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ABSTRACT

Soil transmitted helminth infections and lymphatic diseases are
significant neglected tropical diseases that pose public health
challenges in both low and middle economic populations. These
parasites live in the human intestine, consuming nutrients intended
for the human body. Research findings suggest that the development
of resistance to antihelminthic drugs is notably delayed when a
combination of medications is used. Antihelminthic tablets are
excellent candidates for mass drug administration (MDA) because
they are highly effective and safe. Their reliability and safety make
them well-suited for widespread distribution among populations at
risk of parasitic worm infections. School-based deworming programs
have proven successful in providing access to large numbers of
children, offering them antihelminthic treatments in various settings.
MDA is a key strategy in the global effort to eliminate lymphatic
filariasis, with school-based deworming being an integral part of this
approach. However, the longer the program lasts, the higher the risk
of treatment failure is due to potential parasite resistance. Therefore,
there is an urgent call for new methods to monitor and combat the
emergence of drug resistance. While MDA has shown significant
impact on various helminth infections, the threat of resistance
remains a concern. Although there is currently no concrete evidence
of resistance to common antihelminthics in humans, experiences
from other infectious diseases, particularly in livestock, serve as a
cautionary tale against over-reliance on these drugs for controlling

lymphatic filariasis.
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1. Introduction

Soil-transmitted helminth (STH) infections and lymphatic diseases
are major public health concerns, particularly in low and middle-
income regions. These diseases significantly impact the health
of populations in these areas, posing considerable challenges
to healthcare systems[1]. STHs lives in the human intestine and
consume nutrients meant for the human body. STH include mainly
hookworm, whipworm and roundworm, affecting children living in
poverty where there is inadequate sanitation. Although Sirongyloides
stercoralis is usually considered alongside the STHs, it does not
come under the definition of STHs.

The highest prevalence of STH infections is found in tropical and
subtropical regions, particularly in Asia, including countries like
India, China, Southeast Asia, and in sub-Saharan Africa[2]. Studies
have shown that the development of resistance to antihelminthic
drugs is notably slowed down when a combination of drugs is used
for treatment. Eleven different drug combinations were evaluated to
their effect against STH infection[1-3].

Therefore, it’s crucial to enhance the availability of antihelminthic
drugs with diverse mechanisms of action. Additionally, establishing

a comprehensive surveillance system is essential to monitor any
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alterations in the effectiveness of these drugs due to the emergence A community or subpopulation can receive treatment without

of antihelminthic resistance. Also, a need for concerted efforts to  individual diagnosis using MDA, which distributes affordable, safe

discover and develop the next generation of antihelminthic drugs  medications based on preventative chemotherapy principles|12].

cannot be overlooked. The main problem with the existing drug regimen is that substantial
treatment coverage is necessary to accomplish elimination and

2. Mass drug administration and chemotherapeutic suspend transmission. However, after prolonged mass treatment

agents with the current treatments, drug resistance may become a serious
problem]13].

Lymphatic filariasis (LF) is a disease caused by three types of While MDA for lymphatic filariasis brings about health benefits
parasitic worms: Wuchereria (W.) bancrofii, Brugia (B.) malayi, and by reducing the prevalence of intestinal nematode infections like
B. timori. In India, W. bancrofii is spread by the common mosquito, ~ whipworm, ascaris, and hookworm, it also comes with its own set
Culex quinquifasciatus, while B. malayi is transmitted by Mansonia  of advantages and disadvantages. One significant advantage is the
mosquitoes. Recognized as a significant global health concern, LF  simultaneous reduction in the burden of these intestinal nematodes
affects around 120 million individuals across more than 80 nations,  alongside filariasis treatment. However, a notable concern is the
according to the World Health Organization (WHO)[4-5]. Given the = potential emergence of drug resistance among intestinal nematodes
absence of a vaccine and the limited success of vector control efforts,  due to MDA for filariasis. The three main drugs used in MDA
the eradication of lymphatic filariasis hinges on MDAJ6]. programs are albendazole, DEC, and ivermectin. The increase in

Schistosome resistance to certain drugs, like oxamniquine and ~ MDA coverage from 2004 to 2019 is depicted in Figure 1.
hycanthone, is primarily observed in the absence of a drug-activating
enzyme found in susceptible schistosomes and mammalian hosts.

