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a b s t r a c t 

Approximately 250 million people have been using ivermectin (IVM) annually to combat many parasitic 

diseases including filariasis, onchocerciasis, strongyloidiasis, scabies and pediculosis. Many clinical stud- 

ies have proven its efficacy against these diseases and have reported the optimum dose and duration 

of treatment. Moreover, its antiparasitic range has increased to cover more parasitic infections, but it 

still requires further exploration, e.g. for trichinosis and myiasis. Furthermore, IVM showed high efficacy 

in killing vectors of disease-causing parasites such as mosquitoes, sandflies and tsetse flies. The World 

Health Organization (WHO) has managed many control programmes involving the use of IVM to achieve 

elimination of onchocerciasis and lymphatic filariasis and to reduce malaria transmission. However, IVM 

is not exempt from the possibility of resistance and, certainly, its intensive use has led to the emergence 

of resistance in some parasites. Recent research is investigating the possibility of novel drug delivery sys- 

tems for IVM that increase its potential to treat a new range of diseases and to overcome the possibility 

of drug resistance. This review highlights the most common human uses of IVM, with special reference 

to the new and promising properties of IVM. 

© 2019 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 
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1. Introduction 

Campbell and Omura were awarded the 2015 Nobel Prize in

Physiology or Medicine for their discoveries regarding avermectin

[1] . The avermectins were discovered in 1967 in fermentation

broth of an actinomycete culture in Japan [2] . It was then found

that avermectins are produced by Streptomyces avermitilis in the

soil [3,4] . The avermectins are a class of macrocyclic lactones (MLs)

with nematocidal, acaricidal and insecticidal activities [2] . MLs, in-

cluding the avermectins, have gained a valuable therapeutic role

since the 1980s as antiparasitic drugs for animals and humans [5] .

The first avermectin drug was introduced as a veterinary drug

by Merck & Co. in 1981 [6] , and new formulations of ivermectin

(IVM), a derivative of avermectin, were released almost every year.

There was very little motivation to produce IVM for the human

health market until its efficacy against filarial nematodes was

shown. IVM was first registered as a human drug under the brand

name Mectizan 

® in 1987 and was first used to treat onchocercia-

sis in humans in 1988 [7] . IVM was the only member of the MLs

approved for human use until the recent approval of moxidectin

by the US Food and Drug Administration (FDA) in June 2018 for

the treatment of onchocerciasis in humans [8] . They have been la-

belled as ‘wonder drugs’ [9] . 
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IVM is a derivative of naturally-produced avermectin B 1 , com-

rised of approximately 80% 22,23-dihydro-avermectin B 1a (molec-

lar weight, 875.10 g/mol) and approximately 20% 22,23-dihydro-

vermectin B 1b (molecular weight, 861.07 g/mol) [10] . Oral IVM is

he only licensed route of administration for human use, although

t has been given successfully subcutaneously and topically [11,12] .

IVM is incompletely absorbed following oral administration,

ith a peak plasma concentration achieved in approximately 4 h.

ral IVM is available in different forms, i.e. solution, tablets or cap-

ules, however the solution has approximately twice the systemic

vailability compared with the solid forms (tablets and capsules).

wing to the high lipid solubility of IVM, its administration follow-

ng a high-fat meal increases its bioavailability by approximately

.5-folds [5] . IVM is metabolised in human liver microsomes by

 cytochrome P450 (CYP) enzyme, converting the drug to at least

0 metabolites, mostly hydroxylated and demethylated derivatives

13] . IVM and its metabolites are excreted mainly in the faeces in

bout 12 days. Only small amounts ( < 1%) are excreted in urine.

he plasma half-life of IVM ranges from 9.8–14.3 h and about 3

ays for the metabolites [5] . 

IVM is an endectocide, i.e. active both against endoparasites and

ctoparasites. Beside filarial nematodes, IVM is effective against a

umber of soil-transmitted helminths, myiasis and scabies. Since

ts discovery, the antiparasitic uses of IVM have increased and con-

inue to accumulate [1] . 

