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Abstract
Nowadays, antimicrobial resistance is a burning issue all over the globe and has been addressed with higher priority. Anthelmintic resist-
ance (AhR) is also becoming a threatening issue since control of helminths mainly depends on deworming using anthelmintics. Therefore, 
anthelmintics are frequently used around the year. However, the issue regarding AhR has not been focused properly when compared with 
anti-microbial resistance (AMR). The occurrence of AhR in livestock is very common and increasing rapidly. There are lots of evidences 
of AhR developed against various anthelmintics. The intensive and indiscriminate use of anthelmintics like benzimidazoles (BMZ), tet-
rahydropyrimidines (THP) and macrocyclic lactones (MCL) has led to the development of AhR. Therefore, researchers should devise 
and implement new strategies for helminth control, and control should increasingly incorporate alternative and evidence-based control 
strategies to limit the development of AhR. This review describes the mechanism of AhR, recent advances in developing resistance, di-
agnostic tests and worm control strategies.

Key words: anthelmintic resistance, mechanism of anthelmintic resistance, resistance diagnostic tests, worm control strategies, herbal 
anthelmintic

Helminths are diverse groups of parasitic worms that 
include nematodes, trematodes and cestodes and are se-
rious threats to both human and animal health in many 
parts of the world (Kaplan, 2004; Hotez et al., 2008; Ali 
et al., 2024). Humans, animals and poultry are infected 
with a variety of helminths on pastures, the most preva-
lent of which are gastrointestinal (GIT) nematodes and 
flukes, by ingesting the infective larvae or metacercari-
ae, the encysted infective stage of flukes on the contam-
inated grass, or by skin penetration (e.g., hookworms, 
Strongyloides or Schistosoma) (Van Dijk et al., 2010; 
Labony et al., 2022 a, b; Dey et al., 2022; Anisuzzaman 
et al., 2023). Helminths have constantly  been a prob-
lem and undoubtedly  a long-standing issue that poses 
a threat to the livestock and poultry industry (Waller, 
2006; Shohana et al., 2023). These parasites impair 
animals’ or birds’ productivity and welfare, negatively 
affecting feed consumption, growth rate, milk and egg 
production (Charlier, 2014; Anisuzzaman et al., 2022; 
Ritu et al., 2024). 

Helminth infections are treated with a number of 
drugs, such as macrocyclic lactones (MCL), benzimi-
dazoles (BMZ), imidazothiazoles (ITZ), and praziqu-
antel (PZQ). Due to frequent use, administration for 
a  long time and substandard dose, anthelmintic resist-
ance (AhR) may develop. Animals quickly developed 
resistance to anthelmintics once they were introduced 
(Shalaby, 2013; Hasan et al., 2022; Parvin et al., 2022, 
2023). AhR to the broad spectrum anthelmintics was de-
tected nearly three decades ago and this phenomenon has 
changed from being considered merely a parasitological 
curiosity to a state of industry crisis in livestock sectors 
and human health (Waller, 1997). The presence of AhR 
in parasites of various animal species has been observed, 
including cattle (Lifschitz et al., 2010; Geurden et al., 
2015), sheep, goats (Coles, 2005; Domke et al., 2012) 
and horses (Geurden et al., 2013; Wolf et al., 2014; Saes 
et al., 2016). The annual cost for parasitic diseases has 
been calculated at 1 billion dollars in Australia (Roeber 
et al., 2013), 7.11 billion dollars in Brazil (Grisi et al., 
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2014), and believed to be 10 billion dollars worldwide 
(Roeber et al., 2013). Even though AhR in livestock spe-
cies is a global problem; true prevalence, diagnostic tools, 
and other useful management strategies to slow down its 
spread are yet to be addressed properly. If the spread-
ing of AhR can be prevented, then the currently avail-
able anthelmintics will remain effective in the long term. 
Wherever possible, competent authorities, the veterinary 
pharmaceutical industry, veterinarians, independent or-
ganizations, and academia should collaborate to deter-
mine the needs of farmers for parasite control programs 
as well as to improve parasitology research (OIE, 2021; 
Anisuzzaman et al., 2023). Such resistance in livestock 
is a persistent and growing issue in all parts of the world 
and requires immediate attention. In this review, we de-
scribe the mechanism of development of AhR along with 
the methods used for the detection of AhR.

What is AhR?
Anthelmintic resistance is the capability of parasites 

to endure at the therapeutic doses of an anthelmintic that 
would normally kill parasites of the same species and 
stage. The phenomenon of AhR is inherited and par-
ent worms pass the genetic material to their progeny in  
a vertical fashion that controls the process of AhR. These 
resistant genes are initially uncommon in the popula-
tion or develop as rare mutations, but as selection pro-
gresses, both their frequency in the population and the 
number of resistant parasites rise (Geary et al., 2012; 
Nielsen, 2022). Different anthelmintics exhibit different 
types of resistance. The first type of resistance, known 
as cross-resistance, allows a parasite strain to withstand 
therapeutic doses of anthelmintics with distinct chemi-
cal structures or modes of action. One example of cross-
resistance is resistance to anthelmintics belonging to 
BMZ. The second sort of resistance is called side resist-
ance, and it refers to a situation in which an anthelmintic 
is resistant because another anthelmintic with a similar 
mechanism of action has been selected for it. It has been 
claimed that Levamisole-resistant strains also develop 
side resistance to morantel. The third kind of resistance, 
known as multiple resistance, occurs when parasites be-
come resistant to two or more anthelmintics as a result 
of selection by either each group independently or con-
currently (Nipane et al., 2008; Ahuir-Baraia et al., 2021). 
AhR is increasing and becoming a major global barrier 
in livestock production. Future livestock production and 
grazing animals’ welfare will be seriously threatened 
by the emergence of AhR (Shalaby, 2013; Vineer et al., 
2020). For farmers using only conventional deworming 
with commercial anthelmintics,  AhR leaves  very few 
options to control the foe (Rios-de Alvarez et al., 2021; 
Charlier et al., 2022). It is common for nematode para-
sites of sheep, goats, and horses to exhibit AhR. AhR is 
also common for nematode parasites of pigs and cattle 
(Prichard, 1994). However, the prevalence of AhR in 
livestock-infecting parasitic worms has increased stead-
ily over time (Mukherjee et al., 2023). In the year 1980, a 

study assessed the information regarding the detection of 
AhR. Based on their analysis, they anticipated the spread 
and long-term effects of AhR and also established objec-
tives for future research (Prichard et al., 1980). The first 
report of AhR against a contemporary medicine used in 
animal production was made in 1964 for H. contortus, a 
parasite that was resistant to BMZ in sheep (Drudge et 
al., 1964). Within ten years of the first report of AhR, sci-
entists revealed AhR in sheep parasites on a regular ba-
sis followed by resistance in horse and cattle nematodes 
subsequently (Jackson et al., 2006; Kotze and Prichard, 
2016).

Mechanism of AhR
AhR mechanisms typically involve one or more of 

the following: (1) up-regulation of cellular efflux mecha-
nisms, (2) an increase in drug metabolism, (3) modifica-
tion of drug-receptor sites that reduce drug binding or the 
functional consequences of drug binding, or (4) a decrease 
in drug-receptor abundance through reduction of expres-
sion or another route for down-regulation. The relationship 
between the aforementioned changes and resistance varies 
between helminth species (Sarai et al., 2014, Kotze and 
Prichard, 2016; Fissiha and Kinde, 2021).

BMZ
BMZ inhibit the polymerization of β-tubulin which 

is essential to form microtubules. It is well known that 
resistance is linked to point mutations in the β-tubulin 
genes which prevent drug binding. However, a number of 
distinct β-tubulin gene polymorphisms have been linked 
to BMZ resistance (Feng and Yates, 2003). Though 
BMZ-resistant strains of H. contortus have a change in 
the β-tubulin isoforms but not in the α-tubulin isoforms 
(Lubega and Prichard, 1991). However, restriction frag-
ment length polymorphism (RFLP) pattern for individual 
worm DNA when cut with HpaI, a restriction enzyme 
and hybridized with a H. contortus-tubulin DNA probe 
(isotype 1), this pattern also provided evidence that  
a change in α-tubulin may be related to BMZ resistance 
(Roos et al., 1990). Cloning and sequencing of β-tubulin 
genes from Brugia pahangi and H. contortus showed that 
there are at least two different isotypes of β-tubulin genes 
in these parasites (Guenette et al., 1991, 1992; Geary 
et al., 1992). Recently, with BMZ resistance, the RFLP 
patterns for both isotype 1 and isotype 2 β-tubulin genes 
are reduced, and isotype 2 may not even be present in 
extremely resistant strains of H. contortus (Kwa et al., 
1993 b). Using isotype 1 or isotype 2 specific primers-
based polymerase chain reaction (PCR) analysis of indi-
vidual H. contortus has shown a decrease in the number 
of alleles for each isotype linked with BMZ resistance 
in this nematode (Prichard et al., 1993). Additional PCR 
study has revealed that in H. contortus there is a reduc-
tion from at least 6 isotypes 1 allele to a single isotype 1 
allele, and for isotype 2 there is also a marked reduction 
from over 12 different alleles, with the development of 
BMZ resistance (Beech et al., 1994).
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Ivermectin (IVM)
IVM belongs to the MCL and has a  high affinity 

for glutamate-activated chloride (GAC) channels found 
in nematode and arthropod nerve or muscle cells. IVM 
causes hyperpolarization of nerve and muscle cells by 
increasing the permeability of chloride ions through the 
cell membrane; thus, the drug paralyses worms to death 
(Ikeda, 2003). A change in the glutamate/IVM chloride 
channel receptors prevents the GAC channel from open-
ing in nematode and arthropod neuromuscular mem-
branes (Johnson, 1993). Some worm genera may exhibit 
IVM resistance due to a P-glycoprotein homologue (Dent 
et al., 2000). The worm develops high-level resistance 
to IVM when the genes encoding GAC channel a-type 
subunits are simultaneously mutated. Several in vivo fe-
cal egg counts indicate that IVM resistance in worms 
may result from both target mutation and transport mod-
ification. It is found in some genetic studies that IVM 
resistance is dominant in H. contortus, perhaps reflect-
ing a gain-of-function mutation, while it could be that 
true resistance is caused by polymorphisms in several 
closely related genes. High-level of AhR in Caenorhab-
ditis elegans requires many mutations (Sangster, 1998). 
A photoactive analog of IVM named azido avermectin 
has been synthesized (Rohrer et al., 1992) and shown to 
have similar activity to IVM and compete with IVM for 
a membrane receptor in C. elegans, however, gamma-
aminobutyric acid (GABA) did not compete with the 
IVM binding (Cully and Paress, 1991). IVM resistance 
has been detected in cyathostomins (small strongyles) of 
horses in Argentina (Cooper et al., 2024). 

