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The Coronavirus Disease 2019 (COVID-19) pandemic caused
by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has ignited much research efforts towards repurposing
of existing drugs as possible anti-viral agents in order to
mitigate the adverse health and economic consequences. As a
result, a great deal of dilemma has emerged in appropriate
drug selection based on evidence and good clinical practice
versus the prompt need for safe and effective treatment.
Amidst fear of the pandemic, Ivermectin is being prescribed
off-label for prophylaxis or as adjuvant therapy for COVID-19.

Ivermectin, a semisynthetic derivative of avermectin Bl is a
broad-spectrum anti-microbial drug with anti-helminthic, anti-
bacterial, anti-viral, anti-inflammatory and anti-cancer prop-
erties.” In addition, Ivermectin displays anti-diabetic activities
by reducing blood glucose and cholesterol levels, and also by
improving insulin sensitivity.” It has high lipid solubility and
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good safety profile with lowadverse effects, when administered
orally.® As an anti-helminthic drug, its mechanism of action in
invertebrates mainly involves the opening of glutamate-gated
and gamma aminobutyric acid gated chloride channels, lead-
ing to increased conductance of chloride ions and causing
subsequent motor paralysis in parasites.* The anti-
inflammatory action of Ivermectin is attributed to inhibition
of cytokine production by lipopolysaccharide challenged mac-
rophages, blockade of activation of NF-kappaB, mitogen-acti-
vated protein kinases and p38, and inhibition of toll-like
receptor 4 signalling.>°® The anti-viral properties of Ivermectin
against various RNA and DNA viruses have been demonstrated
in multiple studies. These RNA viruses include dengue, yellow
fever, chikungunya, Zika, Avian influenza A, West Nile, Hendra,
Newecastle, Venezuelan equine encephalitis, Semliki Forest,
Sindbis, Porcine Reproductive and Respiratory Syndrome and
Human immunodeficiency virus type 1. The various DNA vi-
ruses include Equine herpes type 1, BK polyomavirus, pseu-
dorabies, porcine circovirus 2, and bovine herpesvirus.™* With
the outbreak of COVID-19 pandemic, Caly et al. conducted an
in-vitro study and evaluated the anti-viral property of Iver-
mectin against SARS-CoV-2. In this study, single addition of
5 uM Ivermectin to Vero-hSLAM cells 2 h post infection with
SARS-CoV-2 demonstrated ~5000-fold reduction in viral RNA at
48 h.’ The anti-viral mechanism of Ivermectin in COVID-19 is
attributed to inhibition of the importin (IMP) o/ receptor, which
is responsible for transmitting viral proteins into the host cell
nucleus.* A new hypothesis proposes Ivermectin as an iono-
phore which causes ionic imbalance between the external and
internal environment of the viral membrane and consequent
osmotic lysis.® Since significant effectiveness of Ivermectin is
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seen before the virus can adhere to the host cell, it is proposed
that Ivermectin administration may be effective in the early
stages or prevention. In an early systematic review and meta-
analysis which evaluated 4 studies involving 629 patients, the
authors found a significant reduction in mortality and time to
clinical improvement with the use of Ivermectin.® A recent
meta-analysis based on 18 randomized controlled treatment
trials of Ivermectin in COVID-19 have found large, statistically
significant reductions in mortality, time to clinical recovery,
and time to viral clearance. Further, results from numerous
controlled prophylaxis trials report significantly reduced risks
of contracting COVID-19 with the regular use of Ivermectin.’ A
dose of 12 mg twice daily alone or in combination with other
therapy for 5—7 days has been proposed as a safe therapeutic
option for mild, moderate or severe cases of Covid-19 infec-
tion.’® The time to reach maximum plasma concentration of
20-50 ng/ml, after a dose of 6 or 12 mg, respectively is
approximately 4 h. The elimination half-life ranges between 12
and 24 h.' Pharmacokinetic studies in healthy volunteers have
suggested that single dose up to 120 mg of Ivermectin is safe
and well tolerated.'” Although Ivermectin is tolerated well with
few side effects, neurological adverse events of the drug (i.e.
confusion, tremors, seizure, local swelling, vomiting), can occur
rarely and continue for a week. The risk can also be potentiated
by unknown drug—drug interactions.*

Recently, the use of steroids for the management of
COVID-19 has increased drastically following the results of the
RECOVERY trial which found a mortality benefit with the use
of dexamethasone in hospitalized patients who received
either invasive mechanical ventilation or oxygen alone at
randomization.'* Consequently, the side-effects of steroids
are also expected to increase. Apart from the usual known
side effects, a rare, but potentially severe complication of
immunosuppressive therapy is Strongyloides hyperinfection
or dissemination syndrome caused by Strongyloides stercor-
alis.® The current recommended dexamethasone dose from
the COVID-19 Treatment Panel is 6 mg/day (=40 mg of pred-
nisone) for 10 days. In a recent study, the authors reviewed 133
individuals with Strongyloides hyperinfection and found that
an average dose of 40 mg/day of prednisone was associated
with hyperinfection syndrome in 83% of cases.'” Again, it has
been seen that, cases have occurred within 5 days of admin-
istration of the first dose of corticosteroids, following doses as
low as 20 mg of prednisone and following a single dose of
dexamethasone, leading experts to assert that the occurrence
is independent of dose, duration, or route of administration.*®
Due to the high mortality associated with this syndrome and
the availability of inexpensive and effective therapy, Iver-
mectin could be used as a preventive strategy for at risk pa-
tients. For patients with COVID-19 who are, or may become,
candidates for dexamethasone, it is reasonable to consider
presumptive treatment with Ivermectin for moderate-to high-
risk patients not previously tested or treated for Strongyloides.

