin; however, a resurgence of both
characteristics occurred within the following two months (24).
Similarly, the absence of the parasite during our survey persisted from
one to three months following anthelmintic treatment.

The absence of A. sidemi DNA from coprocultured L3 during
winter may reflect the natural seasonal patterns of the parasite.
Previous post-mortem and coprological examinations of untreated
cervids in various temperate regions have shown a lower prevalence
and intensity of strongylid infection during the winter period (39, 40).
Conversely, some studies have indicated higher prevalences and
intensities of trichostrongylids in winter when supplementary feed is
provided, suggesting the importance of winter feeding sites for
transmission of parasites (41). Based on our results, we cannot
definitively determine to what extent environmental conditions
contributed to the observed winter reduction of A. sidermi DNA from
coprocultured L3, as the probability of sample positivity may have
been affected by both the time elapsed since anthelmintic treatment
and the mean temperature. In the current study, we used published
faecal culture protocols which were standardised at all sampling events
(35). This technique is suitable for a wide range of GI nematode
species; however, the survival rate and successful development of
A. sidemi to the infective L3 larval stage in coproculture has not been
examined. A molecular assay used in this study was previously found
capable of identifying the parasite at input DNA levels as low as 5pg
(32). However, due to the assumed low infection intensity, we cannot
exclude that the amount of DNA isolated from coprocultured L3
derived from faecal samples collected during the winter were not
below the sensitivity threshold of the assay.

Differences in temperature at the study site may have caused
variations in the emergence time of A. sidemi on pasture following
anthelmintic treatment. In 2019, A. sidemi DNA was detected in
mid-April (10 weeks post treatment application — wpa), whereas in
2018, it was not observed until May (14 wpa). This delay could
be attributed to freezing temperatures persisting until March 2018. In
contrast, the rapid reappearance of A. sidemi DNA four weeks after
the administration of Rafendazol in May 2019 may have been the
result of favorable conditions for larval development on pasture
resulting in infection of grazing hosts, low efficacy of Rafendazol
treatment or a combination of both. Potential sources of parasite
infection in this herd may have been untreated individuals, especially
juvenile hosts acting as a refugia for the parasite. Furthermore, the
form of anthelmintic administration may lead to uneven dosage of
drugs as the dominant individuals usually get first to the attractive
medicated food, leaving weaker animals and especially the younger
individuals, to consume remaining feed (42). According to Coop and
Kyriazakis (43), the allocation of limited nutrient resources by the host
prioritizes growth and reproduction over immunity to parasites.
During pregnancy and lactation, both domestic and wild ruminants
frequently exhibit periparturient rise (PPR), characterized by an
increase of FECs (44, 45). Given that fawning on the monitored
reserve occurred from May onwards, we cannot rule out reproducing
females as a potentially significant source of A. sidemi during the
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spring and early summer. In August 2018 and, to a lesser extent, in
2019, we observed a slight peak in A. sidemi DNA levels, which
approximately coincided with the weaning of early summer-born
fawns. We did not collect data on juveniles in this study; however, this
age category might also have an important role in pasture
contamination later in the grazing season as they are exposed to high
summer levels of infective larvae as naive hosts.

Contamination of the monitored pasture with A. sidemi is likely
to have occurred rapidly rather than by a gradual process given the
rise in A. sidemi DNA levels from coprocultured L3 from zero to near
peak levels four weeks after anthelmintic application. This may have
been influenced by high animal densities, which could facilitate the
transmission of parasites (6). Similarly, rapid reinfection to levels
equal to or higher than pre-treatment levels was observed in sheep
within six weeks after drug administration (46).

Assessment of A. sidemi DNA levels from coprocultured L3 at
multiple sampling events showed that the anthelmintic treatment had
no significant impact on the long-term amount of DNA detected in
the positive samples, suggesting a short-term effect of both
anthelmintics used against the parasite. However, the levels of
A. sidemi DNA detected in 2019 were significantly lower than those
detected in 2018, despite environmental conditions being perceived
as more favourable for larval development. Since there were no
significant changes in the number of animals or herd structure (age or
sex groups) between the monitored years, the repeated and frequent
administration anthelmintics may have contributed to the decline of
A. sidemi DNA detected over time. A previous study in a fallow deer
reserve in the CR showed that repeated Cermix administration over
seven years led to a gradual reduction in general strongylid infection
intensity by 75% and complete elimination of Haemonchus
contortus (27).