Levamisole (LEV)
LEV belongs to ITZ group of anthelmintics. It is the 

most popular cholinergic anthelmintic and acts as an ago-
nist at nicotinic acetylcholine receptors (nAChR) at the 

nematode neuromuscular junction and induces spastic pa-
ralysis. However, the mechanism of resistance to this class 
of medications is still unknown. Nevertheless, one possi-
ble resistance mechanism has been proposed as the reduc-
tion in the number of receptors (Geerts et al., 1997). LEV-
resistant nematodes are also resistant to other  nicotinic 
agonists such as pyrantel and morantel. Membrane prepa-
rations from resistant nematodes have decreased binding 
affinity for a LEV analogue at a low affinity (Waller, 2006). 
Lacking nAChR, resistant mutants (such as C. elegans) do 
not respond to cholinergic agonists such as acetylcholine, 
nicotine, carbamyl chloride, and LEV, which cause flaccid 
paralysis (Lewis et al., 1980).

Praziquantel (PZQ)
PZQ is commonly used against all trematodes except 

Fasciola spp., however, it is a drug of choice against 
schistosomes. Precise mode of action of PZQ is un-
known, therefore, it is uncertain how schistosomes devel-
op a resistance to it. Immature schistosomes, particularly 
skin stage schistosomula, are resistant or less susceptible 
to the medicine, which is a complicating aspect regarding 
PZQ resistance that should be highlighted (Frahm et al., 
2019; Anisuzzaman et al., 2021). The low cure rates may 
therefore be caused by the presence of immature worms 
in the patients at the time of therapy (Renganathan and 
Cioli 1998; Gryseels et al., 2001). Various groups have 
successfully established PZQ resistance in the lab by 
sustaining schistosomes in mice for numerous genera-
tions at increasing sub-lethal and ultimately lethal doses 
of PZQ as well. These isolates lack long-term stability 
and also exhibit decreased genetic diversity, similar to 
field-derived bacteria with reduced sensitivity, but the 
molecular processes underlying induced resistance are 
still unknown (Coeli et al., 2013; Hoekstra et al., 2020, 
2022; Alemu et al., 2024).

Figure 1. Anthelmintic resistance and its associated factors
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Methods for detection of AhR
In vivo tests
Fecal egg count reduction test (FECRT)
FECRT is the main method for detecting AhR in 

worms with veterinary significance (Calvete and Uri-
arte, 2013). Fecal egg counts (FEC) are performed be-
fore therapy and after treatment at different time points. 
Therefore, FECRT is calculated to estimate the effective-
ness of the anthelmintic used (Coles et al., 1992). The 
data are interpreted using the arithmetic mean of FEC, 
and resistance is thought to exist if the percentage of 
reduction  is less than 95%, and the 95% lower confi-
dence limit is less than 90%. Resistance is suspected if 
just one of the two criteria  is met (d’Assonville et al., 
1996). FECRT has been used successfully to detect AhR 
in many countries, including Zimbabwe (Mukaratirwa et 
al., 1997), Zambia (Gabriel et al., 2001), Brazil (Fortes et 
al., 2013), Kenya (Mwamachi et al., 1995), Switzerland 
(Artho et al., 2007), and Bangladesh (Dey et al., 2020). 
FECRT has the advantage of being compatible with all 
currently available anthelmintic groups. The disadvan-
tage is that the number of adult worms present inside 
the animals does not always match the FEC levels (Vatta 
and Lindberg, 2006; Coles, 2002). FECRT only indicates 
the number of fecund adults. However, FECRT has been 
used for over 30  years, and  more recent work has re-
vealed shortcomings in the diagnosis of resistance based 
on proportional reduction (Lejeune et al., 2023; Kaplan 
et al., 2023; Krücken et al., 2024). 

Controlled anthelmintic efficacy test
The test is regarded as the gold standard for the detec-

tion of AhR, and the most accurate and reliable method 
for determining an anthelmintic’s effectiveness against a 
mixed infection. In this method, one group of animals 
receives the anthelmintic while the second group are kept 
as untreated controls. The effectiveness is determined by 
comparing post-mortem worm counts between the two 
experimental animal groups and by identifying surviving 
(resistant) helminths (George et al., 2017). The helminths 
are regarded as resistant when the worm burden reduc-
tion is less than 90%. Laboratory animals might be the 
greatest option due to their high-cost involvement (Has-
san and Ghazy, 2022).

Critical anthelmintic test
Hall and Foster (1918) described this test first which 

is based on the collection of animals’ feces for at least 
four days following the anthelmintic treatment.  The 
expelled worms are recovered and their number is esti-
mated. Then the animals are slaughtered, residual worm 
burdens are estimated, and the percentage efficacy is cal-
culated by dividing the number of expelled worms by the 
residual number and multiplying by 100 (Gordon, 1950). 
The main advantage of this technique is that each animal 
acts as its control. Therefore, fewer animals are needed in 
this method than in the controlled efficacy test. Unfortu-
nately, in addition to the aforementioned drawbacks, the 

critical test requires a lot of time and labor (Johansen, 
1989).

In vitro tests
Egg hatch test (EHT)
The EHT is an in vitro test and can be performed to 

assess AhR (Le Jambre, 1976). EHT was developed to 
differentiate between the strains of gastrointestinal tract 
nematodes (GIN) that are susceptible to BMZ and LEV. 
It  is comparably quicker and less expensive than FE-
CRT. The principle is based on calculating the percent-
age of eggs that do not hatch in solutions of increasing 
drug concentrations in comparison to the control wells, 
enabling the test user to develop a dose-response line 
plotted against the drug concentration (Taylor, 1990). 
Dose-response lines are generated in the EHT and other 
in vitro tests (Sangster and Dobson, 2002). This enables 
the calculation of parameters, such as the EC95, a single 
parameter used to compare isolates that can destroy 95% 
of eggs. Resistant worms will have a higher EC95 be-
cause a higher drug concentration is required to kill them. 
These tests are underutilized tools for assessing resistant 
phenotypes. However, they have become fundamental 
tools for researching the outcomes of experimental ge-
netic crosses (Elard et al., 1999; Fairweather et al., 2012; 
Robles-Pérez et al., 2014; Calvete et al., 2014).

Larval development assay (LDA) 
The LDA was described in detail by Hubert and Ker-

bouf (1992), which is conducted in a 96-well plate. Each 
well of a 96-well-microtiter plate is filled with the counted 
number of eggs in 0.5 mL of egg suspension. The well con-
tents are then mixed, and the plates are then incubated in an 
incubator with humidified conditions at 27°C for 48 hours. 
Anthelmintics are then added to the plates and incubated 
further for 5 days. Plates are examined to determine the de-
velopment of eggs and survival of the larvae at various con-
centrations of anthelmintics. Therefore, the percentage of 
inhibition of larval development in each well is determined 
using the following formula (Cala et al., 2012):

E = ((Eggs + L1) – L1/(Eggs + L1)×100) 

Larval motility, migration and paralysis test
By this method, the effects of anthelmintics on larval 

motility and migration capability are evaluated. Larvae 
are incubated for 24 hours at 25°C in the dark with vary-
ing drug concentrations. Then, they are exposed to light 
for 20 minutes to stimulate the unparalyzed larvae. The 
number of non-motile larvae is then calculated and per-
cent of non-motile larvae is estimated as a proportion of 
total  larvae present at each drug concentration (Kohler, 
2001). The motility of the larvae can be monitored by 
light microscopy or by a high throughput real-time cell 
monitoring equipment x-CELLigence which was suc-
cessfully used to detect and evaluate AhR. By x-CELLi-
gence, a larval motility test has already been performed 
in H. contortus (Rinaldi et al., 2015). It has also been 
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used to distinguish between strains that are suscepti-
ble to BMZ and pyrantel. The larval migration test has 
also been utilized to test AhR in adult pig nematode,  
Oesophagostomum dentatum. In the assay, adult worms 
were incubated in anthelmintic at different concentra-
tions and then transferred to the migration chambers.  
The migration chamber had polyamide nets with mesh 
sizes ranging from 300 to 500 µm, and the worms were 
free to migrate through them for 30 minutes. Therefore, 
migrated larvae were counted and data were used to  
create a dose-response curve (Petersen et al., 1997,  
2000).

Tubulin binding assay
It is a specific technique used for the identification of 

BMZ-resistant helminths. It is based on the differences in 
binding of the BMZ to tubulin (an intracellular structural 
protein)  isolated from  susceptible and resistant nema-
todes (Nega and Seyum, 2017). Tritium-labeled BMZ 
is incubated with crude tubulin extract harvested  from 
several stages of parasites (adult, larval, and eggs) until 
equilibrium is obtained. Charcoal is used to remove any 
extra medication, and a liquid scintillation spectrometer 
is used to measure the amount of tritium-BMZ/tubulin 
complexes present in the test milieu. Tubulin extracted 
from BMZ-resistant strains binds with BMZ less strongly 
than that obtained from BMZ-susceptible strains (Lacey 
and Snowdon, 1988). The degree of binding depends on 
the structure of the  specific BMZ. The tubulin-binding 
assay overcomes many of the issues that other in vitro 
assays have because it is based on biochemical changes 
in the parasites. Since it is vigorously standardized, inter-
laboratory comparisons can be done with more certainty 
than other in vitro techniques, and they can be related to 
field conditions. This process is incredibly quick, sensi-
tive, and accurate when sources of parasite material are 
readily available. 