This review highlights the most common clinical uses of IVM,

ith special reference to the promising impact of IVM against
rved. 
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ther parasitic infections as well as the new formulations of IVM

nd their progress in the field. 

. Mechanism of action 

MLs affect various life stages of many nematode and arthro-

od species, which can be attributed to modulation of the Cys-

oop family of ligand-gated ion channels including glutamate-gated

hloride channels (GluCls) [14] . IVM increases chloride conduc-

ance resulting in a long-lasting hyperpolarisation and less forma-

ion of action potentials and blocking of further functions [15] .

t affects the motor neurons, interneurons and pharyngeal muscle

ells leading to general locomotor paralysis, and also affects feed-

ng via inhibition of pharyngeal pumping [16] . GluCls have recently

een characterised in Anopheles gambiae mosquitoes, where they

re predominantly expressed in the motor and sensory systems,

hich explains the reduced fertility and paralytic effects even at

ublethal drug concentrations [14,17] . 

Many studies have shown that the activity of IVM may not be

imited strictly to the neurophysiology of parasites but may also

nfluence the host immune response [18] , which may be an es-

ential part of IVM’s action. Moreno et al. identified ML receptor

ites (a subunit of AVR-14 GluCls) in microfilariae of Brugia malayi

19] . These receptors are located exclusively close to the excretory–

ecretory (ES) apparatus. It was found that MLs induced a decrease

n ES protein release from microfilariae and juvenile filariae as well

s uterine fluid secretion from adult worms. ES proteins have im-

unomodulatory properties that allow the parasite to evade the

ost’s innate immune system. Therefore, under the effect of MLs,

he microfilariae and worms are recognised as foreign entities, fol-

owed by a systemic immune response capable of clearing the par-

site with development of a memory response affecting new fi-

arial infections [19–22] . Moreover, Sajid et al. demonstrated the

mmunostimulatory effect of IVM at therapeutic doses [23] . IVM

reatment activates neutrophils and increases C-reactive protein

nd interleukin-6 (IL-6) levels in onchocerciasis patients [24,25] .

imilarly, Vatta et al. showed that the in vitro serum-dependent

dherence of peripheral blood mononuclear cells and neutrophils

rom dogs to Dirofilaria immitis microfilaria is increased by incuba-

ion with IVM [26] . 

Furthermore, the host immune response is required for full ac-

ivity of MLs, as suggested from the higher efficacy observed in

ivo as well as differences between the concentrations required in

itro and in vivo . It has been found that the efficacy of IVM is de-

reased in the treatment of patients co-infected with human T-cell

ymphotropic virus type 1 (HTLV-1) and strongyloidiasis, mainly

ue to impairment of the Th2 immune response against Strongy-

oides stercoralis induced by the effect of HTLV-1, such as decreased

L-4 and IL-5 and lower levels of serum immunoglobulin E (IgE).

hus, it is likely that the efficacy of the drugs depends on an in-

act immune response [27] . 

. Current clinical uses of ivermectin 

IVM use has increased worldwide to overcome many parasitic

iseases infecting millions of people, such as strongyloidiasis (in-

ecting about 100 million people) and onchocerciasis (infecting

bout 18 million people) [28] . 

.1. Lymphatic filariasis 

Lymphatic filariasis is a mosquito-borne disease affecting ap-

roximately 120 million people worldwide, with approximately 36

illion infected individuals seriously incapacitated or disfigured.

ymphatic filariasis is caused by either Wuchereria bancrofti in the

ropics and subtropics or by B. malayi and B. timori in Southeast
sia [29,30] . These infections lead to lymphatic dysfunction result-

ng in progressive and irreversible swelling of the limbs, breasts

nd genitals [31] . 

Yates and Wolstenholme [32] and Ottesen et al. [33] demon-

trated that IVM produced an initial considerable decrease in lev-

ls of circulating microfilariae, followed by long-term suppression

f their production. The standard treatment is 150–200 μg/kg body

eight. At these doses, the main actions are killing of microfilariae

nd long-term sterility of adult worms [22] . 

