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ABSTRACT

Intestinal parasite infections (IPIs) are still a major hazard to public health worldwide, particularly
in nations with subpar sanitary infrastructure. Due to poor hygienic conditions, limited access to
sanitation, and a disregard for health education, intestinal parasite infections (IPIs) have continued to
occur in developing countries. The two benzimidazole-anthelmintic drugs that are frequently prescribed
for Necator Americanus and Ancylostoma Duodenale infections are mebendazole and albendazole.
These drugs stop the microtubule polymerization that Kills mature worms in invertebrates. Necator
Americanus and Ancylostoma Duodenale are similarly vulnerable to benzimidazoles. With a high
overall cure rate, hookworm infection can be successfully treated. Despite the lack of rigorous safety
trials in children under the age of two, methendazole and albendazole have been used frequently in mass
drug administration (MDA) programs to treat entire communities, regardless of the age of the
participants. The life cycle and route of transmission of intestinal parasites are similar. The most
common method for identifying IPIs is the stool test. Several anti-parasitic medications are used as a
kind of treatment. However, effective IPI control depends on taking the right preventive actions.
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1. INTRODUCTION

Globally, intestinal parasite infections (IPIs) continue to pose a serious threat to public
health, especially in countries with inadequate sanitation infrastructure (1,2). Intestinal parasite
infections (IP1s) have persisted in developing nations because of inadequate hygienic
conditions, a lack of access to sanitation, and a failure to prioritize health education (3,4,5).
Intestinal parasites known as hookworms are a subset of soil-transmitted helminths (STH), a
class of nematode diseases that primarily have an effect on people in low- and middle-income
nations and affect millions of people globally (6), hookworm infections are linked to the highest
worldwide causes of diseases among the group of soil-transmitted helminths, with a projected
2-2 million life years reduced due to disability in 2013. Chronic infections caused by soil-
transmitted helminths can affect school-age children's psychometric performance, delayed
development of the body, delayed cerebral development, and absenteeism from school (7).
Most people with soil-transmitted helminth infections either live in or are displaced from areas
with poor access to sanitary conditions, clean water, and hygienic conditions (8,9). STH affects
disadvantaged populations more frequently in low- and middle-income countries, but it also
affects them in high-income ones (10,11). According to WHO estimates, 875 million children
need regular STH therapy in 2010. S stercoralis, which may infect up to 100 million people
worldwide, is not included in this (9). Data suggest that during the past 10 years, the number of
disability adjusted life years (DALY's) associated with soil-transmitted helminths has declined;
however, this decline has primarily occurred in upper-middle-income countries, with the
disease burden shifting more towards lower- and middle-income countries (12). The disability-
adjusted life-years (DALY) associated with soil-transmitted helminths may significantly
underestimate the actual illness burden, for instance, by failing to account for hookworm-
induced anemia (13).

One of the most prevalent forms of geohelminthic infections in developing nations is
hookworm infection (14). Recurrent hookworm infections can result in severe anemia and
blood loss. Hookworm disease presents with a variety of symptoms, such as diarrhea, stomach
pain, and nausea (15). As a result of the usage of bare hands and feet when playing in the sand,
kids are especially susceptible to infection with hookworms (16). Regular anthelminthic
treatment, basic healthy learnings, sanitation, and appropriate personal hygiene practices are
the main components of a global strategy to eradicate soil-transmitted helminthiasis (17). Yet,
studies casting doubt on these tactics have surfaced recently, and there is conflicting data
demonstrating these interventions' ability to effectively prevent hookworm infection (18).

2. HOOKWORM INFECTIONS

Hookworms, which include Ancylostoma duodenale and Necator americanus, are two of
the most frequent and persistent parasite illnesses in the world that affect people. These
parasites have a detrimental effect on both human health and the socioeconomic advancement
of the afflicted areas (19). One of the most prevalent forms of geohelminthic infections in
developing nations is hookworm infection (20). Warm, tropical, and subtropical climates are
associated with greater rates of hookworm infections (19,21). According to Bouchary et al.
(2020), hookworms can cause a variety of health problems and are quite good at evading and
modifying the immune system. Grown parasites that live in the host's small intestine typically
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induce anemia by consuming blood, degrading erythrocytes, causing persistent intestinal
disturbances, depleting the host's blood supply, and lowering hemoglobin levels by attaching
themselves to the intestinal wall (18,22,23).