Molecular techniques for AhR detection
Nowadays, a range of novel techniques and tools, 

most of which are molecular, have been added to the 
old parasitological diagnostic approaches, which most-
ly involve microscopy. Even while using conventional 
methods might be laborious and time-consuming, they 
are nonetheless often utilized today. It has been dem-
onstrated that PCR-based procedures are more sensi-
tive and specific than “traditional” diagnostic methods 
that rely on microscopy and/or immunological detection 
(Garcia et al., 2018). Studies on the origin of the BMZ-
resistant alleles in worm populations have been con-
ducted. For instance, it has been discovered that several 
BMZ-resistant alleles exist in various resistant popula-
tions of H. contortus, which can easily be detected by 
RFLP-PCR on the isotype 1 ß-tubulin gene (Kwa et al., 
1993 a). Using the same method on two BMZ-resistant 
populations, it has been also discovered that the BMZ-
resistant alleles were probably already present in two 
H. contortus populations before this class of drugs was 

discovered  (Blouin et al., 1995). The majority of mo-
lecular assays have been directed toward examining 
the molecular basis of BMZ resistance of H. contortus.  
A thymine (T) to adenine (A) transition (TTC-TAC)  is 
the most often reported sign of nematode resistance to 
BMZ in sheep. A single nucleotide polymorphism (SNP) 
in the isotype 1 ß-tubulin gene causes the encoded pro-
tein to have the F200Y substitution (Kwa et al., 1994). 
A phenylalanine was changed into a tyrosine at amino 
acid 200 of the isotype 1 ß-tubulin gene in Teladorsa-
gia circumcincta, Trichostrongylus colubriformis, and H. 
contortus (Elard et al., 1999). The F167Y (TTC to TAC) 
and E198A (GAA to GCA) SNPs are also responsible 
for BMZ resistance but are expected to be less prevalent 
than the F200Y (TTC to TAC) mutation (Chaudhry et al., 
2019).

AhR prevention and control strategies
Chemotherapy
The majority of farms only use anthelmintic treat-

ments to control worms, as opposed to management 
techniques that incorporate integrated strategies. The 
currently available anthelmintics belong to various drug 
classes, such as BMZ, MCL, tetrahydropyrimidines/imi-
dazothiazoles, amino acetonitrile derivatives (AAD) and 
spiroindoles. These anthelmintics are effective against 
a variety of nematode species. In addition, MCL is ef-
fective against a number of arthropod parasites, whilst 
BMZ is also efficacious against some flatworm species 
(Traversa and von Samson-Himmelstjerna, 2016). These 
drugs are used to treat clinical cases as well as in mass 
drug administration (MDA) programs in an endemic area 
or a particular farm. In general, there are two types of 
MDA, namely strategic and tactical MDA. In strategic 
MDA, an anthelmintic is administered in a susceptible 
population or herd in a regular pattern based on a prede-
signed schedule. For example, in the highland in Bangla-
desh, anthelmintics are recommended to be administered 
thrice a year whereas in the low-lying areas four times 
a year. On the other hand, in tactical MDA, anthelmintics 
are administered after a natural disaster such as heavy 
rainfall or flood. However, MDA is criticized and is 
thought to be linked to the development of AhR due to 
the indiscriminate use of anthelmintics since an effective 
anthelmintic vaccine is yet to be developed (Anisuzza-
man and Tsuji, 2020).

Targeted selective treatment (TST) is a method to se-
lect  individual animals for treatment based on specific 
criteria (Hodgkinson et al., 2019). In contrast to MDA, 
only diseased animals are selected in TST. Thus, it low-
ers treatment costs, drug residues in milk and meat, and 
the spread of drug resistant genes. Faffa Malan Chart (FA-
MACHA) system is the first tool used to make deworm-
ing decisions (Edith et al., 2018). In the FAMACHA sys-
tem, operators determine the severity of parasitism based 
on a conjunctival color chart that correlates to anemia 
to select the infected animals for targeted treatment. As 
targeted treatment offers numerous potential advantages, 
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the use of FAMACHA has been a pivotal example  of  
a practical strategy for managing resistance. One ad-
vantage is that it aids in worm removal from the most 
severely infected and affected animals, hence reducing 
production losses in the most infected animals. A targeted 
treatment of a small section of the flock can significantly 
minimize pasture contamination because these animals 
also shed more eggs than other animals. By reducing 
chemical use,  it reduces selection  and maintains refu-
gia which means the proportion of the worm population 
escaping exposure to anthelmintics,  which is the most 
important thing. The level of refugia is now regarded 
by the majority of parasitologists as the single most 
significant factor influencing the selection of parasites 
with anthelmintic resistance. Maximizing parasite kill 
is desired to decrease selection for resistance (Van Wyk, 
2001).

It is necessary to provide some proof that nematode 
infections are fundamentally distinct from infections 
with other types of pathogens (or from cancer) to deny 
the principle of using combination products for treating 
nematode infections. The required therapeutic cover-
age is one exception. The goal of treatment for cancer, 
bacterial, fungal, and viral infections is to completely 
eradicate the pathogen (including tumor cells) in every 
treated  patient. These infections are treated as indi-
vidual cases unlike the population treatment paradigms 
commonly used in anthelmintic treatment procedures 
for ruminants (and sometimes horses). The removal of 
the parasites to the greatest extent possible from severe-
ly infected animals while ensuring that any remaining 
parasites are diluted into a population of susceptible, 
untreated parasites in the local environment known as a 
refugial population is, in fact, a key principle for slow-
ing the emergence of AhR in parasitic nematodes of ru-
minants or horses (Dobson et al., 2001, 2011; Bartram et 
al., 2012). In both MDA and treatment of clinical cases, 
it is better to use a combination of two or more separate 
anthelmintics (e.g., anthelmintics from different chemi-
cal classes with distinct mechanisms of resistance, or 
different mechanisms of action). However, before us-
ing such a combination, it must be ensured that they 
are pharmacologically compatible. It is believed that 
such use of combined anthelmintics will provide effi-
cacy in the presence of AhR to one class of anthelmintic 
and will delay the spread of AhR (Geary et al., 2012; 
Bartram et al., 2012; Abbas et al., 2021). To achieve 
this, full doses of veterinary medical products (VMPs) 
should always be administered. To treat a group of ani-
mals at the volume required for the heaviest animal, us-
ers must follow label instructions, calibrate application 
devices (such as oral drench applicators), and estimate 
animal weights. The three main  routes of  application 
are oral, injectable, and pour-on. According to certain 
reports, using various pour-on anthelmintic chemical 
formulations results in a relative under-dosing and there 
is concern that this will be selected for resistance (OIE, 
2021; Leathwick et al., 2021).

Management factors 
Good management practices  greatly help to control 

parasites. The ground should not be used to feed animals. 
Water should be pure and devoid of feces. The likelihood of 
parasites surviving is decreased in the animal shed by facili-
ties for good drainage. Overstocked pens or pastures should 
be avoided. To avoid the introduction of drug-resistant 
worms, new animals should be kept isolated from the rest 
of the flock for days and aggressively dewormed after being 
bought (Shalaby, 2013; Verma et al., 2018, Martin, 2024). 

Strategic supplementation
Although anthelmintics are crucial for removing hel-

minths from the host, a high-quality, nutrient-rich diet is 
vital for the health and well-being of parasitized animals. It 
is commonly recognized that a healthy diet boosts an ani-
mal’s immunity to diseases (Rios-de Alvarez et al., 2021). 
The majority of clinical helminthiasis occurs in hosts who 
have marginal nutrition. Without sufficient food, none of 
the anthelmintics will increase an animal’s weight gain. 
During the periparturient and rapid growth stage, it is cru-
cial to give animals enough dietary  protein so they can 
tolerate the worm’s burden and become more resistant 
to infection (Coop and Kyriazakis, 2001). Mineral (cop-
per, zinc, iron, cobalt, phosphorus) and vitamin (A, B12, 
E) supplements help the  immune system respond more 
effectively to internal parasites. Surprisingly, the addition 
of molybdenum at a dose of 6–10 mg/day reduces worm 
loads in lambs that were not attributable to the expected 
copper deficiency. Molybdenum contributes to an increase 
in blood eosinophils and jejunal mast cell numbers (Sykes 
and Coop, 2001). Animals must be provided with a diet 
that will fulfil their nutritional needs, and well-nourished 
animals that are fed well are better equipped to resist para-
sitism. Bioactive forages or plants with secondary metabo-
lites are used because these plant metabolites, such as tan-
nins, saponins, lectins, and others can reduce the parasite 
loads of animals (Rios-de Alvarez et al., 2021).

Adequate paddock rotation/rest periods
To prevent the larvae of the preceding group of ani-

mals from infecting the subsequent group, enough time 
between groups of grazing animals must be given. The 
length of a resting period  depends on the weather  and 
season of the year. The third-stage larvae (L3) in the 
grass have a life span of 21 days in tropical climates and 
up to 6 or more months in temperate climates (Rios-de 
Alvarez et al., 2021). Therefore, enough rest periods will 
provide scope to reduce the burden of infection in pas-
ture and eventually minimize the chance of infection in 
definitive hosts.

Avoid overgrazing
The lifecycle of most of the GIN affecting animals 

and birds is direct and follows the feco-oral route. Sus-
ceptible animals and birds get infections through con-
taminated food and water (Anisuzzaman et al., 2023). 
Livestock get infected during grazing on a contaminated 
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pasture. In most cases, the third larval stage (L3) is the 
infective stage, however, in some cases eggs containing 
the second larval stage (L2) (e.g., Ascarids) or infective 
eggs with L3 (e.g., Ascaridia galli) cause infection. In 
contrast L3 of hookworms and Strongyloides spp. infect 
animals by skin penetration (Anisuzzaman and Tsuji, 
2020; Anisuzzaman et al., 2023). Infective larvae (L3) 
are highly motile and positively hydrotrophic but nega-
tively phototrophic. Therefore, they are abundant on the 
upper strata in a pasture during the morning; thus, graz-
ing in the early morning is more likely to get infections. 
According to the GIN’s life cycle, the majority of L3s 
will be found in the lowest part of the forages, close to 
the soil and feces. Animals that overgraze and feed closer 
to the lowest strata, where there is a higher risk of L3 
contamination, easily get infested. To have enough bio-
mass during the grazing season, adjustment of stocking 
rate to paddock size is necessary. Young or weakly im-
mune animals should be grazed in “clean” paddocks or 
pastures that have not previously been grazed by infected 
adult animals (Rios-de Alvarez et al., 2021).