Interestingly, antibiotics such as doxycycline have been shown

o increase the concentration of MLs in host cells [34] . A com-

ination of doxycycline and IVM provides antifilarial effectiveness

f approximately 80% compared with 9% for treatment with doxy-

ycline alone [35,36] . Doxycycline, a macrofilaricidal drug, targets

olbachia bacterial endosymbionts that are crucial for the survival

f adult filarial worms [37] . 

The Global Programme to Eliminate Lymphatic Filariasis (GPELF)

n endemic areas includes IVM in its mass drug administration

MDA) strategy to prevent the spread of infection. A combination

f 150 μg/kg body weight IVM plus 400 mg albendazole is ex-

ected to reduce microfilariae, thus decreasing infection of the in-

ermediate mosquito host [38] ( Table 1 ). Recently, a single dose of

riple therapy with IVM, diethylcarbamazine and albendazole was

pproved and was shown to be superior to other elimination pro-

rammes for lymphatic filariasis [40] . 

.2. Onchocerciasis 

Onchocerciasis is caused by the filarial worm Onchocerca volvu-

us through the bite of Simulium vector flies (so-called blackflies).

his infection causes irreversible eye damage such as sclerosing

eratitis and iridocyclitis and finally blindness, thus this disease

s also known a ‘river blindness’. It is one of the most important

auses of infectious blindness worldwide, second to trachoma [41] .

t has been estimated that approximately 18 million people are in-

ected by O. volvulus and approximately 120 million people are at

isk worldwide [42] . 

In cases of onchocerciasis, IVM rapidly decreases the number of

icrofilariae in the skin, thus reducing patient morbidity and pre-

enting transmission to a subsequent vector [43] . Moreover, IVM

auses long-term sterility of female worms, which eliminates the

icrofilariae population for several months. The highest microfila-

icidal effect is at 30 days post-treatment. However, IVM does not

ill the adult worms [22,44,45] . 

The recommended dose for treatment of onchocerciasis in en-

emic areas is a single oral dose of 150 μg/kg IVM every 6–12

onths [44] . Since IVM has been used in the annual mass treat-

ent of onchocerciasis in endemic areas, a reduction in the trans-

ission and prevalence of infection was reported [46] ( Table 1 ). 

Similar to lymphatic filariasis, treatment with doxycycline and

VM is believed to cause microfilarial death by IVM and macrofi-

arial death by doxycycline. Thus, this combined approach allows

he control of onchocerciasis whereby all stages of the worm’s life

ycle can be targeted [4 8,4 9] . 

.3. Strongyloidiasis 

Strongyloidiasis is caused by infection with S. stercoralis , which

s acquired through direct contact with contaminated soil. Approx-

mately 30–100 million people are infected worldwide. Strongy-

oidiasis usually presents with mild symptoms, however it may be

evere and life-threatening in cases of immunodeficiency [50,51] . 

IVM is the drug of choice for treatment of strongyloidiasis.

atou et al. assessed the effect of IVM against Strongyloides lar-

ae and found that IVM caused a satisfactory decrease in their

iability [52] . The recommended dose is subcutaneous injection
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Table 1 

Mass drug administration (MDA) of ivermectin (IVM) in control programmes. 

Programme Organisation Disease Mode of IVM 

administration 

Year Area Progress Reference 

Global Programme 

to Eliminate 

Lymphatic 

Filariasis (GPELF) 

World Health Organization 

(WHO) 

Lymphatic 

filariasis (LF) 

Alb + IVM 

or 

Alb + DEC 

once/year for ≥5 years 

20 0 0 Americas China and the Republic of Korea have 

eliminated LF in 2007 and 2008, 

respectively. 

Of 73 countries endemic for LF, 18 

countries have completed 

interventions. 

Mass treatment is ongoing in 45 

countries. 

An additional 22 countries had 

delivered MDA in all endemic areas 

and are also on track to achieve 

elimination. 

The remaining 33 countries have not 

been able to achieve 100% 

geographical coverage. 

