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Abstract

Purpose of review To present ivermectin as a transformational tool for the control of
neglected tropical diseases (NTDs) such as onchocerciasis and the drug of choice for the
treatment of strongyloidiasis. Ivermectin is being re-discovered as a candidate drug for a
variety of new indications among NTDs. In this review, new data are analyzed and put in
context of current research interest as well as of the un-addressed issues for the treatment
of soil-transmitted helminths (STH) infections.
Recent findings The addition of ivermectin to the benzimidazole drugs appears as the most
promising solution for three key issues for the WHO-guided strategy for STH control; these
issues are the low efficacy of the current regimens against Trichuris trichiura, the risk of
emergence of benzimidazole resistance, and the inclusion of Strongyloides stercoralis in
the strategy. Pharmacokinetic aspects of ivermectin along with the large experience in the
treatment of intestinal helminths in veterinary medicine also show potential research
paths for better utilization of this drug for human infections.
Summary New opportunities for the use of ivermectin in the control of STH as a public
health problem are encouraging. However, this comes associated with new challenges not
only of generating an adequate drug supply, but also for creating an access plan within a
landscape of unresolved needs for the current indications.
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Introduction

The history around the discovery, development, and
utilization of ivermectin (IVM) in human public health
are among the most successful case models in the strug-
gle to control neglected tropical diseases (NTDs) [1].
Since the initial discovery by Satoshi Omura in the
1970s at Tokyo’s Kitasato Institute until the present,
IVM has been pivotal in the success of Mass Drug Ad-
ministration (MDA) programs for onchocerciasis and
lymphatic filariasis (LF) [2]. With over 800 million tab-
lets shipped to the countries through the Mectizan Do-
nation Program (MDP), the size of the donation has
increased since 2014 [3••]. Despite this enormous
amount of medication, the population that would ben-
efit from IVM exceeds the number of persons reached by
the onchocerciasis and LF programs.

Neglected tropical diseases are a group of infectious
diseases that affect pediatric and adult populations in
the world’s poorest communities. Among the NTDs that
cause significant global morbidity and mortality, soil-
transmitted helminths (STH) infections (ascariasis,
trichuriasis, and hookworm disease) are associated with
malnutrition, impaired growth, and cognitive develop-
ment in children [4]. Infections by Strongyloides
stercoralis, also a STH of relevance, have been tradition-
ally ignored in most surveys as well as by the World
Health Organization’s (WHO) control strategy. Al-
though endemic throughout the tropics and sub-tropics,
precise data on global prevalence are lacking,mostly due
to technical difficulties in diagnosis [5].

The most recent estimates suggest that in 2015 428
million people were infected with hookworm

(Ancylostoma duodenale andNecator americanus), 761mil-
lion with Ascaris lumbricoides, and 463 million with
Trichuris trichiura [6]. These parasitic infections rank
highest among NTDs in terms of disease burden: more
than 3 million years lived with disability (YLDs) were
attributable to STH infection, due to, wasting, stunting,
gastrointestinal problems, and anemia [6].

Ivermectin is an endectocide drug, that is, an antipar-
asitic drug active both against endoparasites and ecto-
parasites. Current indications of IVM include treatment
of infections by Strongyloides stercoralis,Gnathostoma spp.,
Mansonella streptocerca, and ectoparasites such as
Pediculus humanus and Sarcoptes scabiei. In the field of
STH, limitations in the efficacy of the currently available
drugs call for a search of therapeutic options that could
help in reaching global goals of disease control and
elimination. New drugs or new formulations would
prove useful in improvements in efficacy, prevention
of drug resistance, and integration of regimens effective
against S. stercoralis [7••, 8]. In that role, IVM appears as
a suitable candidate, when used in coadministration
with benzimidazole drugs currently prescribed for STH
infections.

The aim of this review is to update on recent devel-
opments with regard to IVM. Based on the existing body
of knowledge in veterinary medicine, IVM’s pharmaco-
dynamic and pharmacokinetic characteristics, as well as
its safety profile, this review aims to identify the best
approaches to generate evidence supporting the use and
access of IVM against STH of human importance.

