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Abstract

Background Different areas of sheep infected with different types of parasites, all will cause serious harm to the local
sheep, and the widespread use and repeated use of anthelmintics have produced different degrees of anthelmintic
resistance (AR) in various regions. We re-investigated the infection of common parasites and AR of Gastrointestinal
Nematodes (GINs) in sheep in Horgin Right Wing Front Banner, and first investigated the common parasite types

and AR of GINs in sheep at other four areas in Hinggan league (city), China.

Results A total of 1770 fecal samples were collected from 1 prefecture-level city and 4 counties in Hinggan

league, in which the infection rate of Coccidia ranged from 83.3% to 96.06%, that of Ascaris ovis ranged from 10.17%
to 15.19%, that of Moniezia benedeni ranged from 0.6% to 1%, that of Moniezia expansa ranged from 0.33% to 8.15%.
The infection rate of GINs was 100%, and Haemonchus contortus was still the dominant species. The AR results showed
that only the closantel in Horgin Right Wing Middle Banner was low resiatant, and the other three regions had been
resistant. Levamisole also occurred AR in the other four regions, the widely used ivermectin and albendazole had
produced serious AR in five areas. The research shows that GINs are becoming more and more resistant to various
anthelmintics, which has made the problem worse.

Conclusions Understanding the dynamic changes of parasite infections and the development trend of AR in sheep
in the region in this paper, the development trend seems to be more serious than imagined. Therefore only by deeply
understanding the parasitic infections of sheep in this land can more reasonable medication guidance be carried out.
Itis expected to provide new ideas formore innovative, scientific and sustainable methods of preventing and control-
ling parasites.
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Introduction

Sheep parasitiosis is a common chronic wasting disease,
which is mainly caused by some internal and external para-
sites such as tapeworms, nematodes, trematodes, coccidia,
ticks, lice, fleas, mites, etc. [1]. China is an important epi-
demic area of Fasciola hepatica, which is mainly found in
Xinjiang, Tibet, Qinghai, Gansu, Heilongjiang, Jilin, Liaon-
ing and other areas with high cattle and sheep breeding [2].
The common parasites in nematodiasis include ascariasis,
haemonchiasis, whipworm disease, Oesophagostomum,
hookworm disease, etc. These parasites can cause diar-
rhea, anemia, loss of appetite, weight loss, bloody stools
and other problems in sheep, and the mortality rate of
sheep infected with these parasites is extremely high [1].
Tapeworms mainly parasitizes in the small intestine of
ruminants. The disease will seriously endanger the health
of lambs. After the onset of the disease, it often leads to
increased drinking water, anemia, diarrhea, growth retar-
dation, etc., and even death in severe cases, resulting in a
decline in the economic benefits of the sheep farming [3].

Gastrointestinal Nematodes (GINs) disease in sheep is
caused by mixed infection of various nematodes. A large
number of infections can lead to gastroenteritis, slow
growth, weight loss, severe anemia and malnutrition in
sheep, and even death. At the same time, the anthelmin-
tic resistance (AR) of GINs is increasing, resulting in
increased breeding costs and decreased economic benefits,
which seriously restricts the development of sheep indus-
try in pastoral areas [4, 5]. GINs more common is Hae-
monchus contortus, which cuts the gastrointestinal mucosa
through the spear teeth and feeds on blood [6]. Infected
animals often suffer from loss of appetite, fur messy, wool
shedding, lethargy, accompanied by obvious abdominal
edema, submandibular gland edema, abdominal mucosal
damage, often accompanied by diarrhea, feces were dark
paste, breathing and heart rate, weight and productiv-
ity decline [7]. In severe cases, there will be high anemia,
extreme weight loss, and even death [8]. GINs is widely
prevalent globally to this day and remains a major problem
for the livestock industry. The disease is seasonally preva-
lent, and the seasonal prevalence varies depending on the
geographical area of the environment. Outbreaks are usu-
ally more frequent in spring, summer and autumn, when
suitable temperature and humidity help the recovery and
development of the worms, leading to infection of a large
number of animals and, in severe cases, to mass mortality
of the hosts, resulting in serious economic losses [9].