Ten countries must initiate preventive 

chemotherapy or submit evidence 

that MDA is not required. 

[39] 

Onchocerciasis 

Elimination 

Program for the 

Americas (OEPA) 

Pan American Health 

Organization (PAHO) 

Onchocerciasis Biannual IVM + vector 

control 

1992 America (13 areas in 6 

countries; Colombia, 

Guatemala, Mexico, 

Brazil, Ecuador and 

Venezuela) 

All 13 foci in this region achieved 

coverage of > 85% in 2006. 

Eliminate blindness caused by the 

disease in 13 areas. 

Successful interruption of transmission 

in 11 of 13 areas in 2017. 

[47] 

African Programme 

for 

Onchocerciasis 

Control (APOC) 

Non-governmental 

development organisations 

Onchocerciasis Biannual IVM 1995–2010, then 

extended until 

2015 

Africa (19 countries; 

Angola, Burundi, 

Cameroon, Central 

African Republic, 

Chad, Congo, 

Democratic Republic 

of Congo, Ethiopia, 

Equatorial Guinea, 

Gabon, Kenya, 

Liberia, Malawi, 

Mozambique, Nigeria, 

Rwanda, Sudan, 

Tanzania and 

Uganda) 

More than 119 million people treated. 

Many countries greatly decreased the 

morbidity associated with 

onchocerciasis. 

More than 800 000 people in Uganda 

and 120 0 0 0 people in Sudan no 

longer required IVM. 

[47] 

Australian MDA for 

scabies 

Australian New Zealand 

Clinical Trial Register 

(ANZCTR 126090 0 0654257) 

approved by Northern 

Territory Department of 

Health and Menzies School 

of Health Research 

Scabies Two oral doses delivered 

12 months apart 

2010–2011 Australia Scabies prevalence reduced in the 6 

months after each MDA (overall 

prevalence 1–3%) with a low risk of 

acquisition (1–2%). 

[83] 

Alb, albendazole; DEC, diethylcarbamazine. 
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f 200 μg/kg/day for 2 days [53,54] . To confirm recovery from

trongyloidiasis, at least three stool samples should be examined

ver the next 3 months after treatment. If any larvae are observed,

e-treatment with IVM is indicated [55] . IVM treatment should

e continued for 5–7 days in the case of hyperinfection and dis-

eminated disease. For immunocompromised patients, treatment

hould be repeated monthly for ≥6 months [56] . In cases of refrac-

ory strongyloidiasis, longer-term IVM combined with albendazole

as been effective [57] . 

.4. Trichinellosis 

Trichinellosis (also called trichinosis) is a zoonotic disease

aused by ingestion of Trichinella -infected undercooked meat from

igs or horses [58] . Human trichinellosis has been documented in

5 countries and it recently became a re-emerging zoonotic dis-

ase with health and economic impacts in developing countries

59,60] . The clinical manifestations are variable and may be se-

ere and even fatal. Trichinellosis usually presents as severe vom-

ting, epigastric pain, diarrhoea, generalised oedema and myalgia.

ife-threatening myocarditis, encephalitis, hypokalaemia or adrenal

land insufficiency may develop [61] . 

Although not yet approved, experimental studies with IVM have

hown promising effects. Soliman et al. reported that IVM was ef-

ective in reducing the adult worm burden of Trichinella spiralis

nd decreased the number of encysted larvae when given 10 days

ost-infection [62] . However, it failed to reduce the number of en-

ysted larvae after they were well established in the diaphragm of

nfected rats. Moreover, Shoheib et al. showed that IVM was highly

fficacious as a treatment for T. spiralis infection and as a control

gent that might prevent further infection if the treated animal

ost meat is ingested since IVM affects the subsequent infectivity

f T. spiralis larvae [63] . 

.5. Ectoparasite infestation 

IVM has been shown to be effective against ectoparasites in vet-

rinary medicine. Clinicians have explored using IVM for human

ctoparasites, specifically for head lice and scabies. 