Avoiding manure piles and snail inhabitants
Freshwater snails of the family Lymnaeidae are the 

intermediate hosts of liver flukes, which live in moist, 
swampy regions. There are two ways to terminate the life 
cycle of liver flukes: (i) by preventing contamination of 
snail habitats by animals’ feces containing fluke eggs; (ii) 
by preventing ruminants from ingesting infective stages 
(metacercariae) of flukes (Anisuzzaman et al., 2023). 
Snails release cercariae, the freely swimming stage of 
trematodes that encysted onto the grass near water bodies. 
Both can be accomplished by putting up fences to prevent 
animals from entering these areas; however, if access to 
open water is restricted, water troughs may need to be 
installed. It is better to avoid feeding on aquatic grasses, 
However, if it is essential to harvest green grasses from 
the marshy areas then it is better to cut grasses above 5–6 
inches of the water level. Most of the metacercariae are 
found attached 5–6 inches above or below the water lev-
el. In addition, metacercariae can easily be destroyed by 
preparing silage because heat generated during fermen-
tation readily kills the metacercariae present in grasses. 
On the other hand, metacercariae can survive in hay and 
straw since sunlight is not enough to kill them. In hot, 
dry weather, dragging or harrowing pastures to break up 
manure piles may aid in the desiccation of parasite eggs, 
limiting the number of larvae. Additionally, feces can be 
collected and composted to kill larvae and prevent the 
spread of infection (John et al., 2019, 2020; OIE, 2021).

Vaccines
Vaccines can increase an animal’s protective immunity 

and reduce the load of worms. An anthelmintic, even with 
the highest efficacy, is unable to protect a susceptible indi-
vidual from reinfection. However, an efficacious vaccine 
can prevent an invading pathogen. Therefore, an anthel-
mintic vaccine, a vaccine against helminth, is a sustainable 

choice for controlling parasites when they are available. 
Currently, there are a few approved anthelmintic vaccines, 
but they have limited spectrum (e.g. against H. contortus 
in sheep, lungworm (Dictyocaulus viviparus) in cattle and 
Echinococcus granulosus in ruminants; Springer et al., 
2022; Johnson et al., 2003; Carman et al., 2024; Yang et 
al., 2024). These vaccines typically need to be adminis-
tered multiple times, and even then, they only help with 
control, therefore they must be used in conjunction with 
other parasite management tools (OIE, 2021). Very recent-
ly, a five-year phase IIIa cluster randomized control trial 
was conducted among 18 schistosomiasis-endemic areas 
using the SjCTPI bovine vaccine along with molluscicid-
ing (trial registry: ACTRN12619001048178) by targeting 
Schistosoma japonicum. S. japonicum is a highly zoonotic 
blood fluke, which is endemic in China, the Philippines 
and Indonesia. Buffaloes and cattle are the main reservoirs 
of the parasite for human infection. The combined trial re-
duced 31% of human infection in the study area (Ross et 
al., 2023, Anisuzzaman and Tsuji, 2020)

Some alternative measures for sustainable para-
site control

Nematophagous fungi
The idea of nematode-trapping fungi for  controlling 

helminth populations on pasture has recently been studied 
by researchers (Grønvold et al., 1993; Waller and Larsen, 
1993). Infectious larvae can be prevented from growing 
and migrating for a long time if fungal spores can be giv-
en to sheep in a controlled release device (CRD). Such a 
device was simulated by reducing fecal egg output by the 
percentage of fungus effectiveness for the duration of the 
CRD playout period. For periods of 30, 60, and 90 days, 
efficiencies of 50, 75, 90, and 100% were simulated. With 
an efficiency of at least 75% and a duration of at least 60 
days, worm control was improved over the conventional 
program for fungal CRDs (Barnes et al., 1995).

Use of herbal anthelmintic
Medicinal herbs are a powerful source of many 

pharmacological activities. Many medicinal plants con-
tain compounds having anthelmintic efficacy. Use of 
such medicinal plants has been proven to be efficacious 
against many helminths affecting humans and animals 
(Rajeswari, 2014) (Table 1). 

Parasite-resistant breeds
Some sheep and goat breeds are more resistant to para-

sitism. For example, compared to other hair sheep breeds, 
St. Croix and Katahdin were found to have a stronger re-
sistance to parasitism (Burke and Miller, 2004). Geneti-
cally resistant sheep are associated with increased serum 
levels of IgG1 and IgA (Gill et al., 1993). Likewise, the 
number of IgE-bearing cells may be related to the host’s 
capacity to respond to helminth infection (Pettit et al., 
2005). By grazing resistant breeds with susceptible breeds, 
pastures may be “swept” and susceptible animals’ expo-
sure to contamination is reduced (Verma et al., 2018).
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Copper oxide wire particles (COWP)
Intraluminal  copper particles, commonly known as 

COWP or copper needles, are highly effective in goats. 
These can be given as boluses to adult and young goats 
every three months  (Vatta et al., 2012). According to 
farmer experience, applications of COWP even at six 
months intervals are successful. Only H. contortus and T. 
circumcincta (in some cases) are resistant to COWP. 
It has been demonstrated that COWP can protect ewes 
from Haemonchus infections. However, because sheep 
are prone to chronic copper toxicity, they should only be 
used with caution. They can be used only for sheep that 
are reared on farms, which have low copper content in 
soil (Burke et al., 2005 a, b; Rios-de Alvarez et al., 2021).

Conclusions and future directions
For controlling helminth infection in both animal and 

human populations all over the globe, anthelmintic is the 
main tool but anthelmintics are used arbitrarily which 
leads to the development of AhR. More holistic and sus-
tainable approaches are needed to stop the occurrence 
and spreading of AhR. The processes underlying AhR 

need to be well understood, and a lot of research needs 
to be done. Veterinarians around the world are encour-
aged to routinely monitor anthelmintic efficacy against 
helminths of different types. It is necessary to establish a 
governing body to set anthelmintic standards and guide-
lines for standardizing FECRTs with different kinds of 
helminths, then the findings can be compared with vari-
ous areas of that country. A large-scale dataset should be 
generated about epidemiological patterns of AhR and its 
impact on animal health from different geographical lo-
cations worldwide. In order to effectively combat AhR, 
holistic and sustainable measures are crucial. In addition, 
continued exploration of alternative measures and re-
search is necessary to find newer anthelmintics or dietary 
additives from natural resources.

References

Abbas G., Ghafar A., Hurley J., Bauquier J., Beasley A., Wilkes E.J.A., 
Jacobson C., El-Hage C., Cudmore L., Carrigan P., Tennent-
Brown B., Gauci C.G., Nielsen M.K., Hughes K.J., Beveridge I., 

Table 1. Plants or plant parts with anthelmintic efficacy used in folk veterinary medicine

Name of plant Ingredients Target parasite References

Betel nut (Areca catechu) Arecaidine, arecoline, guvacine, guvacoline Fasciola spp. Chu, 2001;
Yamson et al., 2019

Neem (Azadirachta indica) Nimbolinin, nimbin, nimbidin, nimbidol, 
nimbiol, nimbandiol, nimbolide, sodium 
nimbinate, gedunin, salannin, quercetin, 
nimbanene, 6-desacetylnimbinene, ascorbic 
acid, n-hexacosanol, 7-desacetyl-7-benzoyl 
azadiradione, 7-desacetyl-7-benzoylgedunin, 
17- hydroxyazadiradione

Fasciola spp. Ali, 1993; Hossain et al., 
2011; Kokate et al., 2010; 
Yamson et al., 2019

Garlic (Allium sativum) Quercetin, alliin, allicin, ajoenes, vinyldithi-
ins

Strongyles and Trichostron-
gylus spp.

Beshbishy et al., 2020;
Masamha et al., 2010

Wormwood (Artemisia vulgaris) Sabinene, b-thujone, chrysanthenone, cam-
phor, borneol and germacrene D

Trichinella spiralis Caner et al., 2008

Milkweed
(Calotropis procera)

Calotropin, calotoxin, calactin, uscharin, 
procerain; β-amyrin, lupeol, quercetin-3-ruti-
noside, calotropenyl acetate, β-sitosterol and 
stigmasterol, multiflorenol

H. contortus Cavalcante et al., 2016; 
Iqbal et al., 2005

Papaya (Carica papaya) Benzyl isothiocyanate, alkaloids, carpaine Ascaridia galli, Capillaria 
sp. and Heterakis sp.

Jean, 1999; Nadkami, 1998; 
Dakpogan et al., 2019

Sulla (Heyysarvum coronarium) Kaempferol, rutin, quercetin-7-O-R-L-rham-
nosyl-3-O-glucosylrhamnoside, quercetin-
3-O-R-L-rhamnosyl-7-O-glucoside, 
kaempferol-3-O-β-D-glucoside-dirhamnoside, 
genistein-7-O-β-D-glucosyl-600-O-
malonate, formononetin-7-O-β-D-glucoside-
600-O-malonate, and afrormosin and the 
phenolic acid chlorogenic acid

Haemonchus contortus, Os-
tertagia circumcincta and 
Trichostrongylus colubri-
formis

Tibe et al., 2011; Molan et 
al., 2000

 Chinaberry (Melia azadarach) Kaempferol, sendanin, salannin, nimbinene, 
vanillin acid

Ascaridia galli and Hae-
monchus contortus

Falbo et al., 2008; 
Shekhawat et al., 2014

Fever nut (Caesalpinia crista) Flavonoids, tannins, proteins, alkaloids, car-
bohydrates, reducing sugars, phytosterols, 
saponins, coumarins and triterpenoids

Trichostrongylid spp. Al Snafi, 2015;
Jabbar et al., 2007

Babla (Acacia nilotica) Gallic acid, dicatechin, quercetin, robidan-
diol, β-amyrin, hentriacontane, betulin, si-
tosterol, kaempferol-3 chlorogenic acid, and 
glucoside isoquercetin 

Trichostrongylid spp. Sanchez et al., 2018; 
Bachaya et al., 2009



1425Anthelmintic resistance in livestock

Jabbar A. (2021). Cyathostomin resistance to moxidectin and 
combinations of anthelmintics in Australian horses. Parasit. Vec-
tors, 14: 597. 