STH control strategy

STH are parasitic infections of particular importance in impoverished areas,
exerting significant morbidity, mainly in the younger population through
malnutrition and impairment of growth and development. In adults, they can
also cause significant anemia (mostly hookworms) thus impairing productivity
and well-being [9–11]. Despite differences in their clinical syndromes and
mechanisms of infection, STH are transmitted in areas with inadequate water
and sanitation [12]. Therefore, the most effective and sustainable control mea-
sures include structural improvements that lift communities from poverty and
break the circle of poverty and disease [13]. The World Health Organization’s
STH control strategy emphasizes morbidity control through mass-drug admin-
istration (MDA), targeting preschool- and school-aged children and women of
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childbearing age [14]. The global target is to eliminate morbidity due to STH in
children by 2020, by treating at least 75% of population at risk, especially
children in endemic areas (an estimated 873 million) [15]. At present, a
strategic plan for beyond 2020 is being developed under WHO’s leadership,
which will probably include the control of strongyloidiasis, for which there are
no large-scale public health deworming programs.

The benzimidazoles drugs, albendazole (ALB), andmebendazole (MBZ) are
themost commonly used drugs to treat STH infections and are widely accessible
for school-aged children through drug donation programs. Benzimidazoles
have an excellent safety profile and are given to children as a single dose once
or twice a year (depending on the estimated STH prevalence in the community)
profile [16, 17]. WhileMDA programs remain the cornerstone for reducing STH
morbidity, there are increasing concerns that the ongoing success of these
programsmay be hindered by important factors that relate to the monotherapy
drug regimens used:
1. Low drug efficacy against T. trichiura: results from a recent systematic review

and network meta-analysis suggest that although single-dose ALB remains
efficacious against A. lumbricoides and hookworm (cure rate (CR) of 95.7%
and 79.5% and egg reduction rate (ERR) of 98.5% and 89.6% respectively),
efficacy against T. trichiura infections is considerably lower, (30.7% CR, and
49.9% ERR) [7••]. Of particular concern is the decreasing efficacy against
T. trichiura; cure rates are estimated to have fallen from 38.6% in 1995 to as
low as 16.4% in 2015.

2. Emergence of anthelmintic resistance: the use of widespread monotherapy
could lead to parasite selection pressure that could empower resistance-type
alleles surviving treatment [18]. In veterinary practice, benzimidazole resis-
tance has been associated with single nucleotide polymorphisms (SNPs) in
the β-tubulin isotype 1 gene [19].

3. S. stercoralis: while relying in the use of a single dose ALB orMBZ, the current
strategy misses altogether any therapeutic activity against this nematode.
Inclusion of S. stercoralis in the MDA strategy will require a change to the
regimen. The current drug of choice for strongyloidiasis is IVM [20].
Based on the concerns outlined above, new anthelmintic drugs or drug

combinations are considered a priority to increase the effectiveness of current
interventions, widen the spectrum to include S. stercoralis, and lower the risk of
anthelmintic resistance [21].

Pharmacology

As a chemical group, avermectins include a closely related 16-members macro-
cyclic lactone compounds (e.g1,. IVM, doramectin, abamectin, etc.) naturally
produced by soil actinomycetes from the genus Streptomyces [22]. Fermentation
of Streptomyces avermitilis produces four-related compounds named avermectin
A1, A2, B1, and B2, which are further divided into different major and minor
components. The major components are called A1a, A2a, B1a, B2a, and the less
abundant as A1b, A2b, B1b and B2b. This particular nomenclature indicates a
methoxyl (A) or hydroxyl (B) group at C5, a double (1) or single (2) bond
between C22 and C23, and a secondary butyl group at C25 (a) or a single bond
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with and hydroxyl group at C23 (b) [23]. Avermectin components are often
commercialized as amixture of “a” and “b” components. For example, IVM (22,
23-dihydroavermectin B1), the first commercially available macrocyclic lactone
compound, is a mixture of not less than 80% of component “a” (B1a), and not
more than 20% of component “b” (B1b), produced by the selective hydroge-
nation of avermectin B1. The notable success of IVM in veterinarymedicine was
based on a set of remarkable pharmacological properties: high efficacy, broad
spectrum (endo and ectoparasites), high potency, low toxicity, long persistence,
unique mode of action, and the possibility of being used by different routes of
administration. Together, these propertiesmade IVM themost widely used drug
in the history of veterinary medicine worldwide [24].