.5.1. Pediculosis 

Lice infesting humans include the head louse ( Pediculus hu-

anus capitis ), the body louse ( Pediculus humanus humanus ) and

he pubic louse ( Pthirus pubis ). Pediculosis is a major health prob-

em in many countries, especially in children of primary school

ge and those of low socioeconomic status [64,65] . Approximately

–12 million cases of infestation are reported annually in the USA

mong children aged 3–12 years [66] . 

The effectiveness of IVM has been compared with other prod-

cts in many clinical trials and showed encouraging results for the

reatment of head lice [67,68] . In a cohort of homeless subjects

n Marseilles, France, an 85% prevalence of body lice was reduced

o 19% with administration of three doses of 12 mg of oral IVM

or each participant at 7-day intervals [69] . IVM does not have di-

ect ovicidal activity but all of the hatched nymphs died when ova

ere exposed to topical 0.5% IVM lotion for 10 min [70] . However,

ts potential resistance was demonstrated in laboratory conditions

71] . The recommended dose differs according to the type of lice

nfestation; for P.h. capitis , oral IVM 400 μg/kg/dose every 7 days;

or P.h. corporis , oral IVM 200 μg/kg/dose every 7 days; and for P.

ubis , oral IVM 250 μg/kg/dose every 7 days or 250 μg/kg/dose ev-

ry 14 days. A significant number of patients require a second dose

o ensure complete eradication [11,72] . Oral IVM given twice at a

-day interval in clinical trials showed that lice had been elimi-

ated from 95.2% of subjects, which is more effective than topical

.5% malathion lotion [73] . 
The FDA approved the use of 0.5% IVM lotion containing olive

il and Shea butter for the treatment of head lice infestations in

atients aged ≥6 months. It has an emollient effect that is helpful

n reducing pruritus [74] . 

.5.2. Scabies 

Scabies is infestation of the skin of the human host by the

arcoptes scabiei mite through skin-to-skin contact. The worldwide

revalence is estimated to be 100 million people. The main mani-

estation is severe pruritis, especially at night [75,76] . 

Oral IVM is effective for treating people with classical or

rusted scabies. In classical scabies, a single oral dose of 200 μg/kg

VM is used [77] . In crusted scabies it is recommended to use mul-

iple doses of oral IVM and/or IVM in combination with topical

herapy such as 5% permethrin [78] or 15% benzyl benzoate so-

ution [79] . Nofal used three oral doses of 200 μg/kg IVM 2 weeks

part combined with topical therapy (5% permethrin and 5% sal-

cylic acid) with no failure rate [80] . IVM is prescribed for two

ourses to kill mites that have hatched after the first treatment

81] . The ‘whole-body bathing method’ is a novel method that

s expected to improve the safety of IVM. In a clinical trial, in-

ected patients were bathed in a fluid containing IVM at a con-

entration of 150 ng/mL. IVM concentrations in the skin after

athing were > 10 0 0-fold higher than after oral IVM. No adverse

vents and no complaints about other cutaneous symptoms such

s pruritus, redness, inflammation, tingling or dryness were re-

orted. Thus, this method will be a preferable and safe drug deliv-

ry system for topical skin application of IVM compared with oral

dministration [82] . 

It is important to mention that MDA involving IVM for the con-

rol of scabies in Australia showed a significant reduction of its

revalence [83] ( Table 1 ). 

.5.3. Myiasis 

Myiasis is infestation of living tissue of human and other ver-

ebrates by dipterous fly larvae [84] . There is a higher incidence of

yiasis in rural zones and in elderly people who are ill or debili-

ated, especially in the tropics and third world countries [85] . 

Oral IVM 200 μg/kg has been used successfully to treat or-

ital myiasis prior to surgical debridement to prevent destructive

urgery and to reduce the difficulty of mechanical removal of mag-

ots [86,87] . In addition to oral IVM, Puthran et al. used 1% IVM

rops instilled four times a day in the orbit for 1 week to ensure

apid wound healing [88] . IVM was used for the treatment of oral

yiasis orally (150 μg/kg and repeated after 24 h) [85] and subcu-

aneously with phenol mixture as a local measure for the control

f larvae [89] . 