Ahuir-Baraja A.E., Cibot F., Llobat L., Garijo M.M. (2021). Anthel-
mintic resistance: is a solution possible? Exp. Parasitol., 230: 
108169. 

Alemu G., Amor A., Nibret E., Munshea A., Anegagrie M. (2024). 
Efficacy and safety of prazequantel for the treatment of Schis-
tosoma mansoni infection across different transmission settings 
in Amhara Regional State, northwest Ethiopia. PloS One, 19(3): 
e0298332. 

Ali A. (1993). Textbook of Pharmacognosy. Publication and Informa-
tion Directorate, New Delhi, India: 384 pp.

Ali M.H., Labony S.S., Hossain M.S., Alam M.M., Khan M.A.H.N.A., 
Alim M.A., Anisuzzaman (2024). Cholelithiasis in a goat associ-
ated with chronic fascioliosis in Bangladesh: A case report and 
review of literatures. Vet. Med. Sci., 10: e1476. 

Anisuzzaman, Tsuji N. (2020). Schistosomiasis and hookworm infec-
tion in humans: Disease burden, pathobiology and anthelmintic 
vaccines. Parasitol. Int., 75: 102051. 

Anisuzzaman, Frahm S., Prodjinotho U.F., Bhattacharjee S., Verschoor 
A., Prazeres da Costa C. (2021). Host-specific serum factors con-
trol the development and survival of Schistosoma mansoni. Front. 
Immunol., 12: 635622. 

Anisuzzaman, Hossain M.S., Hatta T., Labony S.S., Kwofie K.D., 
Kawada H., Tsuji N., Alim, M.A. (2023). Food- and vector-borne 
parasitic zoonoses: Global burden and impacts. Adv. Parasitol., 
120: 87–136. 

Artho R., Schnyder M., Kohler C., Torgerson P.R., Hertzberg H. 
(2007). Avermectin resistance in gastrointestinal nematodes of 
Boer goat and Dorper sheep in Switzerland. Vet. Parasitol., 144: 
68–73. 

Bachaya H.A., Iqbal Z., Khan M.N., Sindhu Z.U., Jabbar A. (2009). 
Anthelmintic activity of Ziziphusnum mularia (bark) and Acacia 
nilotica (fruit) against trichostrongylid nematodes of sheep. J. 
Ethnopharmacol., 123: 325–329. 

Barnes E.H., Dobson R.J., Barger I.A. (1995). Worm control and an-
thelmintic resistance: adventures with a model. Parasitol. Today, 
11: 56–63. 

Bartram D.J., Leathwick D.M., Taylor M.A., Geurden T., Maeder S.J. 
(2012). The role of combination anthelmintic formulations in 
the sustainable control of sheep nematodes. Vet. Parasitol., 186: 
151–158. 

Beech R.N., Prichard R.K., Scott M.E. (1994). Genetic variability of 
the β-tubulin genes in benzimidazole susceptible and resistant 
strains in Haemonchus contortus. Genetics, 138: 103–110.

Beshbishy A., Wasef L., Elewa Y., Al-Sagan A., Abd El-Hack M., Taha 
A., Abd-Elhakim Y. (2020). Chemical constituents and pharmaco-
logical activities of garlic (Allium sativum L.): a review. Nutrients, 
12: 872. 

Blouin M.S., Yowell C.A, Courtney C.H., Dame J.B. (1995). Host 
movement and the genetic structure of populations of parasitic 
nematodes. Genetics, 141: 1007–1014.

Burke J.M., Miller J.E. (2004). Relative resistance to gastrointestinal 
nematode parasites in Dorper, Katahdin, and St. Croix lambs un-
der conditions encountered in the southeastern region of the Unit-
ed States. Small Rumin. Res., 54: 43–51. 

Burke J.M., Miller J.E., Brauer D.K. (2005 a). The effectiveness of 
copper oxide wire particles as an anthelmintic in pregnant ewes 
and safety of offspring. Vet. Parasitol., 131: 291–297.

Burke J.M., Miller J.E., Larsen M., Terill T.H. (2005 b). Interaction 
between copper oxide wire particles and Duddingtonia flagrans in 
lambs. Vet. Parasitol., 134: 141–146.

Cala A.C., Chagas A.C.S., Oliveira M.C.S., Matos A.P., Borges 
L.M.F., Sousa L.A.D. Oliveira G.P. (2012). In vitro anthelmintic 
effect of Melia azedarach L. and Trichilia claussenii C. against 
sheep gastrointestinal nematodes. Exp. Parasitol., 130: 98–102

Calvete C., Uriarte J. (2013). Improving the detection of anthelmintic 
resistance: Evaluation of faecal egg count reduction test proce-
dures suitable for farm routines. Vet. Parasitol., 196: 438–452.

Calvete C., Ferrer L.M., Lacasta D., Calavia R., Ramos J.J., Ruiz-de-
Arkaute M., Uriarte J. (2014). Variability of the egg hatch assay to 

survey benzimidazole resistance in nematodes of small ruminants 
under field conditions. Vet. Parasitol., 203: 102–113. 

Caner A., Döşkaya M., Değirmenci A., Can H., Baykan S., Uner A., 
Başdemir G., Zeybek U., Gürüz Y. (2008). Comparison of the 
effects of Artemisia vulgaris and Artemisia absinthium growing 
in western Anatolia against trichinellosis (Trichinella spiralis) in 
rats. Exp. Parasitol., 119: 173–179. 

Carman M.K., Lakritz J., Cheng T.Y., Niehaus A.J., Lozier J.W., Marsh 
A.E. (2024). Efficacy of a Haemonchus contortus vaccine under 
field conditions in young alpacas. Vet. Parasitol., 331: 110242. 

Cavalcante G.S., de Morais S.M., Andre W.P.P., Ribeiro W.L.C., Ro-
drigues A.L.M., De Lira F.C.M.L., Viana J.M., Bevilaqua C.M.L. 
(2016). Chemical composition and in vitro activity of Calotropis 
procera (Ait.) latex on Haemonchus contortus. Vet. Parasitol., 
226: 22–25. 

Charlier J., Van der Voort M., Kenyon F., Skuce P.J., Vercruysse J. 
(2014). Chasing helminths and their economic impact on farmed 
ruminants. Trends Parasitol., 30: 361–367.

Charlier J., Bartley D.J., Sotiraki S., Martinez-Valladares M., Claere-
bout E., von Samson-Himmelstjerna G., Thamsborg S.M., Hoste 
H., Morgan E.R., Rinaldi L. (2022). Anthelmintic resistance in ru-
minants: challenges and solutions. Adv. Parasitol., 115: 171–227. 

Chaudhry U., Redman E.M., Kaplan R., Yazwinski T., Sargison N., 
Gilleard J.S. (2019). Evidence for the F200Y (TAC) mutation con-
ferring benzimidazole resistance in a southern USA cattle popula-
tion of Haemonchus placei spreading from a single emergence. 
bioRxiv. https://europepmc.org/article/ppr/ppr73867

Chu N.S. (2001). Effects of betel chewing on the central and auto-
nomic nervous systems. J. Biomed. Sci., 8: 229–236.

Coeli R., Baba E.H., Araujo N., Coelho P.M., Oliveira G. (2013). 
Praziquantel treatment decreases Schistosoma mansoni genetic 
diversity in experimental infections. PLoS Negl. Trop. Dis., 7:  
e2596.

Coles G.C. (2002). Sustainable use of anthelmintics in grazing ani-
mals. Vet. Record, 151: 165–169.

Coles G.C. (2005). Anthelmintic resistance – looking to the future:  
a UK perspective. Res. Vet. Sci., 78: 99–108.

Coles G.C., Bauer C., Borgsteede F.H., Geerts S., Klei T.R., Taylor 
M.A., Waller P. (1992). World Animal Feed Association for the 
Advancement of Veterinary Parasitology (WAAVP) methods for 
the detection of anthelmintic resistance in nematodes of veterinary 
importance. Vet. Parasitol., 44: 35–44.

Coop R., Kyriazakis I. (2001). Influence of host nutrition on the devel-
opment and consequences of nematode parasitism in ruminants. 
Trends Parasitol., 17: 325–330.

Cooper L.G., Benard B.P., Nielsen M.K., Caffe G., Arroyo F., Anziani 
O.S. (2024). First report of ivermectin resistance in cyathostomins 
(small strongyles) of horses in Argentina.  Vet. Parasitol. Reg. 
Stud. Rep., 52: 101046. 

Cully D.F., Paress P.S. (1991). Solubilization and characterization of a 
high affinity ivermectin binding site from Caenorhabditis elegans. 
Mol. Pharmacol., 40: 326–333.

d’Assonville J.A., Janovsky E., Verster A. (1996). In vitro screening 
of Haemonchus contortus third stage larvae for ivermectin resis-
tance. Vet. Parasitol., 61: 73–80.

Dent J.A., Smith M.M., Vassilatis D.K., Avery L. (2000). The genet-
ics of ivermectin resistance in Caenorhabditis elegans. Proc. Natl. 
Acad. Sci. USA, 97: 2674–2679.

Dey A.R., Begum N., Anisuzzaman, Alim M.A., Alam M.Z. (2020). 
Multiple anthelmintic resistance in gastrointestinal nematodes of 
small ruminants in Bangladesh. Parasitol. Int., 77: 102105. 

Dey A.R., Begum N., Anisuzzaman, Islam M.T., Alam M.Z. (2022).  
A large-scale epidemiological investigation on trematode infections 
in small ruminants in Bangladesh. Vet. Med. Sci., 8: 1219–1228.

Dobson R.J., Besier R.B., Barnes E.H., Love S.C.J., Vizard A., Bell K., 
Le Jambre L.F. (2001). Principles of use of macrocyclic lactones 
to minimise selection for resistance. Aust. Vet. J., 79: 756–761.

Dobson R.J., Barnes E.H., Tyrrell K.L., Hosking B.C., Larsen J.W.A., 
Besier R.B., Love S., Rolfe P.F., Bailey J.N. (2011). A multi-spe-
cies model to assess the impact of refugia on worm control and 
anthelmintic resistance in sheep grazing systems. Aust. Vet. J., 89: 
200–208.



1426 A. Pramanik et al.

Domke A.V., Chartier C., Gjerde B., Hoglund J., Leine N., Vatn S. 
Stuen S. (2012). Prevalence of anthelmintic resistance in gastroin-
testinal nematodes of sheep and goats in Norway. Parasitol. Res., 
111: 185–193.