For GIN is usually treated with anthelmintic for deworm-
ing, and the commonly used drugs are albendazole, iver-
mectin and levamisole [10]. In recent years, a large number
of studies at home and abroad have reported that the disease
has developed resistance to all three drugs, and even multi-
drug resistance [11]. Early in the United States, H.contortus
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was reported to be resistant to benzimidazoles in 1961,
and H.contortus was reported to be resistant to macrolides
in Australia in the 1980s [12]. So since the last century had
found signs of AR and multi-anthelmintic resistance, with
the development of time and technology, whether AR has
been more scientific regulation, or whether there is a bet-
ter solution to the prevention and control of parasites, the
authors, by reviewing domestic and international reports,
found that the solution to AR has not achieve the desired
effect. In China, some scientific research teams have carried
out AR detection of GINs in different regions. For example,
in 2018, the detection of H.contortus in sheep was carried
out in 16 pastures in 5 areas of Chahar Right Back Banner,
Ulangab City, Inner Mongolia, northern China. It was found
that the average infection rate of H. contortus was 75%, and
H. contortus in 5 pastures had strong resistance to albenda-
zole and ivermectin [13]. In July 2019, a survey on the resist-
ance of GINs to anthelmintics was carried out in Horqin
Right Wing Front Banner, Hinggan league, Inner Mongolia.
It was found that the worms had developed resistance to
ivermectin and albendazole, and were relatively sensitive
to closantel [14]. In 2021, the study found that the domi-
nant nematode infecting sheep in Inner Mongolia was still
H. contortus, and 85.7% of the population was resistant to
ivermectin; 75% of the population was resistant to albenda-
zole; 60% of the population was sensitive to closantel; and
some of the H. contortus showed a double resistance to iver-
mectin and albendazole. Later in the same year, the authors
found that four ivermectin-resistant isolates of H. contortus
were also resistant to albendazole, while one ivermectin-
sensitive isolate was also sensitive to albendazole [15, 16].
In 2022, from six provinces in southern China collected
1733 H.contortus adults, and found that the adults had seri-
ous resistance to benzimidazoles and levamisole, and the
smaller the age of the sheep and more worm burden could
be more resistant to BZ [17]. H. contortus in these areas of
China has a tendency to develop resistance to both anthel-
mintics at the same time.

Due to the climatic environment and cultural characteris-
tics of Hinggan League, the breeding industry in the region
is more developed. By the end of 2023, the region livestock
inventory>12 million ( only, mouth), of which: pig inven-
tory>700,000; cow inventory>1.5 million; sheep inven-
tory>10 million. With the development of the breeding
industry, the prevention and control of animal epidemics is
particularly critical for life and health and economic develop-
ment. Parasitism as an animal disease prevention and con-
trol is also a key issue that cannot be ignored. Due to the lack
of awareness of parasites among farmers, and the infection
of parasites in sheep of different farmers is different. Most
farmers in the face of the choice of anthelmintic, mostly
blind and crowd psychology, so long-term development,
will lead to drug abuse or misuse, so the current parasite AR
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will become more serious. Therefore, in order to better help
farmers standardize rational anthelmintic use and reduce
veterinary drug residues, the investigation of parasitic infec-
tion and analysis of AR of common anthelmintic for GINs
were carried out for sheep in Hinggan League.

Sheep GINs are increasingly resistant to locally used
anthelmintics, which makes the prevention and control
problem more serious. In 2024, Cesar C. Bassetto et al.
revisited AR in sheep flocks in S7ao Paulo State, Brazil, and
found that the average effects of ivermectin and moxidec-
tin were the worst, 34% and 21%, respectively, and the aver-
age effective rate of albendazole was 40%. This study shows
that nematodes are becoming more resistant to a variety of
chemical anthelmintics than before, which makes the prob-
lem even more serious [18]. This situation highlights the
need to implement sustainable and durable approaches to
prevent GINs infections. In 2019, China only investigated
the epidemiology and AR of GINs in Horqin Right Front
Banner of Hinggan League. Five years later, it continued to
investigate the infection status of common parasites in sheep
in all agricultural and pastoral areas under the jurisdiction of
Hinggan League, and tracked the development trend of AR
of GINs. The purpose is to first grasp the relevant dynamic
changes of dominant species of sheep infection in 5 years,
and then summarize the trend of anthelmintic prevention
and control. Only by in-depth and extensive understanding
of the specific conditions of parasitic infections in sheep on
this land, grazing status, medication status, AR ratio, etc.,
can we better formulate prevention and control measures.
It is the so-called need to implement sustainable methods to
prevent GINSs infections according to local conditions, and
provide reasonable medication guidance for the prevention
and treatment of GINs diseases in relevant areas.

Materials and methods

Animals and experimental design

Hinggan League (city), China located 119°28" ~123°39’
E, 44°15" ~47°39" N, with a total area of 55,131 square
kilometers [19]. From June to July 2024, according to
the administrative regions and topographic features of
Hinggan League, Twenty-one sampling points were set
up in five banners and counties (Fig. 1). Atotal of 1770
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Tuquan County sheep n=270, all sheep were privately
owned by local farms, herdsmen and farmers, including
from pastoral areas, semi-agricultural and semi-pastoral
areas and different breeds, genders and ages. In each one
of sampling points, animals were allocated into at five
groups and treated as follows: 1) Closantel (CLO) (subcu-
taneous, 0.2 mL/1 kg body weight (BW)); 2) Ivermectin
(IVM) (oral, 0.67 mL/10 kg BW); 3) Albendazole (ABZ)
(oral, 0.3 pill/10 kg BW); 4) Levamisole (LEV) (oral, 1.5
pills/10 kg BW); 5) untreated control. The untreated con-
trol group to observe the natural decrease or increase in
the eggs per gram (EPG) [20]. All the anthelmintics had
passed the content determination of the Veterinary Phar-
macopoeia of the People’s Republic of China. Fecal sam-
ples were collected from each flock before and 14 days
after treatment, and quantitative analysis was performed
using a modified McMaster counting plate.