.5.4. Mosquitoes 

Interestingly, IVM is capable of killing mosquitoes that feed

n treated individuals. This property affects the malaria vector

nopheles mosquitoes and reduces malaria transmission [90] . IVM

ight inhibit Plasmodium sporogony in the mosquito and could in-

uence liver schizonts as observed in vitro and in mouse models

91,92] . Moreover, sublethal concentrations of IVM in a blood meal

f treated patients have been reported to decrease the fertility of

nopheles mosquitoes and to reduce the hatching of eggs [17,93] .

n addition to other effects, lesser flight performance and reduced

endency to bite were observed [94,95] . Table 2 summarises the

ifferent clinical uses of IVM. 

. Safety and side effects 

No serious adverse events were reported in patients treated

ith IVM [97] . However, headache, dizziness, muscle pain, nausea

r diarrhoea may occur. Moreover, low IVM levels are detected in
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Table 2 

Clinical uses of ivermectin (IVM). 

Clinical use Dose Route of administration Reference(s) 

Lymphatic filariasis 150–200 μg/kg body weight Oral [22] 

Onchocerciasis 150 μg/kg single dose Oral [44] 

Strongyloidiasis 200 μg/kg/day for 2 days Oral or subcutaneous injection [53,54] 

Enterobiasis a 200 μg/kg single dose followed by a second dose 10 days later Oral [11] 

Trichuriasis a 200 μg/kg daily for 3 days Oral [96] 

Ascariasis a 150–200 μg/kg single dose Oral [96] 

Cutaneous larva migrans a 200 μg/kg daily for 1–2 days Oral [11] 

Gnathostomiasis a 200 μg/kg/day for 2 days Oral [96] 

Lice 

infestation 

For Pediculus humanus capitis , 400 μg/kg/dose every 7 days (2 

doses) 

Oral [72] 

0.5% IVM lotion containing olive oil and Shea butter Topical [74] 

For Pediculus humanus corporis , 200 μg/kg/dose every 7 days (3 

doses) 

Oral [72] 

For Pthirus pubis , 250 μg/kg/dose every 7 days (2 doses) or 250 

μg/kg/dose every 14 days (2 doses) 

Oral [72] 

Scabies 200 μg/kg single dose Oral [77] 

Three doses of 200 μg/kg 2 weeks apart + 5% permethrin and 

5% salicylic acid 

Oral [80] 

Topical 

a Uses are included in clinical guidelines but are not approved by the US Food and Drug Administration (FDA). 
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human breast milk after a single oral dose of 150–250 μg/kg for up

to 14 days. Likewise, studies in experimental animals showed ter-

atogenicity at 400 μg/kg given to the mother [90] . On the other

hand, it was estimated that in Onchocerca -endemic areas, up to

50% of pregnant women in the first trimester are treated with

IVM during MDA campaigns with no adverse effects in the preg-

nancy outcome [98] . However, data demonstrating the cytotoxicity,

genotoxicity and reproductive toxicity are not conclusive and are

based mainly on in vitro trials [99] . Therefore, some exclusion cri-

teria for IVM use have been imposed to avoid adverse effects such

as in children below 15 kg, pregnant women, lactating mothers in

the first week postpartum, the severely ill and those with known

hypersensitivity to the drug [100] . Moreover, little information is

available about IVM treatment in patients aged > 65 years and in

cardiac, renal or hepatic patients regarding the safe dose [90] . 

Furthermore, in mammals IVM acts as an agonist of

gamma-aminobutyric acid (GABA) receptors that are located on

neurons in many central nervous system regions [15] . Therefore,

the neurotoxic effects of IVM are well established in experimen-

tal and veterinary uses [101] . In humans, serious neurological

events such as encephalopathy, confusion, stupor and coma were

reported with IVM treatment for O. volvulus infection in African

countries. Human clinical trials involving IVM reported some

neurological events such as dizziness (2.8%), somnolence (0.9%),

vertigo (0.9%) and tremor (0.9%) in the case of treatment of

strongyloidiasis, and headache (0.2%) in trials for onchocerciasis

treatment [102] . 