Pharmacokinetic characteristics

The clinical efficacy of antiparasitic drugs is closely related to their affinity for a
specific receptor (site of action), and also on the kinetic properties that facilitate
achievement of effective drug concentrations at the site of action. The physico-
chemical properties of IVMdetermine their systemic concentration and the time
of parasite exposure explaining, at least in part, the excellent efficacy and
persistent activity of this compound [25]. IVM is a high molecular weight and
highly lipophilic compound, exhibiting very low water solubility. Once
absorbed, IVM is distributed throughout the body and reaches the different
tissues to exert its antiparasitic effect (Table 1). Drug reaching lung and gastro-
intestinal mucosa/fluids explain the activity against lung and gastrointestinal
nematodes, including adults as well as developing and hypobiotic stages [26]. A
strong correlation between plasma and tissue (including gastrointestinal mu-
cosa, lung, and skin) concentration profiles has been observed after its subcu-
taneous administration to cattle [27]. Concentrations attained in the tissues
depend on the ability of the drug to penetrate capillary endothelium and diffuse
across cell membranes, where lipophilicity plays a key role. An IVM plasma
concentration between 0.5 and 1 ng/mL has been reported in cattle as the

Table 1. Main plasma pharmacokinetic parameters obtained for ivermectin (IVM) administered to different animal species
including human

Animal
species

Dose
(mg/kg)

Administration
route

Pharmacokinetic parameters
AUC
(ng.d/mL)

Cmax
(ng/mL)

Tmax (d) T½el (d)

Cattle [25] 0.20 Subcutaneous 459 ± 47.4 42.8 ± 3.83 4.00 ± 0.94 17.2 ± 4.26

Sheep [31] 0.20 Oral 20.8 ± 12.3 8.67 ± 2.18 0.83 ± 0.26 1.57 ± 0.13

Goats [32] 0.20 Subcutaneous 61.8 ± 23.7 18.6 ± 6.02 0.87 ± 0.30 1.71 ± 0.64

Horses [33] 0.20 Oral 108 ± 10.9 30.1 ± 6.78 0.33 ± 0.33 5.48 ± 2.10

Pigs [28] 0.30 Subcutaneous 127 ± 6.89 39.6 ± 3.84 0.94 ± 0.16 3.80 ± 0.19

Dogs [34] 0.20 Subcutaneous 237 ± 41.5 116 ± 10.8 0.23 ± 0.09 3.32 ± 1.56

Humans [35] 0.20 Oral 39.0 ± 15.9 44.6 ± 18.0 0.17 ± 0.04 4.01 ± 1.40

AUC, area under the plasma concentration vs. time curve; Cmax, peak plasma concentration; Tmax, time to the Cmax; T½el, elimination half-life
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minimal drug level required for optimal anthelmintic activity for most
gastrointestinal/lung nematodes [28]. The disposition of IVM is characterized
by their long persistence in the body and large volume of distribution, the
significant effects of formulation and/or route of administration on their bio-
availability, and the large interspecies and interindividual variations [29]. In
most species IVM undergoes little metabolism and most of the dose is excreted
unchanged in the feces (90%) with G 2% excreted in urine. Bile is the main
route of excretion, with P-glycoprotein (P-gp) present in biliary canaliculi
contributing to the drug’s high fecal excretion [30].