Faecal egg count reduction test (FECRT)

On the day before administration (D-1), fecal samples
were collected from the rectum of each animal for fae-
cal egg counts. In addition, these animals were weighed
separately and administered at the recommended dose.
The farms and their respective flocks had to: (1) at least
7 animals with EPG > 200 per group [18]; (2) As recom-
mended by Coles et al. (2006), anthelmintics were not
used for at least 30 days prior to the experiment [21].
Sheep were evenly grouped by body weight and EPG, and
were administered (D0) according to the specifications of
each anthelmintic manufacturer mentioned above. On
day 14 (D14), faeces were collected rectally and quanti-
tatively analysed using the modified McMaster counting
method for counting eggs, comparing the EPG before
and after treatment and calculating the rate of faecal
eggs count reduction (FECR). Meanwhile qualitatively
analysed using the saturated saline floatation method
while examined microscopically under a microscope, and
referring to the related parasite books’ Egg Atlas for the
identification of eggs [1, 22], determining the species and
calculating the infection rate by the parasites in different
regions.

The specific calculation formula is as follows:

FECR(%) = (EPGpre—treatment - EPGpost—treatment) /EPGpre—treatment x 100%

Infection rate = (number of positive sheep / number of tested sheep) x 100%

fecal samples of sheep were collected from five regions,
among them, Ulanhot City sheep #=300, Horqin Right
Wing Middle Banner sheep n=330, Horqin Right Wing
Front Banner sheep #n=600, Jalaid Banner sheep n=270,

Data analysis

According to the World Association for the Advancement
of Veterinary Parasitology (WAAVP) guidelines (2023)
for determination of anthelmintic resistance [23], the
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Fig. 1 Geographical coordinates of the sampling site Hinggan League, China

resistance of sheep GINSs to four anthelmintics was deter-
mined in this region. Differences in the infection of nema-
todes among geographical areas and sampling sites were
analyzed by using the one-way ANOVA test within the
software SPSS V 27 (IBM, New York, USA). When the p
value < 0.05, the difference was considered significant [24].
According to the changes of EPG pre- and post-treatment
measures within the same group, following the FECR cal-
culation method by Denwood et al. (fecrt.com data analy-
sis), to judge the results of AR test [25].

Results

In the detection of common parasites in five regions of
Hinggan league, it was found that the infection of para-
sites in different regions was different (Fig. 2). Among
them, the infection rate of Coccidia was between
83.3% and 96.06%, the infection rate of coccidia in
Horqin Right Wing Middle Banner was the highest,
and a sheep was as high as EPG=53300. The infec-
tion rate of Ascaris ovis was 10.17% -15.19%, which
infection rate in Tuquan County was the highest, and
a sheep was as high as EPG=2200. Moniezia bened-
eni were only found in sheep in Horqin Right Wing

Front Banner and Horqin Right Wing Middle Banner,
and the infection rate was only 0.6% -1%. Moniezia
expansa was infected in all five regions, and the infec-
tion rate ranged from 0.33% to 8.15%, the infection rate
of Tuquan County was the highest, and a sheep highly
reached EPG=8100. The infection rate of GINs was
100%, and the highest infection amount of sheep was
EPG=32400. However, in order to better understand
the distribution of parasites in different regions, based
on the infection rate in each region, the proportion of
mean EPG of different parasites was further counted
(Fig. 3) to determine whether there were differences in
parasite infections in different landforms in different
regions.The highest percentage of EPG in sheep infec-
tions in Jalaid Banner and Ulanhot City was extended
Moniezia expansa, while the highest percentage of EPG
in all other regions was GINs. Figure 3 showed that the
GINs infection, in addition to the large number of H.
contortus in the five regions, there were Chabertia spp.,
Oesophagostomum spp., Trichuris spp., Trichostrongylus
spp., Nematodirus spp. in Horqin Right Front Banner,
but the proportion was only between 1 and 5%. Hor-
qin Right Wing Middle Banner also had Trichuris spp.,
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Fig. 3 Average percentage of EPG by parasites

Trichostrongylus spp., Nematodirus spp.; Jalaid Ban-
ner had Trichostrongylus spp., Nematodirus spp.; three
types of nematodes (Chabertia spp., Trichostrongy-
lus spp., Nematodirus spp.) were found in Ulanhot; in
Tuquan County only Nematodirus spp.was found; and
these proportion of worms content were only between
1 and 2%. Therefore, H. contortus is still the dominant
species of infection. Subsequently, the eggs were quali-
tatively analyzed by saturated saline flotation method,
and the egg atlas was consulted to determine the spe-
cies genus as detailed in Figs. 4 and 5.