However, according to Gardon et al. [103] and Boussinesq et

al. [104] , adverse effects of IVM treatment in Loa loa patients are

probably not due to the direct toxic effect of the drug. The main

factor is probably the dying of L. loa microfilariae, especially if the

parasite burden is high ( > 30 0 0 0 parasites/mL). Central and pe-

ripheral nervous disorders such as encephalopathy, headache, ab-

normal gait and coma have been reported. Some other adverse

events have been reported in other systems, including asthenia,

conjunctival haemorrhage, fever, back pain, urinary incontinence

and psychiatric disorders such as agitation, abnormal behaviour

and personality disorders. However, outside L. loa- endemic areas

the drug is remarkably safe [105] . 

Similarly, other adverse events caused by IVM treatment in on-

chocerciasis are induced by the immune response to dead microfi-

lariae in the body (Mazzotti reaction). The reaction is characterised

by fever, skin rash, tachycardia, lymph node swelling and inflam-

mation of the eye. It is usually mild and transient according to the

intensity of microfilarial infection [106,107] . 
1  
Hypersensitivity reactions caused by oral IVM for scabies treat-

ent were reported due to mass destruction of mites and release

f their antigens [108] . 

Of similar importance is to consider IVM residue in animal

roducts such as meat and milk. Avermectins are used in veteri-

ary medicine to control parasites and they are excreted in the

ilk of cattle with a half-life of IVM in milk varying between 2–

 days up to 23 days following treatment [109,110] . In 2009, the

uropean Union determined the withdrawal periods of the drug

rom meat and other edible tissues by 49 days [111] . Therefore,

or human safety it has been suggested to avoid using meat, milk

nd their products within the abovementioned durations following

reatment of cattle [112] . 

. Potential drug resistance 

Many studies have reported that intensive use of MLs creates a

rug pressure on parasite populations and leads to the emergence

f drug resistance in small ruminants, cattle and some humans.

owever, exploring the mechanisms responsible for this resistance

emains an important challenge today [112,113] . 

Resistance to IVM had been previously found in nematodes in-

ecting animals. Human resistance of O. volvulus to IVM was re-

orted as a suboptimal response to IVM treatment in Sudan [114] ,

ameroon [115] and northern Ghana [116] . However, until now no

onfirmed resistance to IVM in lymphatic filariasis has been re-

orted. Resistance to IVM could be manifested as reduced microfi-

aricidal or antifecundity effects. It has been observed that micro-

lariae remain viable in the uteri of adult worms for 90 days after

VM treatment and can repopulate the skin more rapidly than had

een previously detected. These observations could be indicative

f developing resistance caused by suboptimal IVM doses [117,118] .

espite the common ML structure and similar modes of action on

luCls, resistance to IVM is much more widespread than resistance

o moxidectin in animals [119,120] . 

However, the mechanism of resistance that allow some para-

ites to survive under the effect of IVM treatment is still unclear

nd remains an essential challenge today. The mechanism of re-

istance is suggested to be due to changes in some proteins such

s β-tubulin, protein 60, P-glycoprotein and ATP-binding-cassette

ABC) transporters or to genetic polymorphisms of multidrug resis-

ance gene 1 (MDR1) and CYP3A genes with suboptimal response

o the drug [112,121,122] . In Caenorhabditis elegans , IVM resistance

nvolves simultaneous mutation of three GluCl genes ( glc-1, avr-

4 and avr-15 ) [123] . In addition, mutation of the dyf-7 gene was
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Table 3 

Nano-enabled approaches for enhanced therapeutic efficacy of ivermectin (IVM). 