In the current COVID-19 pandemic, an explosion of skin
diseases like scabies, psoriasis and urticaria have also been
reported.”’ In scabies, permethrin failure has been observed
due to complications in carrying out decontamination mea-
sures or in completing topical treatment as a result of high
hospital bed turnover.'® In such situations, oral treatment

with Ivermectin is considered as the first choice for controlling
infestation."?

While the findings by Caly et al. provide some promise,
several pharmacokinetic factors limit the immediate trans-
lation of their findings, and there is no convincing evidence
that the 5 uM concentration of Ivermectin used in their in-
vitro study can be achieved in vivo.’ Firstly, the maximum
plasma concentration of Ivermectin that is achieved with a
dose of 1700 pg/kg(i.e., 8.5 times the FDA approved dose of
200 pg/kg) is just 0.28 pM, approximately 18 times less than
that found to have anti-viral effect in the in-vitro study.?
Secondly, 93% of Ivermectin is bound to plasma proteins
that limit its cellular uptake by endothelial cells. Considering
both the total plasma concentration and protein binding, the
free plasma concentration of Ivermectin would be 250 times
lower than the concentration required to reduce viral repli-
cation of SARS-CoV-2 in vitro.?° Thirdly, since there is no
data on the tissue penetration of Ivermectin in human lungs,
the total concentration of Ivermectin in calves injected with
200 pg/kg reached only 100 ng/g (approx. 0.1 pM) in lung tis-
sue, which suggests that its accumulation would not be
sufficient to achieve the antiviral effect with conventional
doses.?’ The recently published interim results of the World
Health Organization (WHO) Solidarity Trial did not demon-
strate any mortality benefit, reduced initiation of ventilation
or hospitalization duration with the use of remdesivir,
hydroxychloroquine, lopinavir, and interferon beta-la in
patients hospitalized with Covid-19. Had WHO also
included Ivermectin in the study, there could have been
better understanding of its anti-viral effects. Alternatively,
based on the results of an experimental study, it is hypoth-
esised that nebulized form of Ivermectin may be effective
against SARSCoV- 2 to achieve desired IC50 levels at the
target site of action. However, it needs vigorous preclinical
and clinical testing before being claimed for use in COVID-
19.” Considering the significant challenges surrounding the
use of Ivermectin in the context of COVID-19, novel formu-
lations employing micro- and nanotechnologies may address
these concerns in coming future.

So far, research related to Ivermectin in COVID-19 has
serious methodological limitations resulting in indecisive ev-
idence.?* The use of Ivermectin for prophylaxis or treatment
for COVID-19 should be done based on robust evidence
generated from multicentric randomised clinical trials.

Disclosure of competing interest

The authors have none to declare.

REFERENCES

1. Heidary F, Gharebaghi R. Ivermectin: a systematic review
from antiviral effects to COVID-19 complementary regimen. J
Antibiot (Tokyo). 2020;73:593—602.

2. Jin L, Feng X, Rong H, et al. The antiparasitic drug ivermectin
is a novel FXR ligand that regulates metabolism. Nat Commun.
2013;4:1937.


http://refhub.elsevier.com/S0377-1237(21)00148-9/sref1
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref1
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref1
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref1
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref2
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref2
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref2
https://doi.org/10.1016/j.mjafi.2021.06.002
https://doi.org/10.1016/j.mjafi.2021.06.002

S256

MEDICAL JOURNAL ARMED FORCES INDIA 77 (2021) S254—S256

10.

11.

12.

13.

. Rizzo E. Ivermectin, antiviral properties and COVID-19: a

possible new mechanism of action. Naunyn-Schmiedeberg’s
Arch Pharmacol. 2020;393:1153—1156.

. Sharun K, Dhama K, Patel SK, et al. Ivermectin, a new

candidate therapeutic against SARS-CoV-2/COVID-19. Ann
Clin Microbiol Antimicrob. 2020;19:23.

. Zhang X, Song Y, Xiong H, et al. Inhibitory effects of

ivermectin on nitric oxide and prostaglandin E2 production in
LPS-stimulated RAW 264.7 macrophages. Int
Immunopharmacol. 2009;9:354—359.

. CiX, LiH, Yu Q, et al. Avermectin exerts anti-inflammatory

effect by downregulating the nuclear transcription factor
kappa-B and mitogen-activated protein kinase activation
pathway. Fundam Clin Pharmacol. 2009;23:449—455.

. Caly L, Druce JD, Catton MG, Jans DA, Wagstaff KM. The FDA-

approved drug ivermectin inhibits the replication of SARS-
CoV-2 in vitro. Antivir Res. 2020;178:104787.