On the basis of previous epidemiological investiga-
tion, a total of 1770 sheep with severe infection in 5
regions of Hinggan league were screened for AR test,

Ulanhot city

B

u Coccidia

u Ascaris ovis

= Moniezia benedeni
Moniezia expansa

» Trichuris spp

u Trichostrongylus spp.

= Nematodiru

= Haemonchus contortus

Horqin Right Wing Middle Banner

E

® Coccidia

= Ascaris ovis

= Moniezia expansa V
= Nematodiru /
\W J
N0 ™ Haemonchus contortus T
d

l%/q

TuQuan County

and the anthelmintic use in different pastures in differ-
ent regions was recorded. The differences between the
five regions were not statistically significant ( p>0.05).
Figure 6 showed that the most popular choice of
anthelmintics for herdsmen is IVM, followed by ABZ
and anthelmintic combination. The results in Table 1
showed that the widely used IVM and ABZ had pro-
duced severe resistant in the five regions of Hinggan
league, and LEV also produced different degrees of
resistance in the five regions. The CLO was low resist-
ant in Horqgin Right Wing Middle Banner, and in the
other four regions, it was identified as having devel-
oped anthelmintic resistance.
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G Osertagia spp. egg, H Eggs infected by one of the sheep (10x40)

Discussion

In 2019, our laboratory tested the AR of sheep GINs in
Horqin Right Front Banner of Hinggan league. In this
area, sheep GINs were resistant to ABZ (FECR=36.8%),
resistant to IVM (FECR=39.1%), and sensitive to CLO
(FECR=98.2%) [14]. In 2024, the results of AR of sheep
in Horqin Right Wing Front Banner were IVM and ABZ
continuous resistance, FECR was 70.12% and 53.99%,
respectively. Resistant to CLO, FECR =86.2%; and resist-
ant to LEV, FECR=91.81%. Although the GINs of sheep
in this area were continuously resistant to IVM and ABZ,
the FECR of IVM and ABZ was slightly improved after
5 years, indicating that it was necessary to regularly carry

out AR investigation and provide guidance for the popu-
larization of parasites and rational use of anthelmintics
for herdsmen and farmers. There is a Chinese idiom
that * Out of the frying pan into the fire 'From the per-
spective of deworming effect, the degree of resistance
of ABZ and IVM is still very high, and the fundamen-
tal problem of AR has not been solved. 5 years later, it
was found that the GINs of sheep in this area had resist-
ance to CLO, FECR decreased from 98.2% to 86.2%,
and there was also a slight resistance to LEV. In 2024,
Cesar C. Bassetto [18] revisited AR in sheep from Sdo
Paulo state, Brazil, and found that worms resistance had
not improved in the past 30 years. On the contrary, the
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Table 1 Results of anthelmintics resistance tests
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Area Anthelmintic n Pre-Treatment  14th Day Post- FECR (%) Guidelines: clinical Guidelines: research
EPG Treatment EPG
(Mean +sd) (Mean +sd)

Horgin Right Wing Front Closantel 120 1679+2860 110192 86.2 Low Resistant Resistant

Banner Ivermectin 120 1848+2424 817+1833 53.99 Resistant Resistant
Albendazole 120 1460+2259 390+589 70.12 Resistant Resistant
Levamisole 120 1545+2121 71+£149 91.81 Low Resistant Resistant
Control 120 1430+£1631 1410+£1982 0.53 - -

Horgin Right Wing Middle Closantel 66 2813+4186 70+158 96.89 Low Resistant Low Resistant

Banner lvermectin 66  2970+3801 1755+1894 2387 Resistant Resistant
Albendazole 66  2201+3331 962 +1659 3555 Resistant Resistant
Levamisole 66  1965+2495 129+341 94.73 Resistant Resistant
Control 66 1885+1797 1684+1532 -18.84 - -

Jalaid Banner Closantel 54 1127+1256 145+189 84.18 Resistant Resistant
Ivermectin 54  894+725 7721159 14.72 Resistant Resistant
Albendazole 54 1013+703 670+ 580 2861 Resistant Resistant
Levamisole 54 1014x1116 113+£168 85.01 Resistant Resistant
Control 54 9324903 919+679 -7.12 - -

Ulanhot city Closantel 60 1210+2131 39+62 94.68 Low Resistant Resistant
Ivermectin 60 927+914 338+314 5561 Resistant Resistant
Albendazole 60 856+663 305+319 5849 Resistant Resistant
Levamisole 60 907+1115 67+367 91.91 Resistant Resistant
Control 60 8994699 10581245 -20.18 - -