Drudge J.H., Szanto J., Wyant Z.N., Elam G. (1964). Field studies on 
parasitic control in sheep: Comparison of thiabendazole, ruelene, 
and phenothiazine. Am. J. Vet. Res., 25: 1512–1518.

Edith R., Harikrishnan T., Balagangatharathilagar M. (2018). Targeted 
selective treatment (TST): A promising approach to combat an-
thelmintic resistance in farm animals. J. Entomol. Zool. Stud., 6: 
844–847.

Elard L., Cabaret J., Humbert J.F. (1999). PCR diagnosis of benzimid-
azole-susceptibility or –resistance in natural populations of the 
small ruminant parasite, Teladorsagia circumcincta. Vet. Parasi-
tol., 80: 231–237.

Fairweather I., McShane D.D., Shaw L., Ellison S.E., O’Hagan N.T., 
York E.A., Trudgett A., Brennan G.P. (2012). Development of  
an egg hatch assay for the diagnosis of triclabendazole resis-
tance in Fasciola hepatica: proof of concept. Vet. Parasitol., 183:  
249–259. 

Falbo M.K., Sandini I.E., Ishiy H.M., Favaro J.L., Santos E.C. dos, 
Bastos S., Rodigheri D., Guzzo D. (2008). Anthelmintic activity 
of Melia azedarach fruit in lambs naturally infected with gastroin-
testinal nematodes. Semina: Agrarian Sci., 29: 881–886. 

Feng D.M., Yates X.P. (2003). The avermectin receptors of Haemon-
chus contortus and Caenorhabditis elegans. Int. J. Parasitol., 33: 
1183–1193. 

Fissiha W., Kinde M.Z. (2021). Anthelmintic resistance and its mecha-
nism: a review. Infect. Drug Resist., 14: 5403–5410. 

Fortes F.S., Kloster F.S., Schafer A.S., Bier D., Buzatti A., Yoshitani 
U.Y., Molento M.B. (2013). Evaluation of resistance in a selected 
field strain of Haemonchus contortus to ivermectin and moxidec-
tin using the larval migration on agar test. Pesq. Vete. Bras., 33: 
183–187.

Frahm S., Anisuzzaman A., Prodjinotho U.F., Vejzagić N., Verschoor 
A., Prazeres da Costa C. (2019). A novel cell-free method to cul-
ture Schistosoma mansoni from cercariae to juvenile worm stages 
for in vitro drug testing. PLoS Negl. Trop. Dis., 13: e0006590. 

Gabriel S., Phiri I.K., Dorny P., Vercruysse J. (2001). A survey on an-
thelmintic resistance in nematode parasites of sheep in Lusaka, 
Zambia. Onderstepoort J. Vet. Res., 68: 271–274.

Garcia L.S., Arrowood M., Kokoskin E., Paltridge G.P., Pillai D.R., 
Procop G.W., Ryan N., Shimizu R.Y., Visvesvara G. (2018). Labo-
ratory diagnosis of parasites from the gastrointestinal tract. Clin. 
Microbiol. Rev., 31: e00025–17. 

Geary T.G., Nulf S.C., Favreau M.A., Tang L., Prichard R.K., Hat-
zenbuhler N.T., Shea M.H., Alexander S.J., Klein R.D. (1992). 
Three β-tubulin cDNAs from the parasitic nematode Haemonchus 
contortus. Mol. Biochem. Parasitol., 50: 295–306.

Geary T.G., Hosking B.C., Skuce P.J., von Samson-Himmelstjerna 
G., Maeder S., Holdsworth P., Pomroy W., Vercruysse J. (2012). 
World Association for the Advancement of Veterinary Parasitol-
ogy (WAAVP) Guideline: Anthelmintic combination products 
targeting nematode infections of ruminants and horses. Vet. Para-
sitol., 190: 306–316. 

Geerts S., Coles G.C., Gryseels B. (1997). Anthelmintic resistance in 
human helminths: learning from the problems with worm control 
in livestock. Parasitol. Today, 13: 149–151.

George M.M., Paras K.L., Howell S.B., Kaplan R.M. (2017). Utili-
zation of composite fecal samples for detection of anthelmintic 
resistance in gastrointestinal nematodes of cattle. Vet. Parasitol., 
240: 24–29.

Geurden T., Betsch J.M., Maillard K., Vanimisetti B., D’Espois M., 
Besognet B. (2013). Determination of anthelmintic efficacy 
against equine cyathostomins and Parascaris equorum in France. 
Equine Vet. Educ., 25: 304–307.

Geurden T., Chartier C., Fanke J., di Regalbono A.F., Traversa D., von 
Samson-Himmelstjerna G., Demeler J., Vanimisetti H.B., Bartram 
D.J., Denwood M.J. (2015). Anthelmintic resistance to ivermectin 
and moxidectin in gastrointestinal nematodes of cattle in Europe. 
Int. J. Parasitol. Drugs Drug Resist., 5: 163–171.

Gill H.S., Gray G.D., Watson D.L., Husband A.J. (1993). Isotype-spe-

cific antibody responses to Haemonchus contortus in genetically 
resistant sheep. Parasite Immunol., 15: 61–7.

Gordon H.M. (1950). Some aspects of parasitic gastroenteritis. Aust. 
Vet. J., 26: 65–72.

Grisi L., Leite C.R., Martins J.R.S., Barros A.T.M., Andreotti R., Can-
çado P.H.D., de León A.A.P., Pereira J.B., Villela H.S. (2014). Re-
assessment of the potential economic impact of cattle parasites in 
Brazil. Rev. Bras. Parasitol. Vet., 23: 150–156. 

Grønvold J., Wolstrup J., Nansen P., Henriksen S.A. (1993). Nema-
tode-trapping fungi against parasitic cattle nematodes. Parasitol. 
Today, 9: 137–140.

Gryseels B., Mbaye A., De Vlas S.J., Stelma F.F., Guissé F., Van 
Lieshout L., Faye D., Diop M., Ly A., Tchuem-Tchuenté L.A., 
Engels D., Polman K. (2001). Are poor responses to praziquantel 
for the treatment of Schistosoma mansoni infections in Senegal 
due to resistance? An overview of the evidence. Trop. Med. Int. 
Health, 6: 864–873.

Guenette S., Prichard R.K., Klein R.D., Matlashewski G. (1991). 
Characterization of a β-tubulin gene and β-tubulin gene products 
of Brugia pahangi. Mol. Biochem. Parasitol., 44: 153–164.

Guenette S., Prichard R.K., Matlashewski G. (1992). Identification of 
a novel Brugiapahangi β-tubulin gene (f12) and a 22-nucleotide 
spliced leader sequence on β-tubulin mRNA. Mol. Biochem. Para-
sitol., 50: 275–284.

Hall M.C., Foster W.D. (1918). Efficacy of some anthelmintics. J. Ag-
ric. Res., 12: 397–447.

Hasan M.M., Roy B.C., Biswas H., Rahman M., Anisuzzaman A., 
Alam M.Z., Talukder M.H. (2022). Efficacy of flukicides on Fas-
ciola gigantica, a food-borne zoonotic helminth affecting live-
stock in Bangladesh. Parasitology, 149: 1339–1348. 

Hassan N.M.F., Ghazy A.A. (2022). Advances in diagnosis and control 
of anthelmintic resistant gastrointestinal helminths infecting rumi-
nants. J. Parasit. Dis., 46: 901–915. 

Hodgkinson J.E., Kaplan R.M., Kenyon F., Morgan E.R., Park A.W., 
Paterson S., Babayan S.A., Beesley N.J., Britton C., Chaudhry 
U., Doyle S.R., Ezenwa V.O., Fenton A., Howell S.B., Laing R., 
Mable B.K., Matthews L., McIntyre J., Milne C. E., Devaney E. 
(2019). Refugia and anthelmintic resistance: Concepts and chal-
lenges. Int. J. Parasitol. Drugs Drug Res., 10: 51–57. 

Hoekstra P.T., Casacuberta-Partal M., van Lieshout L., Corstjens 
P.L.A.M., Tsonaka R., Assaré R.K., Silué K.D., Meité A., N’Goran 
E.K., N’Gbesso Y.K., Amoah A.S., Roestenberg M., Knopp S., 
Utzinger J., Coulibaly J.T., van Dam G.J. (2020). Efficacy of sin-
gle versus four repeated doses of praziquantel against Schistoso-
ma mansoni infection in school-aged children from Côte d’Ivoire 
based on Kato-Katz and POC-CCA: An open-label, randomised 
controlled trial (RePST). PLoS Negl. Trop. Dis., 14: e0008189. 

Hoekstra P.T., Casacuberta-Partal M., van Lieshout L., Corstjens 
P.L.A.M., Tsonaka R., Assaré R.K., Silué K.D., N’Goran E.K., 
N’Gbesso Y.K., Brienen E.A.T., Roestenberg M., Knopp S., Ut-
zinger J., Coulibaly J.T., van Dam G.J. (2022). Limited efficacy 
of repeated praziquantel treatment in Schistosoma mansoni infec-
tions as revealed by highly accurate diagnostics, PCR and UCP-
LF CAA (RePST trial). PLoS Negl. Trop. Dis., 16: e0011008. 

Hossain M.A., Shah M.D., Sakari M. (2011). Gas chromatogra-
phy–mass spectrometry analysis of various organic extracts of 
Merremia borneensis from Sabah. Asian Pac. J. Trop. Med., 4:  
637–641. 

Hotez P.J., Brindley P.J., Bethony J.M., King C.H., Pearce E.J., Jacob-
son J. (2008). Helminth infections: the great neglected tropical 
diseases. J. Clin. Invest., 118: 1311–1321.

Hubert J., Kerbouf D.A. (1992). Microlarval development essay for 
the detection of anthelmintic resistance in sheep nematode. Vet. 
Rec., 130: 442–446.

Ikeda T. (2003). Pharmacological effects of ivermectin, an antipara-
sitic agent for intestinal strongyloidiasis: its mode of action and 
clinical efficacy. Nihon Yakurigaku Zasshi., 122: 527–538. 