This phenomenon has been extensively studied through genetic and 2. . Drugs used in lymphatic filariasis treatment

biochemical analyses facilitated by the availability of Schistosoma (S.)

mansoni strains resistant to these drugs. Notably, praziquantel, a widely 2. 7. 7. Albendazole

used drug, has not shown any documented cases of resistance]7]. Albendazole is a benzimidazole carbamate which exhibits

The effectiveness and safety of anthelminthic tablets make them  larvacidal, vermicidal and ovicidal. It exerts its antihelminthic
well-suited for MDA, especially in early intervention programs  activity by inhibiting tubulin polymerisation and disrupting
targeting large numbers of children, often implemented through  the worm’s metabolism[14]. Reports indicate the emergence of
school-based deworming initiatives[8]. Various combinations of  albendazole resistance in various nematode parasites, primarily
anthelminthic drugs are utilized, such as albendazole in conjunction  attributed to single nucleotide polymorphisms (SNPs). Interestingly,
with ivermectin and diethylcarbamazine, to combat the transmission  studies have shown that similar SNPs exist in untreated populations
of W. bancrofii, the primary causative agent of lymphatic filariasis. In ~ of W. bancrofti, suggesting the potential for resistance development
MDA campaigns, different combinations of drugs are administered  in this context as well. Various studies have also reported that use of
depending on the endemicity of other diseases like onchocerciasis or ~ drug combinations (albendazole, DEC, and ivermectin) in filariasis
loiasis. Despite their effectiveness in reducing the number of cases,  elimination programmes might help to prevent the development of

the prolonged treatment duration, particularly the five-year regimen  resistance[3-5].
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for lymphatic filariasis, remains a significant drawback[9]. Recently,
a triple drug regimen incorporating ivermectin, diethylcarbamazine

(DEC), and albendazole has been introduced to enhance
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of antihelminthic resistance in STHs and lymphatic filariasis, and

its implications for MDA. Both STHs and LF control programs are
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WHO advises assessing the decrease in the number of STH eggs
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expelled in stool post-treatment, employing methods such as the

S

Kato-Katz technique, McMaster method, or thick smear. The
objective is to ensure that at least 75% of school-aged children who
require treatment are reached. Research has demonstrated that mass Year
administration of a single dose of ivermectin, diethylcarbamazine

& v ? Y Zne, Figure 1. Mass drug administration (MDA) coverage among eligible
albendazole, or a combination of these drugs results in a significant  population (2004-2019).

reduction in microfilariae intensity{11].
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2.1.2. Diethylcarbamazine
For many years, DEC has been used to treat lymphatic filariasis.

Although its exact mode of action is still unknown, several
investigations have revealed that DEC blocks the cyclooxygenase
pathway in parasites, causing microfilariae to die[15]. As a derivative
of piperazine, DEC has been a mainstay of the chemotherapeutic
arsenal for treating lymphatic filariasis for the past 15 years .
Variations in the observed microfilaricidal effects across different
studies are likely attributable to the varying levels of transmission
prevalent in the areas where the studies were conducted.

Chronic administration of low dose diethylcarbamazine, such as in
medicated salt, can effectively control filariasis[16]. However, due to

in—vivo effect, there is not much researches on resistance to DEC.

2.1.3. lvermectin

Ivermectin was identified in the mid-1970s and introduced as an
antiparasitic agent in 1981. It marked the debut of macrocyclic
lactone endectocides in the market and remains the sole macrocyclic
lactone employed against parasites affecting humans[15]. [vermectin
interacts with a range of acetylcholine-gated chloride channels,
ligand-gated ion channels, histamine gated-chloride channels is
correlated with its antihelminthic activity mediating the paralytic
actions in the motor neurons system(17]. [vermectin increases the
sensitivity the host immune system by acting in-vivo on microfilaria,

although the mechanism is still unknown.

2.2. Challenges of drug resistance in helminth treatment

There is an ongoing debate about defining resistance versus
tolerance in the context of drug treatment. Tolerance signifies the
stage between treatment success and failure[18]. According to WHO,
resistance denotes the development of an organism’s ability to
withstand doses of a toxic substance that would typically be lethal
to most individuals of the same species[19]. Helminths in humans
suspected or confirmed of exhibiting drug resistance include Necator
americanus (to mebendazole) in Mali, Ancyclostoma duodenale (to
pyrantel) in Australia, S. mansoni (to oxamiquine in Brazil and
praziquantel in Senegal and Egypt), and Onchocerca volvulus (to
ivermectin) in West Africa20]. The first reported case of parasite
resistance to antihelminthics dates back to 1957 with phenothiazine,
and often, Haemonchus contortus is the initial nematode to develop
resistance to various antihelminthic drugs(21]. Helminthic diseases
are treated with various drugs, including macrocyclic lactones,
benzimidazoles, imidazothiazoles, and praziquantel. Resistance
has emerged across all major families of broad-spectrum
antihelminthics[18]. With their widespread use in both animals and
humans, the emergence or potential emergence of drug resistance is
a significant concern[22].