Tuquan County Closantel 54 1506+2096 164+238 87.16 Resistant Resistant
Ivermectin 54 1876+4489 1188+ 2489 27.85 Resistant Resistant
Albendazole 54  2346+4662 693+ 1060 57.13 Resistant Resistant
Levamisole 54 1739+2186 181+571 88.87 Resistant Resistant
Control 54 1435+1882 1420+1924 -6.19 - -

Citations: EPG (Egg Per Gram), FECR (Fecal Egg Count Reduction)
Guidelines (clinical): Based on an expected efficacy of 99% and a lower efficacy threshold of 90%

Guidelines (research): Based on an expected efficacy of 99% and a lower efficacy threshold of 95%
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situation had deteriorated, which is consistent with the
results obtained in this study. Regarding the changes in
the species of GINs in the region during the five-year
period, compared with the previous survey did not detect
Bunosomum trigonocephalus spp. in this survey. Ostera-
gia spp.was not detected in the McMaster technique, but
three eggs were found in the qualitative test, so they were
not included in the statistical results. Other nematodes
were consistent with previous surveys. In summary, it is
necessary to regularly carry out parasitic infection inves-
tigation and AR detection, so that new measures can be
taken as soon as possible to delay the occurrence of AR
and reduce the probability of AR.

In the AR survey in Horqin Right Wing Middle Ban-
ner, it was found that the region was low resistant to
CLO and resistant to LEV, IVM and ABZ; the GINs of
sheep in Ulanhot > Jalaid Banner and Tuquan County
have developed resistance to these four anthelmintics.
Throughout the deworming effect of four anthelmin-
tics in five regions, the deworming effect of CLO was
between 84.18% and 96.89%, IVM deworming effect was
between 14.72% and 55.61%, ABZ was 28.61% to 70.12%,
and LEV was 85.01% to 94.73%. If there is a division of
the degree of AR, CLO and LEV are classified as mild
drug resistance, while IVM and ABZ are moderately
resistant. And even the lowest deworming rate of IVM
was only 14.72%, and the lowest deworming rate of ABZ
was only 28.61%. In the statistics of anthelmintics com-
monly used by herdsmen, we found that the frequency
of use of LEV and CLO was only 6% and 4%, and IVM
was highest to 40%. The herdsmen in Jalaid Banner had
used LEV for a long time, so the results of this AR sur-
vey showed that the lowest deworming effect of LEV in
this area was 85.01%. The CLO usually is subcutaneous
injection, compared with oral administration, the subcu-
taneous injection is somewhat troublesome and the cost
of deworming when high of a large number of deworm-
ing in sheep farms. Therefore, herdsmen still prefer IVM,
ABZ and other anthelmintics for deworming. Therefore,
it is further speculated that the occurrence and persis-
tence of AR are related to the number of medications and
the dosage of medication. In the process of epidemiologi-
cal investigation and sampling in Hinggan League, China,
Aershan City is a forest area, due to its special geomor-
phological environment, the sampling and detection of
AR will be more difficult; secondly, its tourism industry
is developed, and the relative yield of sheep is relatively
small. The region is not representative, so there was no
investigation of parasitic infection and AR of sheep in
Aershan City. In addition, it was found that there was no
significant difference in worm infection between agricul-
tural areas, pastoral areas or semi-agricultural and semi-
pastoral farming methods in this survey. We believe that
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it is related to the special climate influence during this
survey, this year, from June to July, the rainfall in Hing-
gan League is larger compared to the previous years, and
the rainfall lasts for a longer period of time, so most of
the sheep will take the captive form of rearing under the
influence of the weather. Through the literature reports
and parasite life history, the breeding mode has a certain
impact on the infection of sheep parasites. If you want to
truly understand the influence of the breeding method
on the infection of the parasite, it is necessary to design
experiments for different grazing forms, find representa-
tive sites, and repeat many times. It is expected that there
will be new discoveries.

This survey’s results were that five regions had devel-
oped varying degrees of resistance to common anthel-
mintics. By reviewing relevant reports from home and
abroad, the author summarized the resistance of sheep
GINs to common anthelmintics in some northern
regions of China in the past 8 years [26—35] (Table 2),
and summed the development of AR in international
sheep GINs [36-56] (Table 3). In most parts of China,
it had developed resistance to IVM and ABZ, LEV and
CLO were resistant in a few areas, while Moxidectin
and Nitroxynil were relatively sensitive. In the latest
report ( 2024), only the Xinjiang Uygur Autonomous
Region was sensitive to ABZ [35]. International stud-
ies have found that almost all ABZ were resistant, and
IVM, LEV, MOX and CLO were resistant in most areas,
although there had some reports of anthelmintic sensitiv-
ity, these reports were made two years ago. Monepantel,
a relatively new anthelmintic, had also been reported to
be resistant in Uruguay in 2014 [41]. In summary, it was
found that GINs have developed more widespread and
multi-drug resistance to various types of anthelmintics
[57]. Due to the limited choice of available anthelmintics
and the prevalence of resistance, this situation indicates
that pastoral households and local governments need to
implement innovative and sustainable strategies to con-
trol GINs infections.