Iqbal Z., Lateef M., Jabbar A., Muhammad G., Khan M.N. (2005). 
Anthelmintic activity of Calotropis procera (Ait.) Ait. F. flowers 
in sheep. J. Ethnopharmacol., 102: 256–261. 

Jabbar A., Zaman M.A., Iqbal Z., Yaseen M., Shamim A. (2007). An-
thelmintic activity of Chenopodium album (L) and Caesalpinia 



1427Anthelmintic resistance in livestock

crista (L) against trichostrongylid nematodes of sheep. J. Ethno-
pharmacol., 114: 86–91.

Jackson R., Rhodes A.P., Pomroy W.E., Leathwick D.M. (2006). An-
thelmintic resistance and management of nematode parasites on 
beef cattle-rearing farms in the North Island of New Zealand. N. 
Zeal. Vet. J., 54: 289–296.

Jean B. (1999). Carica papaya. In: Pharmacognosy, phytochemistry of 
medicinal plants. 2nd ed. France: Lavoisier, pp. 221–223.

Johansen M.V. (1989). An evaluation of techniques used for the detec-
tion of anthelmintic resistance in nematode parasites of domestic 
livestock. Vet. Res. Commun., 13: 455–466. 

John B.C., Davies D.R., Williams D.J.L., Hodgkinson J.E. (2019). 
A review of our current understanding of parasite survival in 
silage and stored forages, with a focus on  Fasciola hepati-
ca metacercariae. Grass Forage Sci., 74: 211–217. 

John B.C., Davies D.R., Howell A.K., Williams D.J.L., Hodgkinson 
J.E. (2020). Anaerobic fermentation results in loss of viability 
of Fasciola hepatica metacercariae in grass silage.  Vet. Parasi-
tol., 285: 109218. 

Johnson C.D. (1993). Structural and functional congruities between 
the nematode Caenorhabditis elegans and parasitic nematodes. J. 
Cell Biochem. Suppl., 17C: 103.

Johnson M., Labes R.E., Taylor M.J., Mackintosh C.G. (2003). Ef-
ficacy trial of an irradiated cattle lungworm vaccine in red deer 
(Cervus elaphus). Vet. Parasitol., 117: 131–137. 

Kaplan R.M. (2004). Drug resistance in nematodes of veterinary im-
portance: a status report. Trends Parasitol., 20: 477–481.

Kaplan R.M., Denwood M.J., Nielsen M.K., Thamsborg S.M., Torg-
erson P.R., Gilleard J.S., Dobson R.J., Vercruysse J., Levecke B. 
(2023). World Association for the Advancement of Veterinary 
Parasitology (WAAVP) guideline for diagnosing anthelmintic re-
sistance using the faecal egg count reduction test in ruminants, 
horses and swine. Vet. Parasitol., 318: 109936. 

Kohler P. (2001). Invited review the biochemical bases of anthelmintic 
action and resistance. Int. J. Parasitol., 31: 336–345. 

Kokate C., Purohit A.P., Gokhale S.B. (2010). Pharmacognosy. Maha-
rashtra, India: Nirali Prakashan.

Kotze A.C., Prichard R.K. (2016). Anthelmintic resistance in Haemon-
chus contortus: History, mechanisms and diagnosis. Adv. Parasi-
tol., 93: 397–428. 

Krücken J.,  Ehnert P.,  Fiedler S.,  Horn F.,  Helm C.S.,  Ramünke 
S., Bartmann T., Kahl A., Neubert A., Weiher W., Daher R., Terh-
alle W., Klabunde-Negatsch A., Steuber S., von Samson-Himmel-
stjerna G. (2024). Faecal egg count reduction tests and nemabi-
ome analysis reveal high frequency of multi-resistant parasites on 
sheep farms in north-east Germany involving multiple strongyle 
parasite species. Int. J. Parasitol. Drugs Drug Res., 25: 100547.

Kwa M.S., Veenstra J.G., Roos M.H. (1993 a). Molecular characteriza-
tion of β-tubulin genes present in benzimidazole-resistant popu-
lations of Haemonchus contortus. Mol. Biochem. Parasitol., 60: 
133–144.

Kwa M.S.G., Kooyman F.N.J., Boersema J.H., Roos M.H. (1993 b). 
Effect of selection for benzimidazole resistance in Haemonchus 
contortus on β-tubulin isotype l and isotype 2 genes. Biochem. 
Biophys. Res. Commun., 191: 413–419.

Kwa M.S.G., Veenstra J.G., Roos M.H. (1994). Benzimidazole resis-
tance in Haemonchus contortus is correlated with a conserved 
mutation at amino acid 200 in β-tubulin isotype 1. Mol. Biochem. 
Parasitol., 63: 299–303. 

Labony S.S., Hossain M.S., Hatta T., Dey A.R., Mohanta U.K., Is-
lam A., Shahiduzzaman M., Hasan M.M., Alim M.A., Tsuji N.  
(2022 a). Mammalian and avian larval schistosomatids in Ban-
gladesh: molecular characterization, epidemiology, molluscan 
vectors, and occurrence of human cercarial dermatitis.  Patho-
gens, 11: 1213. 

Labony S.S., Paul S., Alim M.A., Hossain M.S., Inoue T., Ritu S.N., 
Alam M.Z., Alam M., Kawada H., Hasan M.M., Hatta T., Tsuji N., 
Anisuzzaman (2022 b). Research note: Genetic analysis, pathol-
ogy, and vectors of echinostomiasis, a zoonotic helminth infection 
in chickens in Bangladesh. Poult. Sci., 101: 101682. 

Lacey E., Snowdon K.L. (1988). A routine diagnostic assay for de-
tection of benzimidazole resistance in parasitic nematodes  

using tritiated benzimidazole carbamates. Vet. Parasitol., 27:  
309–324.

Le Jambre L.F. (1976). Egg hatch as an in vitro assay of thiabendazole 
resistance in nematodes. Vet. Parasitol., 2: 385–391.

Leathwick D.M., Mason P.C., Fraser K., Miller C.M., Green P. (2021). 
Route of administration affects the efficacy of moxidectin against 
Ostertagiinae nematodes in farmed red deer (Cervus elaphus). Vet. 
Parasitol., 298: 109525. 

Lejeune M., Mann S., White H., Maguire D., Hazard J., Young R., 
Stone C., Antczak D., Bowman D. (2023). Evaluation of fecal 
egg count tests for effective control of equine intestinal stron-
gyles. Pathogens (Basel, Switzerland), 12: 1283. 

Lewis J.A., Wu C.H., Berg H., Levine J.H. (1980). The genetics of 
levamisole resistance in the nematode Caenorhabditis elegans. 
Genetics, 95: 905–928. 

Lifschitz A., Suarez V.H., Sallovitz J., Cristel S.L., Imperiale F., 
Ahoussou S., Schiavi C., Lanusse C. (2010). Cattle nematodes 
resistant to macrocyclic lactones: comparative effects of P-gly-
coprotein modulation on the efficacy and disposition kinetics of 
ivermectin and moxidectin. Exp. Parasitol., 125: 172–178.

Lubega G.W., Prichard R.K. (1991). β-tubulin and benzimidazole re-
sistance in the sheep nematode Haemonchus contortus. Mol. Bio-
chem. Parasitol., 47: 129–138.

Martin G.B. (2024). Perspective: science and the future of livestock 
industries. Front. Vet. Sci., 11: 1359247. 

Masamha B., Gadzirayi C.T., Mukutirwa I. (2010). Efficacy of Allium 
sativum (garlic) in controlling nematode parasites in sheep. Int. J. 
Appl. Res. Vet. Med., 8: 161–169. 

Molan A.L., Alexander R., Brookes I.M., McNabb W.C. (2000). Ef-
fects of an extract from sulla (Hedysarum coronarium) containing 
condensed tannins on the migration of three sheep gastrointestinal 
nematodes in vitro. Proc. N. Z. Soc. Anim. Prod., 60: 21–25.

Mukaratirwa S., Charakupa R., Hove T.A. (1997). Survey of anthel-
mintic resistance on ten sheep farms in Mashonaland East Prov-
ince, Zimbabwe. J. S. Afr. Vet. Assoc., 68: 140–143.

Mukherjee A., Kar I., Patra A.K. (2023). Understanding anthelmintic 
resistance in livestock using “omics” approaches. Environ. Sci. 
Pollut. Res. Int., 60: 125439–125463.

Mwamachi D.M., Audho J.O., Thorpe W., Baker R.L. (1995). Evi-
dence for multiple anthelmintic resistance in sheep and goats 
reared under the same management in coastal Kenya. Vet. Para-
sitol., 60: 303–313.

Nadkami A.K. (1998). Indian materia medica. Popular Prakashan, 
Bombay, India.

Nega D., Seyum Z. (2017). A review on anthelmintic resistance and 
potential risk factors in domestic ruminants. Acta Parasitol. Glob., 
8: 58–67. 

Nielsen M.K. (2022). Anthelmintic resistance in equine nematodes: 
Current status and emerging trends. Int. J. Parasitol. Drugs Drug 
Resist., 20: 76–88. 

Nipane S.F., Mishra B., Panchbuddhe A.N. (2008). Anthelmintic resis-
tance – clinician’s present concern. Vet. World, 1: 281–284.

OIE (2021). Responsible and prudent use of anthelmintic chemicals to 
help control anthelmintic resistance in grazing livestock species. 
https://www.woah.org/app/uploads/2021/12/oie-anthelmintics-
prudent-and-responsible-use-final-v4-web-opt.pdf 

Parvin S., Dey A.R., Rony S.A., Akter S., Anisuzzaman, Talukder 
M.H., Alam M.Z. (2022). Frequency of benzimidazole resistance 
in Haemonchus contortus populations isolated from sheep and 
goats in Bangladesh. Ann. Parasitol., 68: 563–568.

Parvin S., Dey A.R., Shohana N.N., Anisuzzaman M., Rony S.A., 
Akter S., Talukder M.H., Alam M.Z.  (2023). Ex-vivo  efficacy 
of commercially available anthelmintics against blood feeding 
stomach worm  Haemonchus contortus  of ruminants. J. Parasit. 
Dis., 47: 250–256. 

Petersen M.B., Friis C., Bjorn H. (1997). A new in vitro assay for the 
quantification of benzimidazole activity against adult Oesopha-
gostomum dentatum. Int. J. Parasitol., 27: 1333–1339.