Nanocarrier system Characteristics Parasite Response Reference 

Lipid nanoparticle High encapsulation capacity of 

99% and the nanoparticles 

were stable over 120 days 

Pediculus humanus capitis Significantly faster mortality response 

due to increased penetration of IVM 

into the cuticle of lice 

[139,140] 

Poly(lactic-co-glycolic acid) High encapsulation capacity of 

74.12%, stable and 

long-circulating 

Brugia malayi Significantly improved the adulticidal 

efficacy of IVM; 36.67% worm 

mortality and 98.97% sterilisation 

[129] 

Amphiphilic polyanhydride nanoparticles High encapsulation capacity of 

100%, confers sustained, 

constant and predictable 

release of IVM 

B. malayi Effectively kills adult B. malayi filarial 

worms 8-fold faster with up to a 

40 0 0-fold reduction in the amount 

of drug used 

[136] 

Chitosan–alginate nanoparticles Entrapment efficiency of IVM 

75.67% with maintained 

sustained release 

B. malayi Significantly improved microfilaricidal 

and macrofilaricidal action 

[138] 
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inked to IVM resistance in C. elegans and Haemonchus contortus

124] . 

Doyle et al. provided an insight into the genomics of IVM re-

ponse, showing that there are population genetic changes associ-

ted with drug selection pressure [125] . Thus, they concluded that

. volvulus populations can be structured due to allele frequency

hange, i.e. because of genetic drift rather than genetic selection of

uboptimal-responder parasites. Several genome-wide sequencing 

nd genetic crossing approaches are now being applied to define

he major mechanism of resistance [126] . 

. Future perspectives and concluding remarks 

Drug delivery systems can affect drug pharmacokinetics, the

uration of its therapeutic effect and toxicity. Innovative drug de-

ivery approaches and formulations such as slow-release formula-

ions, IVM skin patches and IVM-impregnated clothing are being

eveloped [11] . 

IVM nanoformulations can prolong the microfilaricidal action,

hich has a great potential in endemic areas compared with con-

entional treatments mostly due to improvement of poor pharma-

okinetics or bioavailability of the drug [127] or possibly due to

ustained release kinetics or because these systems can overcome

ystemic barriers [128] . In addition, there are many other advan-

ages including fewer side effects, reduced doses and increased pa-

ient compliance [129] . Many experimental studies have been con-

ucted to test the efficacy of different nanocarrier systems. For

xample, improvement in therapeutic efficacy of antifilarial drugs

sing liposomal-based drug delivery systems has been reported

127,130,131] . Liposomal antifilarial drugs improved the macrofilar-

cidal and microfilaricidal activities at lower doses of subcutaneous

VM owing to safe delivery and sustained release of the drug in the

ymphatic system [132,133] . Moreover, IVM delivery through lipo-

omes showed up to five times reduced cytotoxicity [134] . 

Camargo et al. showed that microparticle permeability can be

mproved by the addition of hydrophilic polyvinylpyrrolidone poly-

er, thus increasing IVM release from poly(lactide-co-glycolide)

PLGA) and poly( dl -lactide) IVM-loaded microparticles [135] . IVM-

oaded PLGA or polyanhydride nanoparticles eliminated filarial par-

sites from the circulation with several thousand-fold dose-sparing

ffects because these nanoparticles penetrate and persist in the

orm cuticle and provide sustained release of IVM, in contrast to

oluble drugs alone [129,136] . Thus, nanoparticle formulations re-

ult in enhanced and rapid killing of filarial worms with a signifi-

antly reduced dose [136] . 

Recently, IVM in chitosan–alginate nanoparticles given subcuta-

eously at a suboptimal dose of 100 μg/kg body weight completely

liminated filarial worms at 60 days post-infection in B. malayi -

nfected animals [137] . Table 3 shows different carrier systems for
VM that require further research for safety, biocompatibility, cost

ffectiveness and feasibility for clinical trials. 

In conclusion, IVM is a broad-spectrum antiparasitic agent pri-

arily developed to treat veterinary and human parasites [11] .

ince its discovery, the benefits of IVM in terms of global public

ealth and socioeconomic welfare are endless and continue to ac-

umulate [140] . 
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