Among different factors, it has been demonstrated that dose increment,
route of administration, and body composition, all affect IVM systemic distri-
bution in animals. IVM absorptionwas described to be proportional to the dose
administered in ruminants [31]. Dose increments resulted in significantly
enhanced drug efficacy against a resistant isolate of the abomasal (abomasum
is the true stomach of ruminants) nematodeHaemonchus contortus [31]. Macro-
cyclic lactones are reversibly exchanged between the bloodstream and the
gastrointestinal tract [27]. The enhanced drug concentrations associated to the
increasing doses account for gastrointestinal nematodes being exposed to toxic
drug concentrations for extended periods of time. In humans, the systemic
exposure of IVM (expressed as area under the concentration vs time curve
(AUC) and peak concentration (Cmax), also resulted in increases after dose
increment [35•, 36]. However, the impact that drug concentration increment
related to the dose may have on the IVM effectiveness against endo and
ectoparasites need to be determined. In any case, if efficacy studies are not
accompanied by pharmacokinetic data, the high interindividual variability
observed in humans [35•], may mask the effect associated with increased
parasite exposure.

Shortly after its introduction into the veterinary market, when nematode
susceptibility to IVM was high, equivalent efficacies against gastrointestinal
parasites were observed after subcutaneous and oral administration [37]. How-
ever, in the presence of resistant nematodes, an improved efficacy of different
macrocyclic lactone compounds has been reported after the oral compared to
the subcutaneous treatment [33, 38–41]. Significantly higher IVM concentra-
tion profiles in the abomasal content and inH. contortusweremeasured after the
oral treatment compared to the subcutaneous injection [40]. The transcuticular
diffusion is the main route of access for different lipophillic substances, includ-
ing IVM in gastrointestinal nematodes [42, 43]. Two major determinants of the
rate of transfer across the nematode cuticle are drug lipophilicity [44] and
concentration gradient [45]. Thus, the increased parasite drug exposure could
explain the oral dose-related enhanced efficacy. In humans, IVM is mainly
administered by the oral route. However, off-label subcutaneous administra-
tion has been used in patients suffering Strongyloides hyperinfection [46, 47].

Pharmacodynamic characteristics

IVM induce reduction in motor activity and paralysis in both, arthropods and
nematodes. In nematodes, the paralytic effect can be observed on the pharynx
and also the somatic musculature. These effects are mediated by its allosteric
binding that irreversibly opens the glutamate (Glu)-gated chloride ion channel
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receptor [48], mainly expressed in nematodes’ neurons and muscle cells [49].
IVM can also activate others ligand-gated chloride channels as the gamma-
aminobutyric acid (GABA) and glycine (Gly) receptors. The activation of GABA
and Gly receptors requires much higher IVM concentrations than that required
to activate the Glu receptors [50]. For this reason, this receptor constitutes the
main target for macrocyclic lactone compounds. After IVM binding to its
pharmacophore in the ligand-gated chloride channels, the opening of the
chloride ion-selective pore allows chloride influx which hyperpolarizes the
parasite’s cell. This effect inhibits new action potentials, favoring the parasite’s
paralysis. Additionally, using Caenorhabditis elegans [51] or Oesophagostomum
dentatum [52] as nematode models, it has been described that IVM also pro-
duces a profound inhibition in the opening frequency of the sodium channel
nicotinic receptor.

Toxicity

Given at the recommended therapeutic doses, macrocyclic lactones are highly
safe compounds. IVM toxicity in animals occurs associated to high doses and/or
low P-glycoprotein expression in the capillary endothelial cells of the blood-
brain barrier. IVM is a substrate of P-glycoprotein [53], which transports IVM
out of the endothelial cells, protecting the nervous system from the IVM effect
and reducing its toxicity risk. Some Collie dogs can be particularly sensitive to
the toxic effect of IVM, due to a limited P-gp expression at the blood-brain
barrier capillary endothelial cells. Signs of IVM toxicity in different animal
species include neurotoxic signs such as depression, ataxia, mydriasis, saliva-
tion, tremors, convulsions, coma and, eventually, death. All these effects are
likely associated to IVM binding to ligand-gated chloride channels at the central
nervous system [54]. In humans, doses up to 10 times the usual doses in
veterinary practice have been safely administered in healthy volunteers [55].
In patients, toxic effects have been most commonly observed in individuals
infected with high burdens (9 20,000 microfilariae per milliliter of blood) of
Loa loa, in which case, due to the potential severity of the adverse events, IVM is
contraindicated [56, 57]. Pharmacovigilance through the VigiBase system re-
vealed that serious neurological adverse events rarely occur beyond high burden
L. loa infections [58]. Dose finding studies performed in a pediatric trial for the
treatment of T. trichiura infections in Ivory Coast, demonstrated that regimens
of 200, 400, and 600 μg had adverse event rates similar to placebo in terms of
type, frequency, and severity [59••]. This raises hope in the search of regimens
with improved efficacy using combination therapy coupled with higher doses
of IVM and even multiple-day regimens [60]. Doses of 400 μg/kg have been
tested in clinical trials to evaluate treatment for head lice in children. This
dosage was well tolerated, although 1.8% of participants (7 of 398)
discontinued treatment because of adverse events (similar to the control group
receiving 0.5% malathion lotion) [61].