Unlike livestock, where nearly all animals in a herd or flock receive

treatment, community-based mass treatment of humans typically
achieves a compliance rate of less than 80%. Factors such as
absenteeism and lack of interest contribute to this lower compliance.
There is substantial evidence indicating that when a parasite
develops resistance to one antihelminthic within a specific group,
it often becomes resistant to other agents within the same group
(known as side resistance). For instance, resistance to albendazole
can confer side resistance to other members of the benzimidazole
family due to their shared mode of action[19].

Drug resistance can arise through mechanism such as a change
in the drug receptor, which can render it ineffective at low
concentrations because it no longer binds tightly or with high affinity
and a modification in the way the drug is distributed within the
target organism, which can hinder its access to the intended site of
action[19].

Antihelminthic resistance poses a significant threat to agricultural
incomes, with reports emerging from various regions worldwide and
involving all classes of helminths and available drugs[18]. There is
ongoing debate regarding the authenticity of reported cases of drug
resistance. However, there is solid documentation of S. mansoni
exhibiting resistance to oxamniquine in Brazil, and evidence also
supports instances of resistance to praziquantel in Egypt.

It has not yet been confirmed that ivermectin developed resistance
to Onchocerca volvulus but reduced susceptibility of microfilaria
has been observed in some regions of West African onchocercosis
control programmel20]. Several authors have given the alarming sign
to the development of resistance to ivermectin against onchocerciasis
in large scale programmes which uses the same drug continuously
over years.

Various factors have been considered to mitigate against drug
resistance in lymphatic filariasis which includes the combined use
of drugs with different modes of action & the long and complex life
cycle. Albendazole, a member of the benzimidazole class of drug,
has little effect on microfilariae but when it is combined with either
ivermectin or DEC, synergistic activity is observed, but along with
it widespread resistance to benzimidazoles is observed in number of

nematodes[6].

3. Factors contributing to drug resistance
Several factors contribute to the development of drug resistance,
including frequent treatment, reliance on single drug regimens,

the specific targeting and timing of mass treatment efforts, and

inadequate dosing.

3.1. High treatment frequency

Well-controlled experiments conducted by Bernardo Pereira
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Moreira et al. have demonstrated that a high treatment frequency
more strongly favors the selection of resistance compared to less
frequent dosing schedules[23]. Furthermore, compelling evidence
suggests that resistance develops more rapidly in areas where
deworming of animals occurs frequently. For instance, in humid
tropical regions where parasite control in small ruminants involves
10 to 15 treatments per year, significant issues with antihelminthic
resistance in Haemonchus contortus have been reported|24]. However,
even with lower treatment frequencies, drug resistance can still
develop when the same medication is used repeatedly over an
extended period. Several studies have documented the emergence of

resistance even with only two or three treatments given annually|25].

3.2. Single drug regimens

It’s a common occurrence that a medication initially effective
gradually loses its efficacy with consistent use until it eventually
fails|26]. Geerts et al. conducted a survey of sheep producers in the
United States and found that one out of every two flocks were treated
with a single antihelminthic until it ceased to work. Even with a low
annual treatment frequency and a perception that bovine helminths
develop resistance less readily than those in small ruminants,
long-term administration of levamisole in cattle led to resistance
development|27]. In South Africa and New Zealand, the frequent use
of ivermectin without alternation with other medications has been
linked to the rapid emergence of resistance in Haemonchus contortus
in sheep and goats|28].

S Geerts and B Gryseels have cautioned about the potential
for antihelminthic resistance problems in onchocerciasis control
programs in western Africa, particularly as these programs
increasingly rely on periodic community-based treatment with
ivermectin. While the initial goal of drug-based control techniques
for schistosomiasis and helminthiasis was solely to reduce and prevent
disease in humans, they are now also recommended for controlling and

even interrupting transmission[27].

3.3. Targeting and timing of mass treatment

The widespread evolution of antihelminthic resistance (AR)
in helminths has undoubtedly been aided by mass preventative
therapies given to domestic animals. Although there are no data
from experimental research, computer models show that when 20%
of the flock is not treated, resistance development is postponed.
This strategy would guarantee that the offspring of the worms that
survive the treatment will not only be resistant worms. Given the
well-known over-distributed distribution of helminths, not treating
some members of the group, particularly those with the lowest
worm burdens, shouldn’t necessarily lessen the treatment’s overall

effectiveness|29].
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To prevent rapid reinfection in livestock, common practices include
moving flocks frequently to clean pastures after bulk treatment or
scheduling treatment during dry seasons. However, these practices
can inadvertently lead to the next generation of helminths being
primarily composed of worms that survived the therapy, potentially
contributing to the development of AR[27]. For instance, Roose et
al.[30] found issues with AR in sheep and goat helminths on some
small Greek islands experiencing prolonged drought, while the
mainland, under similar management and deworming procedures,
did not exhibit AR.