. Padhy BM, Mohanty RR, Das S, Meher BR. Therapeutic

potential of ivermectin as add on treatment in COVID 19: a
systematic review and meta-analysis. ] Pharm Pharmaceut Sci.
2020;23:462—469.

. Kory P, Meduri GU, Varon J, Iglesias J, Marik PE. Review of the

emerging evidence demonstrating the efficacy of ivermectin
in the prophylaxis and treatment of COVID-19. Am ] Therapeut.
2021;28:e299—e318.

Vora A, Arora VK, Behera D, Tripathy S. White paper on
Ivermectin as a potential therapy for COVID-19. Indian ]
Tubercul. 2020;67:448—451.

Molento MB. COVID-19 and the rush for self-medication and
self-dosing with ivermectin: a word of caution. One Health.
2020;10:100148.

Guzzo CA, Furtek CI, Porras AG, et al. Safety, tolerability, and
pharmacokinetics of escalating high doses of ivermectin in
healthy adult subjects. J Clin Pharmacol. 2002;42:1122—1133.
Chandler RE. Serious neurological adverse events after
ivermectin-do they occur beyond the indication of
onchocerciasis? Am J Trop Med Hyg. 2018;98:382—388.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

RECOVERY Collaborative Group, Horby P, Lim WS,

Emberson JR, et al. Dexamethasone in Hospitalized Patients
with Covid-19. N Engl ] Med. 2021;384:693—704.

Geri G, Rabbat A, Mayaux J, et al. Strongyloides stercoralis
hyperinfection syndrome: a case series and a review of the
literature. Infection. 2015;43:691—698.

Krolewiecki A, Nutman TB. Strongyloidiasis: a neglected
tropical disease. Infect Dis Clin. 2019;33:135—151.

Isoletta E, Vassallo C, Brazzelli V, et al. Emergency accesses in
Dermatology Department during the Covid-19 pandemic in a
referral third level center in the north of Italy. Dermatol Ther.
2020;33, e14027.

Kutlu O, Aktas H. The explosion in scabies cases during
COVID-19 pandemic. Dermatol Ther. 2020;33, e13662.
Martinez-Pallas I, Aldea-Manrique B, Ramirez-Lluch M,
Vinuesa-Hernando JM, Ara-Martin M. Scabies outbreak
during home confinement due to the SARS-CoV-2 pandemic. J
Eur Acad Dermatol Venereol. 2020;34:e781—e783.

Audus KL, Knaub SR, Guillot FL, Schaeffer JM. The effect of
protein binding on ivermectin uptake by bovine brain
microvessel endothelial cells. Vet Res Commun.
1992;16:365—377.

Lifschitz A, Virkel G, Sallovitz J, et al. Comparative
distribution of ivermectin and doramectin to parasite
location tissues in cattle. Vet Parasitol. 2000;87:327—338.
WHO Solidarity Trial Consortium, Pan H, Peto R, Henao-
Restrepo AM, et al. Repurposed antiviral drugs for covid-19 -
interim WHO Solidarity Trial Results. N Engl ] Med.
2021,384:497-511.

Chaccour C, Abizanda G, Irigoyen-Barrio A, et al. Nebulized
ivermectin for COVID-19 and other respiratory diseases, a
proof of concept, dose-ranging study in rats. Sci Rep.
2020;10:17073.

Garegnani LI, Madrid E, Meza N. Misleading clinical evidence
and systematic reviews on ivermectin for COVID-19. BMJ Evid
Based Med. 2021 Apr 22. https://doi.org/10.1136/bmjebm-2021-
111678. Epub ahead of print. PMID: 33888547.


http://refhub.elsevier.com/S0377-1237(21)00148-9/sref3
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref3
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref3
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref3
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref4
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref4
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref4
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref5
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref5
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref5
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref5
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref5
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref6
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref6
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref6
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref6
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref6
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref7
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref7
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref7
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref8
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref8
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref8
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref8
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref8
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref9
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref9
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref9
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref9
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref9
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref10
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref10
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref10
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref10
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref11
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref11
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref11
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref12
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref12
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref12
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref12
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref13
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref13
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref13
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref13
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref14
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref14
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref14
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref14
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref15
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref15
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref15
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref15
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref16
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref16
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref16
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref17
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref17
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref17
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref17
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref18
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref18
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref18
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref18
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref19
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref19
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref19
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref19
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref19
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref19
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref20
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref20
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref20
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref20
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref20
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref21
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref21
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref21
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref21
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref22
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref22
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref22
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref22
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref22
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref23
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref23
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref23
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref23
http://refhub.elsevier.com/S0377-1237(21)00148-9/sref23
https://doi.org/10.1136/bmjebm-2021-111678
https://doi.org/10.1136/bmjebm-2021-111678
https://doi.org/10.1016/j.mjafi.2021.06.002
https://doi.org/10.1016/j.mjafi.2021.06.002

	Ivermectin as a multifaceted drug in COVID-19: Current insights
	Disclosure of competing interest
	References