The findings from previous studies carried out in Poland and the
Russian Far east indicate that the A. sidemi egg output and
transmission are confined to the period from early summer to
September. For example, there was a notable decline in adult numbers
during autumn following post-mortem analysis, suggesting A. sidemi
may preferentially survive the winter months as L4 larvae and
juveniles (11, 20). In contrast, our results suggest that under the
current Central European climate and management conditions at the
study location, A. sidemi egg shedding may occur almost year-round
from April to January. This finding is consistent with previous studies
conducted in the CR that reported the occurrence of A. sidemi adults
in wild ruminants and lack of hypobiosis during the winter (15, 21).
A possible explanation for this shift could be recent higher
temperatures that are more favorable for the parasite development
than those prevailing during investigations of A. sidemi seasonal
dynamics fifteen years ago or earlier. According to daily data collected
from the European Climate Assessment & Dataset-ECA&D (47), the
average minimum temperature in December at the location in our
study was found to be 11.55°C higher compared to that of the Russian
study in the Primorsky region between 1951 and 1955 (20) and on
average 4.55°C higher than in the Polish study conducted between
1997 and 2001 (11). Furthermore, our study site experienced, on
average, fewer frost days during December compared to the
aforementioned studies. As modeled on the development cycle of the
cervid trichostrongylid nematode Ostertagia gruehneri, a warmer
climate may prolong the transmission of the parasite as mild
temperatures facilitate both earlier and later larval development in
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spring and autumn, respectively (48). The climatic conditions
experienced by the larvae during exogenous development are also one
of the factors determining whether they undergo hypobiosis. In the
present study, we found a significantly positive relationship between
the mean temperature and the non-zero values of the targeted
A. sidemi DNA, which suggests that changes in contamination levels
are likely influenced by the environmental factors that impact parasite
development and transmission. On the other hand, the low variability
of positive values within a year may indicate a lack of seasonality of
the parasite. Changes toward a shift from traditional seasonality to
uniform through-year distribution of trichostrongylid infections
associated with a warming climate have been reported on sheep farms
in Northern Ireland (22). More recently, a similar pattern of year-
round egg production with little seasonality has been observed in
farmed deer and wapiti in New Zealand (25).

In this study, we investigated seasonal changes in the egg
production of an invasive parasite, A. sidemi, measured through
detection and quantification of target DNA from coprocultured L3
following monthly faecal sampling of fallow deer on a game reserve
in the CR. The presence and amount of A. sidemi DNA detected was
examined relative to environmental factors and anthelmintic
treatment, but seasonal parasite dynamics is a complex
phenomenon with many factors contributing to its outcome. The
seasonal pattern of parasite egg shedding can vary between host
sexes due to different behavior and timing of investment into
reproduction which subsequently alter immunity to parasites. At
the same time, it can vary depending on the age or nutritional status
of the host. Due to the unavailability of individual metadata on the
sampled animals in our study, we could not assess whether the
seasonal dynamics of the parasite differed by host sex, age class, or
individual condition. Further assessment of the development and
survival of A. sidemi life stages must also be an important
consideration in the design of future investigations to improve
predictions of seasonal dynamics, and thus infection risk attributed
to this parasite in time and space. Although our results shed light
on seasonal dynamics of A. sidemi in the CR, it is important to
acknowledge limitations arising from the relatively small number
of animals we sampled. Future studies with appropriately estimated
sample sizes are needed to understand the epidemiology of
ashworthiosis more comprehensively.

5. Conclusion

This study provides new insight into the epidemiology of a
non-native nematode in the changing world. Our findings indicate
almost negligible seasonal parasite egg shedding patterns in the
current climatic conditions of the CR, contrasting with previous
studies conducted more than a decade ago. We strongly recommend
regular assessment of A. sidemi infection in cloven-hoofed animals in
game reserves using reliable molecular tools and to take appropriate
control measures to prevent the spread of this parasite to wild animal
populations. This approach is especially desirable in animal species
sensitive to this infection and those kept in conservation programmes.
The control of A. sidemi is challenging once the parasite is well
established among animals/at the locality. The use of anthelmintic
drugs has been shown to suppress egg shedding and thus further
pasture contamination significantly; however, treatment efficacy
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relative to the absence of A. sidemi DNA in coprocultured L3 in the
current study was relatively short-lived. For an improved
understanding of A. sidemi seasonal dynamics and subsequently
development of effective parasite control strategies, it is necessary to
investigate the contributions of all cohorts within the herd (including
age groups and sexes) to the overall pasture contamination throughout
the year.
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