In contrast to livestock, where nearly all animals receive treatment,
population compliance in community-based mass treatment of
humans is typically below 80% due to various reasons like absences,
lack of interest, illness, or pregnancy. Compliance often further declines
after initial treatments, particularly as morbidity decreases[27]. Timing
therapy during dry, low-transmission periods has been suggested.
In certain regions of China, synchronized treatment for humans and
cattle is employed to curb disease spread, although logistical and
organizational challenges hinder implementation[31].

The development and spread of AR in humans may be delayed by
various factors, but not guaranteed. However, if routine treatments
primarily target school-age children for intestinal worms or
isolated communities for onchocerciasis, where participation is
well controlled and transmission occurs within a relatively closed
ecological system, the situation and risks may not differ significantly

from those in livestock|27].

3.4. Under—dosing

Under-dosing is widely recognized as a significant contributor to
the development of drug resistance because sub-therapeutic doses
can prolong the lifespan of heterozygous resistant worms. Laboratory
studies have demonstrated that under-dosing influences the selection
of resistant or tolerant strains, and this notion is supported by some
indirect field data[32]. Recent research has revealed that goats require
larger doses (1.5 to 2 times) of anthelminthics compared to sheep
due to differences in drug bioavailability. However, for many years,
both sheep and goats were administered the same doses, potentially
contributing to the relatively frequent and widespread occurrence of
antihelminthic resistance in goats.

The field scenario of antihelminthic resistance may not always be
straightforward, as indicated by recent modeling experiments[33].
Depending on the original frequency of resistance alleles, there may
be a range of dose levels where under-dosing impedes resistance
and another range where it promotes resistance. Despite the need
for further research on the impact of under-dosing on resistance
formation, sub-curative doses should be avoided. Under-dosing has
been encouraged in some cases to reduce the costs of anthelminthic

treatment campaigns in underdeveloped nations, but this practice is not
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advisable due to its potential to exacerbate resistance issues|34].

In many impoverished nations, under-dosing among people
happens frequently. Poor families sometimes share or consume
drugs at half the usual doses or less. Additionally, subpar generic
goods, products that have been repackaged or modified, and outdated
medications are widely available in pharmacies and general markets.
Additionally, both human and veterinary medicine have been shown
to contain low-quality medications. Numerous unlicensed businesses
worldwide generate human medications, particularly antibiotics and
antihelminthics. These medications typically don’t have enough

quality control[35].

4. Detection of drug resistance
4.1. In—vivo methods

One of the most commonly used tests to assess anthelminthic
resistance is the fecal egg count reduction test. It’s particularly useful
for field surveys as it provides an estimate of anthelminthic efficacy
by comparing the number of parasite eggs in fecal samples before
and ten days after treatment. This test is straightforward and doesn’t
require highly trained personnel. The procedure involves using
the modified McMaster technique to determine the pre- and post-
treatment fecal egg counts. It can be applied across various animal

species including sheep, goats, cattle, horses, and pigs[27].

4.2. In—vitro methods

The larval development assay is a widely used method for
detecting resistance to anthelminthic drugs such as benzimidazoles,
levamisole, and macrocyclic lactones. It’s highly sensitive and
quantitative, making it the method of choice for assessing resistance

to these drugs in vitrol21].

4.3. Molecular methods

4.3.1. Polymerase chain reaction techniques
Conventional and real-time polymerase chain reaction techniques

are now established for identifying AR in various populations
of small and large ruminants, as well as equine gastrointestinal
nematodes. Through polymerase chain reaction, researchers can
detect resistant (homozygous resistant) or susceptible (heterozygous
and homozygous susceptible) adult worms or larvae. Using four
primers in a single reaction mixture, worms can be genotyped
for the mutation on the B-tubulin residue 200, which is linked to

benzimidazole resistance[36].

4.3.2. Pyrosequencing

Pyrosequencing, a novel sequencing strategy, offers accurate and
high-throughput SNP quantification. This method relies on detecting
light signals generated during a multi-enzyme reaction, with
pyrophosphate released in proportion to the number of incorporated
nucleotides. By systematically adding nucleotides one at a time in a
predetermined sequence, pyrosequencing determines the nucleotide

sequence of the template DNA[37].

5. Conclusions

MDA has become a primary strategy for achieving the elimination
goals of global programs targeting parasites like soil-transmitted
helminths and lymphatic filariasis. However, numerous challenges
impede its successful implementation. While the elimination goal
for LF is attainable, it requires addressing issues related to drug
distribution, health systems, and implementation. Prolonged program
durations increase the risk of treatment failure and contribute to
parasite resistance. There is an urgent need for developing new
methods to monitor drug resistance emergence and investigating
alternative antiparasitic drugs for future control measures. Despite
the significant impact of MDA on various helminths, the emergence
of resistance remains a pressing issue. Further research is essential to

determine the most effective strategies for addressing this problem.
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