Studies have shown that anthelmintic combination
may be able to solve worms that have developed AR. S.
Luque used the combination of MOX and LEV, and no
obvious adverse pharmacokinetic changes were observed
compared with the single anthelmintic. In 2014, FECR
was 99% ( MOX), 85% ( LEV) and 100% ( MOX+LEV),
respectively. After 4 years, the anthelmintic effect of
MOX+LEV combination ( 87%) was significantly higher
than that of MOX ( 42%) or LEV (69%) alone [58]. In
2023, Gonzalo Su ’arez reported that CLO+MXD
administered simultaneously by sc and oral administra-
tion will not lead to any related drug-drug pharmacoki-
netic interaction. After combined administration, the
efficacy of CLO and MOX resistant nematodes was the
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Table 2 Survey on anthelmintic resistance of GINs in Sheep in northern China
Anthelmintics Year Area Judge Reference
Albendazole 2017 Eastern Inner Mongolia Resistant [26]
2017 Hulun Buir Inner Mongolia Resistant 27]
2018 Ulangab Inner Mongolia Resistant [13]
2018 Ordos Inner Mongolia Resistant [28]
2019 Ulangab Inner Mongolia Resistant [29]
2020 Xilingol League Inner Mongolia Resistant [30]
2021 Hinggan League Inner Mongolia Resistant [14]
2021 Tailai County, Heilongjiang Province Resistant [31]
Xilinhot City/ Yakeshi City Inner Mongolia
2022 Ordos Inner Mongolia Resistant [24]
2024 Xinjiang Uygur Autonomous Region Sensitive [35]
lvermectin 2017 Eastern Inner Mongolia Resistant [26]
2017 Hulun Buir Inner Mongolia Resistant [27]
2018 Ulangab Inner Mongolia Resistant [13]
2018 Ordos Inner Mongolia Resistant [28]
2019 Ulangab Inner Mongolia Resistant [29]
2020 Xilingol League Inner Mongolia Resistant [30]
2021 Hinggan League Inner Mongolia Resistant [14]
2021 Tailai County, Heilongjiang Province Resistant [31]
Xilinhot City/ Yakeshi City Inner Mongolia
2022 Ordos Inner Mongolia Resistant [24]
2022 Hulun Buir /Xilinhot City Inner Mongolia Resistant [33]
Levamisole 2017 Eastern Inner Mongolia Sensitive [26]
2018 Ordos Inner Mongolia Resistant [28]
2019 Ulangab Inner Mongolia Sensitive [29]
2020 Xilingol League Inner Mongolia Sensitive [30]
2021 Tailai County, Heilongjiang Province Sensitive [31]
Xilinhot City/ Yakeshi City Inner Mongolia
2022 Ordos Inner Mongolia Suspected [24]
Closantel 2017 Hulun Buir Inner Mongolia Sensitive [27]
2019 Ulangab Inner Mongolia Resistant [29]
2020 Xilingol League Inner Mongolia Sensitive [30]
2021 Hinggan League Inner Mongolia Sensitive [14]
2022 Ordos Inner Mongolia Suspected 24]
Moxidectin 2021 Altay Prefecture in Xinjiang Sensitive [32]
2023 Heilongjiang Province Sensitive [34]
Nitroxynil 2018 Ordos Inner Mongolia Sensitive [28]
2020 Xilingol League Inner Mongolia Sensitive [30]
2022 Ordos Inner Mongolia Suspected [24]

highest [59]. At present, the combination of anthelmintic
seems to be an effective strategy to control AR GINS. If it
is overused, there will be a risk of producing multi-drug
resistant parasite populations, in this case, the anthel-
mintic combination under specific management condi-
tions to use, only when the animals are parasitized by a
large number of nematodes and difficult to control, it is
meaningful to combine policy use.