Uses in veterinary medicine

IVM was introduced in the early 80’s into the veterinary pharmaceutical market
as an injectable formulation (Ivomec®, Merck & Co.). In cattle, the animal

Ivermectin for the Treatment of Soil-Transmitted Helmithiases Krolewiecki and Alvarez 257



species in which IVM has been most extensively used, provided high level of
efficacy (≥ 95%) and persistent (2–3 weeks) activity against gastrointestinal
and lung nematodes (adult and immature stages, including hypobiotic larvae)
[62]. Additionally, IVM is effective against economically important ectopara-
sites such as sucking lice, mites, and grubs [62]. IVM is not active against
cestodes and trematodes. While in pigs IVM efficacy (0.30 mg/kg) against
Trichuris suis was only 80% [62], in dogs a high efficacy (9 99%, 0.20 mg/kg)
was reported against Trichuris vulpis [63], and at a lower dose (0.006 mg/kg)
given at 1 month interval, is recommended for heartworm (Dirofilaria immitis)
prevention. It has been also used against different endo and ectoparasites of
laboratory, non-traditional, and exotic mammals, birds, fish, and reptiles.

Resistance

In animal production, the increasing selection pressure on the gastrointestinal
nematodes after several years of intensive use of IVM favors the development of
anthelmintic resistance. Resistance to IVM and to other related macrocyclic
lactones is widespread, mainly in nematodes of sheep and goats but also in
cattle [64]. Results of a study conducted on 62 beef farms in Argentina showed
that resistance to IVM was present in 95% of the farms [65]. Despite the
relevance of the IVM resistance phenomenon in ruminant nematodes, its
genetic basis is poorly understood [66]. ATP binding-cassette (ABC) trans-
porters have been proposed as non-target mechanisms of IVM resistance. For
example, induction of P-gp expression in response to IVM treatment helps to
explain nematode resistance to the macrocyclic lactones [67, 68]. Upregulation
of transporter proteins increases drug elimination, protecting the parasite from
its pharmacological effect.

In this context, MDA programs used to reduce parasite prevalence in human
communities could be associated with the development of drug resistance. It is
important to note that a high frequency of anthelmintic treatments increase the
selection pressure favoring the emergence of drug resistance. For example, it has
been reported that owners of cattle herds with presence of anthelmintic resis-
tance treat animals at least four times per year, which is 2.1 times more than the
treatments applied to herds harboring non-resistant nematodes [69]. With
humanMDA campaigns occurring just once or twice a year and targetingmostly
school-aged children, the pressure for the selection of resistant parasites is
significantly lower.

A new era for IVM

Usually called “the wonder drug”, IVM has been shown to have: (i) an unusu-
ally broad antiparasitic spectrum; (ii) a wide therapeutic index; and (iii) a novel
mode of action, lacking cross-resistance with any commonly used anthelmintics
[19]. IVM is recognized as a safe antiparasitic medicine approved for the
treatment and control of human strongyloidiasis and scabies [5, 70], and has
been safely used for decades in MDA campaigns for onchocerciasis and lym-
phatic filariasis (LF) [3••]. As an endectocide drug, IVM is also capable of killing
arthropods, including some mosquito species of importance in human medi-
cine, which has prompted its use in clinical trials for malaria control [71, 72].
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This activity against ectoparasites has also been observed in its efficacy for the
treatment of Pediculus humanus or head lice [61]. This renewed interest in taking
advantage of IVM as a tool for disease control beyond the original indications
and uses is also defining more ambitious public health goals of disease elim-
ination. This is the case of LF, where a triple drug regimen of ALB/IVM-
diethylcarbamazine (DEC) has demonstrated in clinical trials its superior effi-
cacy, which prompted its recommendation in themost recent WHOGuidelines
for the treatment of LF [73, 74]; and also for STH. Mathematical modeling
exercises suggest that transmission interruption goals would be feasible with the
incorporation of IVM to benzimidazole regimens [75].