2. 1. Clinical Symptoms of Hookworm Infections

Many times, hookworm infections show no symptoms at all. The symptoms are usually
associated with the diseased host and the proliferation of the parasite (22). When skin
penetration occurs, it shows up as a localized erythema (24). Accordingly, a moderate or severe
infection may result in headaches, fatigue, palpitations, and epigastric pain, while a modest
hookworm burden may not cause any symptoms (25). Even though mild anemia may not cause
any symptoms, it can nevertheless result in tachycardia, weakness, shortness of breath, and low
consciousness (26). The two primary species of human hookworms, Ancylostoma duodenale
and Necator americanus, can have high worm burdens that result in anemia, diarrhea, weight
loss, nausea, and stomach pain (27, 28). It is important to note that individuals with the infection
will develop hemoptysis, bronchitis, sneezing, coughing, and eosinophilic pneumonia at the
pulmonary stage (22).

2. 2. Diagnosis Techniques of Hookworm Infections

Fecal testing, whether microscopic or molecular, is necessary to detect hookworm
infection (29). Although stool microscopy is a valuable analytical tool, it has many drawbacks.
It facilitates the counting and sorting of hookworm eggs. Hospital laboratories employ egg
concentration procedures, and there are readily available simple assays such the Kato-Katz
techniques. These methods are employed in epidemiological studies because they offer an
imprecise estimation of the worm load (30,31). Since hookworms are digestive tract parasites,
a recent fecal sample must be examined for the diagnosis.

Examinable during this procedure include hookworm eggs, larvae, and whole or partial
parasites. Actually, feces needs to be refrigerated or treated within 24 hours after collection to
stop the eggs from developing into larvae. The most important thing to keep in mind is that egg
production varies depending on the nutritional status of the host. Moreover, fecal consistency
may have an impact on the quantity of eggs per gram in feces, making this method unsuitable
for calculating the number of worms in the gut (21).

The McMaster, Formol-Ether Concentration, Kato-Katz, Direct Wet Mount Microscopy,
and Test Tube Flotation procedures are a few of the methods utilized in microscopic research.
Furthermore, although it can reveal parasites, capsule endoscopy is rarely utilized to diagnose
infection. There are still intriguing questions regarding the use of computer-assisted capsule
endoscopy imaging for hookworm identification. In this field, automatic discovery models are
ultimately intended to be used for analysis, which is more accurate than skilled endoscopists
(21,31,32).

2. 3. Treatment Approaches of Hookworm Infections

Mebendazole and albendazole are the two commonly used benzimidazole-anthelmintic
medications for Necator Americanus and Ancylostoma Duodenale infections. These
medications prevent invertebrates' microtubule polymerization, which kills adult worms.
Ancylostoma Duodenale and Necator Americanus are equally susceptible to benzimidazoles.
The treatment of hookworm infection can effectively cure the infection with an overall cure
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rate of 72% for a single dosage of albendazole and 15% for a single dose of mebendazole (33).
The results of the other trial, which had 1,845 students, also indicated that an albendazole single
dose had an overall cure rate of 87.8%. It is important to note that this rate differs greatly
between age groups, nations, and infection severity (34). It is less appropriate for mass
treatment movements even if three consecutive daily doses of each medication approve egg
decrease rates and improved treatment. The therapeutic efficacy of benzimidazole medications
can vary. Astonishingly high rates of single dose medication failure are observed for both
mebendazole and albendazole (35). Single dose oral albendazole, mebendazole, and pyrantel
pamoate were found to be 72%, 15%, and 31% effective against hookworm infections (36).
Putting in place water, sanitation, and hygiene (WASH) programs is another way to combat
hookworms. These programs usually try to stop the spread of hookworms using a variety of
techniques. First, by constructing latrines (and/or other sanitation systems), handling human
waste, and dissuading ground defecation with health information, these interventions can
prevent fecal eggs from entering the soil (37, 38). Second, by encouraging handwashing and
improving access to clean water, WASH interventions can prevent human fecal-oral intake of
hookworm eggs, which is necessary for A. duodenale alone (37,38).