Of course, researchers have also been engaged in the
study of AR in recent years, hoping to overcome the
problem of AR as soon as possible. In the research pro-
gress of H. contortus resistance to IVM, three possible
resistance mechanisms have been reported, which are
targeting GABA-gated Cl-channels, reducing gluta-
mate-gated Cl-opening frequency, and binding efflux
transporter proteins [60-63]. The production of ABZ
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Table 3 Aggregation of international reports on anthelmintic resistance about GINs

(]

Anthelmintics Year Area Judge Reference
Albendazole 2011 Trinidad Resistant (37]
2012 S&o Paulo state, Brazil Resistant [39]
2017 Antioquia,Colombia Resistant [43]
2020 Bangladesh Resistant [50]
2020 Costa Rica Resistant [49]
2021 Beni-Suef province, Egypt Resistant [51]
2022 Southwest England Resistant [56]
2022 Sweden Resistant [55]
2023 Minas Gerais, Brazil Resistant [54]
2024 S ao Paulo State, Brazil Resistant [18]
Ivermectin 2010 Netherlands Sensitive [36]
2011 Trinidad Resistant [37]
2012 Sao Paulo state, Brazil Resistant [39]
2014 Inland southern Queensland Resistant [40]
2017 Kashmir valley Sensitive [45]
2017 Antioquia,Colombia Resistant [43]
2018 Netherlands Resistant [46]
2020 Bangladesh Resistant [50]
2020 Costa Rica Resistant [49]
2021 Beni-Suef province, Egypt Sensitive [51]
2022 Southwest England Resistan [56]
2022 Sweden Resistant [55]
2023 Minas Gerais, Brazil Resistant [54]
2024 Sao Paulo State, Brazil Resistant [18]
Levamisole 2011 Trinidad Resistant [37]
2012 Sao Paulo state, Brazil Resistant [39]
2014 Inland southern Queensland Resistant [40]
2017 Antioquia,Colombia Resistant [43]
2020 Bangladesh Resistant [50]
2020 Costa Rica Low Resistant [49]
2021 Beni-Suef province, Egypt Sensitive [51]
2022 Southwest England Resistant [56]
2022 Sweden Sensitive [55]
2023 Minas Gerais, Brazil Resistant [54]
2024 S"ao Paulo State, Brazil Suspected [18]
Closantel 2012 S&o Paulo state, Brazil Resistant [39]
2014 Inland southern Queensland Resistant [40]
2016 Ontario,Canada Sensitive [42]
2017 Kashmir valley Sensitive [45]
2018 Netherlands Resistant [46]
2021 Northeastern Brazil Suspected [53]
2024 S ao Paulo State, Brazil Resistant [18]
Monepantel 2011 Australia Sensitive [38]
2014 Uruguay Resistant [41]
2017 Botucatu, SP, Brazil Resistant [44]
2019 UK Resistant [47]
2020 Sweden Resistant [48]
2021 Espirito Santo, Brazil Resistant 52]
]

2024 S"ao Paulo State, Brazil Sensitive
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Table 3 (continued)
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Anthelmintics Year Area Judge Reference
Moxidectin 2010 Netherlands Sensitive [36]

2012 Sao Paulo state, Brazil Resistant [39]

2014 Inland southern Queensland Resistant [40]

2017 Antioquia,Colombia Resistant [43]

2018 Netherlands Resistant [46]

2022 Southwest England Resistant [56]

2022 Sweden Sensitive [55]

2024 S ao Paulo State, Brazil Resistant 18]

resistance is closely related to p-tubulin. The single
nucleotide polymorphisms (snp) at the codons 167,198
and 200 of the isotype-1B-tubulin gene are related to
the occurrence of parasite resistance [64, 65], and also
related to the p-glycoprotein coding gene (P-gps) of
nematodes, which help to excrete the drug into the
extracellular compartment, thus leading to drug resist-
ance [66]. LEV acts as an agonist on nicotinic acetyl-
choline receptors (nAChRs) at the neuromuscular
junction of nematodes, leading to persistent neuromus-
cular depolarization and spastic paralysis. The resist-
ance to LEV may also be due to gene mutations that do
not encode the structural components of nAChR itself
[67, 68]. In view of the pharmacological complexity of
anthelmintics and the potential non-specific resistance
mechanisms (such as P-gps), AR may be polygenic and
may vary between different helminth species and even
between isolates within a species. In addition to under-
standing the mechanism of resistance to anthelmintics,
researchers also used advanced scientific methods such
as whole genome, proteomics, whole transcriptomics
(the role of non-coding RNA in AR), AR genetic analysis
and other methods to compare the differences between
the sensitive group and the drug-resistant group, com-
bined with g-PCR, western-blot and other methods to
narrow the range of AR genes, so as to screen differen-
tial genes. Subsequently, some teams tried to use RNAj,
gene knockout, overexpression and other methods [69-
74] to detect whether the selected AR genes play a key
role, or to reverse the AR problem by changing the AR
genes through manual intervention, but this still seems
to be some difficulty and challenge.