In terms of innovations, IVM also offers opportunities through its pharma-
cokinetic and pharmocodynamic properties; with millions of doses distributed
and all the successes already experienced, it should be noticed that this drug
offers opportunities for improvements that could facilitate its use. Starting from
its potency, which allows dosing at the μg per kg range and its safety profile,

Table 3. Efficacy of different anthelmintic drugs and drug combinations in selected randomized clinical trials against STH

Ascaris lumbricoides
Site Outcomes PLA ALB MBZ IVM200 ALB/IVM ALB/DEC DEC Ref.
Haiti CR 37 98 94 100 [82]

ERR 33 100 100 100

Philippines CR 70 78 78 78 24 [84]
ERR 93 94 100 97 34

China CR 99 100 [85]
ERR 99 100

Pemba CR 96 98 [87]
ERR 100 100

PLA, placebo; ALB, albendazole 400 mg; MBZ, mebendazole 500 mg; IVM100, ivermectin 100 μg/kg; IVM200, ivermectin 200 μg/kg; DEC,
diethylcarbamazine

Table 4. Efficacy of different anthelmintic drugs and drug combinations in selected randomized clinical trials against STH

Hookworms
Site Outcomes PLA ALB ALB × 3d MBZ IVM200 ALB/IVM Ref.
Zanzibar CR 88 0 [81]

ERR 99 0

Haiti CR 13 100 64 100 [82]
ERR 49 100 92 100

China CR 70 33 [85]
ERR 90 80

Pemba CR 24 50 [87]
ERR 60 95

PLA, placebo; ALB, albendazole 400 mg; ALB × 3d, albendazole 400 mg for 3 days; MBZ, mebendazole 500 mg; IVM200, ivermectin 200 μg/kg
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these are features that could potentially allow its co-formulation with other
drugs without significant increases in pill size. This could lead to, a change in
the prescription strategy into a fixed dose independent of body weight, very
much like what is being applied for ALB or MBZ, among other drugs (such
change, however, would imply using larger amounts of IVM). On this line, our
group has demonstrated the safety and wide therapeutic range of IVM in a study
with 54 healthy adult volunteers who received sequentially 200 μg/kg, a fixed
dose of 18 mg and a fixed dose of 36 mg (using 18 mg IVM tablets) with no
differences in type or severity of adverse events with doses of up to 700 μg/kg
[35•].

IVM is currently manufactured for human use in oral formulations (tablets)
of 3 or 6 mg. The initiative to develop an alternative dosing regimen for IVM in
a fixed dose is based on the following concepts:

& IVM has demonstrated a wide therapeutic index, with hundreds of mil-
lions of doses ready distributed (at regular dosing) without toxicity issues
[76].

& Current dosing strategies against onchocerciasis are based on the lack of
increased efficacy with higher doses, but not due to toxicity issues [77].

& High doses of IVM have been tested in other studies and have shown an
excellent safety profile: in adults, doses up to 10 times the 200 μg/kg have
been tested in a small group of participants and showed the same rate of
adverse events as placebo [55].