3. BENZIMIDAZOLE

Benzimidazole is also known by the names 1,3-diazaindene, azindole, 3-azaindole,
benziminazole, benzoglyoxaline, and 3-benzodiazole. It is a white crystal with melting point of
170-172 °C. Numerous naturally occurring and pharmacologically active compounds have the
significant structural motif benzomidazole (39). With applications ranging from HIV-RT
inhibitors to anticancer, antimicrobial, antihistamine, antihelmintic, antioxidant,
antihypertensive, antiviral, anticoagulant, and antiulcer activity, the benzimidazole moiety is an
important pharmacophore in the modern era and has been used as privileged scaffolds to create
specific drugs (40). Every member of this class has a structure based on the fusion of the
imidazole and benzene rings to form a bicyclic ring structure.
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Figure 1. Benzimidazole (compound 1) with its tautomeric forms

The independent discovery that thiabendazole is deactivated by hydroxylation of the
benzene ring and that activity is improved by adding a 2-methylcarbamate moiety to the

-234-



World News of Natural Sciences 55 (2024) 231-240

imidazole ring led to the development of metronidazole and albendazole. Except for
triclabendazole, the main way that the benzimidazoles (and other antiparasitic agents) work
against parasites is by selectively binding to the tubulin of nematodes (36). This prevents the
tubulin from polymerizing into microtubules, which disrupts cell division and energy pathways.
Additionally, the interference with similar vital processes leads to the death of the parasite.
Additionally, this tubulin-related action stops helminth egg hatching (41). Treatment for
parasite infections involves the use of broad-spectrum benzimidazole anthelmintics such as
mebendazole and albendazole. These medications are known to impair the uptake and transport
of glucose and ultimately cause cell death by blocking the microtubule systems of parasites and
mammalian cells. Albendazole and mebendazole are the most often prescribed medications for
intestinal nematode infections, which include ascariasis, hookworm infections, trichuriasis,
strongyloidiasis, and enterobiasis. Additionally, intestinal tapeworm infections (taeniases and
hymenolepiasis) can be treated with these medications.

In 1982, the medicine albendazole, methyl [5-(propylthio)-1H-benzimidazol-2-yl]
carbamate, was licenced for use as a broad-spectrum anthelmintic in humans. It has been widely
applied to combat a variety of protozoa and parasitic worms. When taken orally, albendazole
quickly breaks down into albendazole sulfoxide and albendazole sulfone.

Albendazole
H QX 7/
N 0
/>7N
N H

Figure 2. Structure of Albendazole (42)

NS

In 1971, mebendazole, also known as methyl 5-benzoyl-1H-benzimidazol-2-yl-
carbamate, was administered to humans for the first time as a broad-spectrum anthelmintic.
Mebendazole is a benzimidazole anthelmintic that functions similarly to albendazole and
thiabendazole in terms of structure and mode of action. Mebendazole is intended for the
treatment of common parasitic worm infections and was licenced for usage in the US in 1974.
Chewable tablets containing mebendazole in dosages of 100 mg and 500 mg are marketed both
generically and under the trade names Emverm and Vermox. Depending on the indication, the
standard dosage for pinworm is 100 or 500 mg once, or different amounts for three days for
infections with whipworm, hookworm, and roundworm, or other doses for longer periods of
time.

While temporary stomach discomfort, diarrhoea, nausea, dizziness, and headaches are
possible side effects, both albendazole and mebendazole have good safety ratings when taken
to treat hookworm infection. Concerns have been raised concerning the usage of
benzimidazoles in pregnant women and children under the age of one due to their embryotoxic
and teratogenic effects in pregnant rats and rabbits. There has not been any evidence of
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teratogenicity in humans to date, and aresearch including over 800 women receiving
albendazole during the second and third trimesters showed no negative side effects.
Nonetheless, it is not advised to use albendazole during the first trimester. In a comparable way,
mebendazole and albendazole have been used extensively in mass drug administration
(MDA) programmes to treat entire communities, regardless of the age of the persons, despite
the lack of formal safety studies in children under the age of two.
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Figure 3. Structure of mebendazole (National Center for Biotechnology Information, 2024).

4. CONCLUSION

For the purpose of implementing therapeutic interventions and preventive measures in

these vulnerable preschool-age groups, it is critical to comprehend the prevalence and
consequences of infection. The current findings require further proof, and aspects such as
geography, seasonality, socioeconomic status, behavior, and deworming programs should be
included in future studies.
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