In addition to the above common GINs infections, the
survey also found that some sheep were infected with
Coccidia, Ascaris ovis and Moniezia. These parasites also
cause irreversible damage to the host, and the anthelmin-
tics of different species are also different. In addition, in
the survey of sheep in Hinggan league, only one sheep

farm was infected with cerebral echinococcosis, and the
fetal sheep died in the abdomen. Because the owner of
the farm did not raise separately in time, other sheep had
been infected. Parasitic diseases are easy to be ignored
in both animal and human healthy life, people are not
enough awareness of parasites, and their development
and parasitism lead to a long time for the host to pro-
duce diseases. Compared with other viral and bacterial
epidemic diseases, the outbreak process is slow. In fact,
most of parasitosis bring extremely serious damage to
the host, even death. With the development of breeding
industry and the influence of grazing environment, the
probability of animals infected with parasites to spread
parasites is also increasing. A large number of parasites
will lead to host emaciation, anemia, abortion and death,
so farmers will take corresponding measures to solve par-
asites. As we all know, the fundamental method to solve
infectious diseases is divided into three steps: controlling
the source of infection, cutting off the route of transmis-
sion, and protecting susceptible animals. So the preven-
tion and control measures for parasites mainly include:
1.Strengthen feeding management: pay attention to the
hygiene of feeding environment, avoid drinking polluted
water, reasonable feeding, and improve the immunity of
livestock. 2. Innocent treatment of feces: regular clean-
ing of feces, harmless treatment, composting and fer-
mentation of feces, and high temperature can effectively
kill parasite eggs and larvae in feces. 3. Elimination of
intermediate hosts: such as mice, mosquitoes, etc., can
be medicated bath, spray, etc., to eliminate intermediate
hosts. 4. Scientific deworming: First, regularly check and
monitor the parasite infection status of livestock, select
the appropriate drugs, do not follow the trend and do not
blindly use anthelmintics. 5. Environmental disinfesta-
tion and diseased animals for isolation rearing, etc. [75].
These relatively effective prevention and control meas-
ures need to increase publicity, so that more herdsmen
reasonable scientific breeding.
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In this epidemiological survey of parasites, we found
that most farmers rely on anthelmintics for deworming.
Especially in recent years, the resistance of commonly
used anthelmintics had become increasingly serious, so
farmers believed that increasing the dose of drugs can
be effective, and administered multiple times, and the
interval between deworming was short. In addition, we
also counted their faeces disposal, environmental dis-
infection and isolation of diseased animals, and most
of them did not take reasonable precautions. In fact,
it can be understood, these works need to consume
human, material and financial resources, large-scale
farms can do it, but some other herdsmen cannot do it.
After all, the conditions and environment are limited,
and it is difficult to achieve health standards and envi-
ronmental standards at all times. So they will choose
chemical drugs to deworm quickly. The irrational use of
drugs over time has also become the key to accelerating
the development of AR, of course, with the impact of
geomorphological environment and climate, the degree
will change slightly. The diagnosis of AR and the lack
of awareness of AR issues are still the key to increas-
ing the development of AR in more farms. It is clear
that herders need to reduce their dependence on tra-
ditional anthelmintics and cannot use them as the only
way to control GINs [76]. Therefore, must be according
to the actual situation of herdsmen to selectively use
anthelmintic treatment and combine with one or more
alternative methods for the control of GINs. In this
implementation process, sheep farmers, researchers
and local governments need to cooperate. Otherwise,
the sustainability of existing and upcoming anthelmin-
tic molecules will remain unfeasible.

Through this epidemiological investigation of Hinggan
League, we know the real farming environment and para-
site infection in agricultural and pastoral areas, so we will
think about a question, how to really improve the preven-
tive measures of parasites, and how to use anthelmintic
conveniently, quickly and standardly. Under the premise
of protecting the fundamental interests of farmers and
herdsmen, more efficient and rapid prevention and con-
trol of parasitic diseases, which has to be thought-pro-
voking. In summary, it was found that sheep in Hinggan
League of China were infected with a variety of parasites,
and GINs have developed more extensive and multi-drug
resistance to various types of anthelmintics. Due to the
limited choice of available anthelmintics and the preva-
lence of AR, this situation indicates that herders need to
implement innovative and sustainable strategies to con-
trol gastrointestinal nematode infections.
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Conclusion

This study mainly reported the common parasites
infected by sheep in Hinggan league, China, includ-
ing Coccidia, Ascaris ovis, Moniezia and Haemonchus
contortus, and tested the anthelmintic resistance of gas-
trointestinal nematodes, and found that only Horgin
Right Wing Middle Banner was low resistant to CLO
in the five regions, and the rest had different degrees
of anthelmintic resistance to IVM, ABZ, CLO and LEV.
Due to the limited selectivity of available anthelmin-
tics and the prevalence of anthelmintic resistance, it is
necessary to standardize breeding and rationally use
anthelmintics for deworming. According to the differ-
ent anthelmintic resistance situation in each region,
according to local conditions to provide medication
guidance, combine with local conditions, put forward
sustainable strategies to control gastrointestinal nema-
tode infection is the primary prevention and control
task at present.
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