The case for including IVM in STH control

A recent report of theWHOExpert Committee on Selection andUse of Essential
Medicines acknowledged the favorable benefit-to-harm ratio of IVM and its
potential public health impact in the treatment of STH, including S. stercoralis
[78]. The report concluded that the evidence demonstrates IVM to be a highly
efficacious treatment of S. stercoralis and that a regimen combining IVM with
ALB or MBZ provides improved efficacy against T. trichiura. The evidence
supporting the case of IVM in STH is accumulating through observational
studies in areas where IVM has been used against onchocerciasis as in Ecuador,
where Anselmi et al retrospectively identified significant reduction in the prev-
alence of strongyloidiasis after several years of MDA of IVM for onchocerciasis
[79]. However, these observations have not been consistent throughout regions

Table 5. Efficacy of different anthelmintic drugs and drug combinations in selected randomized clinical trials against STH

Strongyloides stercoralis
Site Outcomes ALB × 3d MBZ IVM200 IVM200 × 2 ALB/IVM Ref.
US/refuge CR 100 95 [88]

Zanzibar CR 45 83 [81]

Pemba CR 86 100 [87]

ALB × 3d, albendazole 400 mg for 3 days; MBZ, mebendazole 500 mg; IVM100, ivermectin 100 μg/kg; IVM200, ivermectin 200 μg/kg
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where unaccounted factors such as drug coverage and water and sanitation
interfere with accurate assessments of efficacy and effectiveness, making it
impossible to demonstrate significant impact [80]. The stronger evidence is,
however, originating from randomized clinical trials where in controlled envi-
ronments, different regimens are compared and evaluated for safety and efficacy
(Tables 2, 3, 4, and 5).

The superior efficacy of combined regimens of IVMwith ALB orMBZ against
T. trichiura has been the conclusion of a recent meta-analysis based on an
analysis of four clinical trials that fulfill the criteria for inclusion in the analysis,
revealing that compared with ALB alone, the use of ALB/IVM rendered a risk
ratio of 0.44 (95% confidence interval 0.31–0.62); for A. lumbricoides and
hookworms, the superiority of the combination regimen was not demonstrated
[89•]. Another clinical trial performed in Ivory Coast looking at the efficacy of
IVMmonotherapy against T. trichiura found a poor efficacy of regimens of up to
600 μg/kg [59••].

The current use of IVM is restricted to individuals weighing ≥ 15 kg. This
limitation, which is not based on evidence demonstrating either lack of efficacy
or added toxicity, represents an obstacle in two different aspects of public
health: (1) Excludes significant groups of the at-risk population from the
benefits of IVM; (2) By lowering the absolute coverage of the interventions, it
decreases the likelihood of transmission interruption and disease elimination;
highlighting the need to collect evidence on PK, safety, and efficacy in the
younger age population.

The sub-optimal efficacy of IVM against T. trichiura and hookworm could be
related, at least in part, to a low exposure to IVM. There are two potential routes
of drug entry into gastrointestinal nematodes, the oral ingestion or the
transcuticular diffusion. Since hookworms feed on blood, systemic drug con-
centrations could be relevant in order to predict activity. However, it has been
demonstrated that even for hematophagous sheep nematodes such as
Haemonchus contortus, the main route of IVM and ALB entry is by transcuticular
diffusion from the abomasal fluid [31] . Altogether, these findings confirm the
relevance of the transcuticular absorption process as a main route of drug entry
into gastrointestinal nematodes. Therefore, drug concentration achieved in the
gastrointestinal fluids or in the mucous layer of gastrointestinal mucosa deter-
mines the amount of drug reaching the parasite and, consequently, drug effi-
cacy. The anthelmintic activity could theoretically be improved by increasing
the active drug concentrations at the site of parasite location. The uses of higher
and/or repeated doses are two basic strategies to increase parasite exposure to
IVM. In the area of veterinary medicine, an improved efficacy against an IVM-
resistant H. contortus isolate was associated to dose increments [31].

Conclusion

It is becoming apparent that IVM is a significant tool for the control of STH, the
sameway it has proved crucial for other NTDs. Research gaps being filled for the
understanding of antiparasitic efficacy and overall safety, need complementary
efforts to better understand its safety in groups particularly vulnerable to these
infections, such as young children and pregnant women. Coupled with the
above, and in view of the growing list of indications for IVM, a deeper proper
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understanding of the interactions between the drug’s demand and supply is
necessary in order to achieve the ultimate goal of improving health indicators in
communities affected by STH and other diseases related to poverty.
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