Petersen M.B., Craven J., Bjorn H., Nansen P. (2000). Use of a mi-
gration assay for the separation of adult pyrantel-susceptible and  
resistant Oesophagostomum dentatum. Vet. Parasitol., 91:  
141–145.



1428 A. Pramanik et al.

Pettit J.J., Jackson F., Rocchi M., Huntley J.F. (2005). The relation-
ship between responsiveness against gastrointestinal nematodes 
in lambs and the numbers of circulating IgE bearing cells. Vet. 
Parasitol., 134: 131–139.

Prichard R. (1994). Anthelmintic resistance. Vet. Parasitol., 54: 259–
268. 

Prichard R.K., Hall C.A., Kelly J.D., Martins I.C.A., Donald A.D. 
(1980). The problem of anthelmintic resistance in nematodes. 
Aust. Vet. J., 56: 239–251. 

Prichard R.K., Lubega G., Nare B., Georges E., Beech R., Scott M., 
Matlashewski G., Klein R., Geary T. (1993). Molecular pharma-
cology of nematode β-tubulin. J. Cell Biochem. Suppl., 17C: 102.

Rajeswari V.D. (2014). Anthelmintic activity of plants: A review. Res. 
J. Phytochem., 8: 57–63. 

Renganathan E., Cioli D. (1998). An international initiative on pra-
ziquantel use. Parasitol. Today, 14: 390–391.

Rinaldi G., Loukas A., Brindley P.J., Irelan J.T., Smout M.J. (2015). 
Viability of developmental stages of Schistosoma mansoni quanti-
fied with xCELLigence worm real-time motility assay (xWORM). 
Int. J. Parasitol. Drugs Drug Resist., 5: 141–148. 

Rios-de Alvarez L., Lemus R.W., Jousan F.D., Torres-acosta F. (2021). 
Sustainable Parasite Control for Sheep and Goats. https://www.
researchgate.net/publication/355855865_Sustainable_Parasite_
Control_for_Sheep_and_Goats.

Ritu S.N., Labony S.S., Hossain M.S., Ali M.H., Hasan M.M., Na-
dia N., Shirin A., Islam A., Shohana N.N., Alam M.M., Dey A.R., 
Alim M.A., Anisuzzaman (2024). Ascaridia galli, a common 
nematode in semiscavenging indigenous chickens in Bangladesh: 
epidemiology, genetic diversity, pathobiology, ex vivo culture, and 
anthelmintic efficacy. Poult. Sci., 103: 103405. 

Robles-Pérez D., Martínez-Pérez J.M., Rojo-Vázquez F.A., Martínez-
Valladares M. (2014). Development of an egg hatch assay for the 
detection of anthelmintic resistance to albendazole in Fasciola he-
patica isolated from sheep. Vet. Parasitol., 203: 217–221. 

Roeber F., Jex A.R., Gasser R.B. (2013). Impact of gastrointestinal 
parasitic nematodes of sheep, and the role of advanced molecular 
tools for exploring epidemiology and drug resistance: An Austra-
lian perspective. Parasit. Vectors, 6: 153.

Rohrer S.P., Meinke P.T., Hayes E.C., Mrozik H., Schaeffer J.M. 
(1992). Photoaffinity labeling of avermectin binding sites from 
Caenorhabditis elegans and Drosophila melanogaster. Proc. Natl. 
Acad. Sci., 89: 4168–4172.

Roos M.H., Boersema J.H., Borgsteed F.H.M., Cornelissen, J., Taylor 
M. Ruitenberg, E.J. (1990). Molecular analysis of selection for 
benzimidazole resistance in the sheep parasite Haemonchus con-
tortus. Mol. Biochem. Parasitol., 43: 77–88.

Ross A.G., Harn D.A., Chy D., Inobaya M., Guevarra J.R., Shollen-
berger L., Li Y., McManus D.P., Gray D.J., Williams G.M. (2023). 
First bovine vaccine to prevent human schistosomiasis – a cluster 
randomised Phase 3 clinical trial. Int. J. Infect. Dis., 129: 110–117. 

Saes I.D.L., Vera J.H.S., Fachiolli D.F., Yamada P.H., Dellaqua J.V.T., 
Saes R.D.L., Amarante A.F.T., Soutello R.V.G. (2016). Time re-
quired by different anthelmintics to reach expected efficacy levels 
in horses infected by strongyles. Vet. Parasitol., 229: 90–92.

Sanchez C., Nigen M., Tamayo V.M., Doco T., Williams P., Amine 
C., Renard D. (2018). Acacia gum: History of the future. Food 
Hydrocoll., 78: 140–160. 

Sangster N.C. (1998). binding of [h-3] m-amino levamisole to recep-
tors in levamisole-susceptible and -resistant Haemonchus contor-
tus. Int. J. Parasitol., 28: 707–717.

Sangster N.C., Dobson R.J. (2002). Anthelmintic resistance. In: The 
Biology of Nematodes, Lee D.L. (ed.). London: Taylor & Francis, 
pp. 531–567.

Sarai R.S., Kopp S.R., Coleman G.T., Kotze A.C. (2014). Drug-efflux 
and target-site gene expression patterns in Haemonchus contortus 
larvae able to survive increasing concentrations of levamisole in 
vitro. Int. J. Parasitol. Drugs Drug Resist., 4: 77–84. 

Shalaby H.A. (2013). Anthelmintics resistance; How to overcome 
it? Iran. J. Parasitol., 8: 18–32.

Shekhawat K.K., Rao D.V., Batra A. (2014). Phyto-morphological 

overview of medicinal plant: Melia azedarach Linn. J. Fun. En-
viron. Bot., 4: 10. 

Shohana N.N., Rony S.A., Ali M.H., Hossain M.S., Labony S.S., Dey 
A.R., Farjana T., Alam M.Z., Alim M.A., Anisuzzaman. (2023). 
Ascaridia galli infection in chicken: Pathobiology and immuno-
logical orchestra. Immun. Inflamm. Dis., 11: e1001. 

Springer A., von Holtum C., von Samson-Himmelstjerna G., Strube C. 
(2022). Immunization trials with recombinant major sperm pro-
tein of the bovine lungworm Dictyocaulus viviparus. Pathogens 
(Basel, Switzerland), 11: 55. 

Sykes A.R., Coop R.L. (2001). Interaction between nutrition and gas-
trointestinal parasitism in sheep. New Zealand Vet. J., 49: 222–
226. 

Taylor M.A. (1990). A larval development test for the detection of an-
thelmintic resistance in nematodes of sheep. Res. Vet. Sci., 49: 
198–202.

Tibe O., Meagher L.P., Fraser K., Harding D.R.K. (2011). Condensed 
tannins and flavonoids from the forage legume sulla (Hedysarum 
coronarium). J. Agric. Food Chem., 59: 9402–9409. 

Traversa D., Von Samson-Himmelstjerna G. (2016). Anthelmintic 
resistance in sheep gastrointestinal strongyles in Europe. Small 
Rumin. Res., 135: 75–80.

Van Dijk J., Sargison N.D., Kenyon F., Skuce P.J. (2010). Climate 
change and infectious disease: Helminthological challenges to 
farmed ruminants in temperate areas. Animal, 4: 377–392.

Van Wyk J.A. (2001). Refugia – overlooked as perhaps the most po-
tent factor concerning the development of anthelmintic resistance. 
Onderstepoort J. Vet. Res., 68: 55.

Vatta A.F., Lindberg A.L.E. (2006). Managing anthelmintic resistance 
in small ruminant livestock of resource-poor farmers in South Af-
rica. J. S. Afr. Vet. Med. Assoc., 77: 2–8.

Vatta A., Waller P., Githiori J., Medley G. (2012). Persistence of the ef-
ficacy of copper oxide wire particles against Haemonchus contor-
tus in grazing South African goats. Vet. Parasitol., 190: 159–166. 

Verma R., Lata K., Das G. (2018). An overview of anthelmintic resis-
tance in gastrointestinal nematodes of livestock and its manage-
ment: India perspectives. Int. J. Chem. Stud., 6: 1755–1762. 

Vineer H.R., Morgan E.R., Hertzberg H., Bartley D.J., Bosco A., Char-
lier J., Chartier C., Claerebout E., de Waal T., Hendrickx G., Hin-
ney B., Höglund J., Ježek J., Kašný M., Keane O.M., Martínez-
Valladares M., Mateus T.L., McIntyre J., Mickiewicz M., Munoz 
A.M., Phythian C.J., Ploeger H.W., Rataj A.V., Skuce P.J., Simin 
S., Sotiraki S., Spinu M., Stuen S., Thamsborg S.M., Vadlejch J., 
Varady M., von Samson-Himmelstjerna G., Rinaldi L. (2020). In-
creasing importance of anthelmintic resistance in European live-
stock: creation and meta-analysis of an open database. Parasite, 
27: 69. 

Waller P.J. (1997). Anthelmintic resistance. Vet. Parasitol., 72: 391–
412. 

Waller P.J. (2006). Sustainable nematode parasite control strategies for 
ruminant livestock by grazing management and biological con-
trol. Anim. Feed Sci. Tech., 126: 277–289.

Waller P.J., Larsen M. (1993). The role of nematophagous fungi in 
the biological control of nematode parasites of livestock.  Int. J. 
Parasitol., 23: 539–546. 

Wolf D., Hermosilla C., Taubert A. (2014). Oxyuris equi: lack of ef-
ficacy in treatment with macrocyclic lactones. Vet. Parasitol., 201: 
163–168.

Yamson E.C., Tubalinal G.A.S.P., Viloria V.V., Mingala C.N. (2019). 
Anthelmintic effect of betel nut (Areca catechu) and neem (Aza-
dirachta indica) extract against liver fluke (Fasciola spp.). J. Adv. 
Vet. Anim. Res., 6: 44–49. 

Yang J., Lv Y., Zhu Y., Song J., Zhu M., Wu C., Fu Y., Zhao W., Zhao Y. 
(2024). Optimizing sheep B-cell epitopes in Echinococcus granu-
losus  recombinant antigen P29 for vaccine development. Front. 
Immunol., 15: 1451538. 

Received: 24 V 2024
Accepted: 28 X 2024


