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INTRODUCTION

The authors compiled, organized and analyzed 91 clinical
trials of ivermectin, a macrolide anti-infective compound,
against the novel coronavirus (SARS-CoV-2) infection
(COVID-19). These clinical trials were registered with
publicregistration agencies and conducted in 27 countries
around the world as of March 2021, and the results
presented in a Japanese'and English’ review published in
thisjournal.

Subsequently, clinical trials of ivermectin for COVID-19
continued to increase worldwide. By November 2023,
two years and eight months later, 169 clinical trials in 39
countries had been registered. An additional 54
unregistered clinical trials had been published, bringing
the total overview to 223 clinical trials—including the
registered trials. The results of 101 of these clinical trials
were reported, along with 27 systematic reviews and
meta-analyses conducted on 69 clinical trial results papers
from 24 countries. The authors summarized and analyzed
3

these findings, presenting them in a review in Japanese
and English* published in this journal.

Although COVID-19 was treated as a single infectious
disease, the causative virus—SARSCoV-2—is unique and
mutates rapidly, exhibiting high variability. Mutant strains

continued to evolve over time and manifest with different
infectivity and pathogenicity. Therefore, it is appropriate
to consider the early and later stages of the global
pandemic of COVID-19 as an infectious disease with
different inherent pathologies. The initial Wuhan strain
had limited infectivity, but remarkably high pathogenicity.
This resulted in a high mortality rate, due to severe lung
inflammation. On the other hand, the Omicron variant,
which spread widely around the world from around
January of 2022, was highly contagious and caused a
significantly large number of cases. With the Omicron
variant, however, infection symptoms were primarily
limited to the upper respiratory tract—extending to the
level of the larynx. Severe lower respiratory tract
infections involving the bronchi and lungs rarely occurred.
This denoted a weak inherent pathogenicity. Such
changes in the pathogenicity of COVID-19 over time are a
significant variable behind the conduct and progression of
clinical trials involving ivermectin. The authors
investigated the global trends of the SARS-CoV-2 mutant
strains—up to that time—and published an additional
review in this journal in Japanese®and English®, along with
the development status of therapeuticdrugs.

This review will organize and analyze clinical trial results
that were not available at the time of writing the three
above-mentioned reviews, and results that have since
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been published. We will analyze the outcomes of
these clinical trials, as well as summarize and discuss
the results of basic research that forms the basis for
clinical trials and general discussions.

In the authors' previously published review article, they
analyzed and discussed 430 articles and information
collected at the time of the writing. Subsequently, over
300 published papers and additional information have
been collected, and each article and piece of information
has been classified and organized according to its content.
This section provides an overview of 12 general reviews
and summaries concerning attempts to treat COVID-19
through the off-label use of existing pharmaceuticals.

In the treatment of COVID-19, the off-label use of existing
drugs is termed “repurposing drugs”.’”® In the United
States, the Food and Drug Administration (FDA) granted
Emergency Use Authorization (EUA) for
hydroxychloroquine on March 20, 2020. This
authorization was revoked on June 16th of the same year,
due to doubts about the drug's efficacy. This served as the
precedent. Inthe past, chloroquine was approvedinJapan
in 1955 as an antimalarial drug. Its indications were
subsequently expanded, based on its anti-inflammatory

properties, to include nephritis, rheumatoid arthritis,
bronchial asthma, and epilepsy. However, its use in the
treatment of chronic nephritis led to the occurrence of
“chloroquine retinopathy” caused by high-dose
administrations. This resulted in the discontinuation of its
manufacture in 1974. Hydroxychloroquine, on the other
hand, was approved in the United States in 1955 for the
treatment of malaria, systemic lupus erythematosus
(SLE), and rheumatoid arthritis. In Japan, it was approved
in July of 2015 as a treatment for both systematic and
cutaneous lupus erythematosus. Remdesivir was
approved as the second EUA on May 1, 2020. It is an
antiviral drug that has been under development since
around 2015 asatreatment for Ebola hemorrhagic fever. It
was subsequently repurposed for off-label use in COVID-
19.

Ivermectin is an oral medication approved in the United
States in October of 1998 for the treatment of
strongyloidiasis and onchocerciasis. Its off-label use9)
rapidlyincreased around Novemberin 2020, while COVID-
19 was rapidly spreading in the United States. As such, it
could be considered a typical example of a repurposed
drug, althoughithas not received EUAapproval.

Figure 1 shows the progression of COVID-19 pathology as
currently elucidated to date. Viral load peaks 2 to 3 days
after infection and then declines, largely disappearing by
day 5. If recovery begins at this stage, the illness resolves as
a mild case. However, when the viral infection progresses
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to pulmonary inflammation (lower respiratory tract
symptoms), the condition worsens to a moderate or
severe state that requires medical interventions such
as hospitalization, respiratory support, and even
intensive care. Furthermore, when suppression of the
host's inflammatory response becomes ineffective, the
condition progresses to a state of excessive inflammation,
leading to a critical state where life-saving measures
requiring extracorporeal circulation by use of
extracorporeal membrane oxygenation (ECMO) are
necessary. This type of pathological progression seen with
COVID-19 has not been observed in other conventional
viral infections. While the majority of cases present only
with mild upper respiratory symptoms and can be
managed as outpatients, itis crucial to recognize that if the
infection progresses to lower respiratory symptoms, it can
quickly become difficult to treat, even intractable, leading
to severe consequences due to excessive inflammatory
host response. This makes COVID-19 an extremely
complexviralinfection.

As COVID-19, an emerging infectious disease, spread
globally as a pandemic, inflicting severe illness and high
mortality rates, repurposed drugs with potential as
treatments were investigated. Chowdhury et al. (China,
2021) discussed monotherapyand combinationtherapy
with ivermectin, doxycycline, vitamins D and C, zinc, and
cannabidiol. Rakedzon et al. (Israel, 2021)** discussed the
potential of nine antiparasitic drugs for COVID-19
treatment, while Kato et al. (Japan, 2022) > discussed the
potential of eighteen existing drugs as repurposed
treatments. Baracaldo-Santamaria et al. (Colombia,
2022)2 discussed the efficacy and safety of
hydroxychloroquine, nonsteroidal anti-inflammatory
drugs, ivermectin, azithromycin, vitamins, aspirin, and
chlorine dioxide. Some of these are even commonly used
self-medication drugs. Martinez (Spain, 2022)*noted that
existing antiviral drugs (various anti-HIV drugs and
antiviral hepatitis drugs, favipiravir, remdesivir) had not
demonstrated clinically proven efficacy against COVID19.
It was further argued that developing compounds with
mechanisms of action specific to SARS-CoV-2 viral
infection is necessary for anti-COVID-19 drugs.
Meanwhile, Menéndez (Spain, 2022)“discussed the
potential for developing COVID-19 therapeutics from a
medicinal chemistry perspective. Noting that the
pathological state of COVID-19 progresses from an initial
viral disease phase of SARS-CoV-2 infection to a more

severe pulmonary inflammatory stage, and even further
to a state involving the induction of an excessive
inflammatory host response, this author advocated for
the necessity of therapeutics tailored to different stages of
thedisease.

Lei et al. (China, 2022) **explained that for the purpose of
treating COVID-19, efforts are underway to repurpose
existing drugs that affect each stage of SARS-CoV-2
pathogenicity. Such efforts include: RNA-dependent RNA
polymerase and main protease reactions, host cell
responses, and immune regulatory pathways involved in
disease progression (such as the involvement of the
JAK/STAT pathway and NF-kB). They discussed the
correlation between this basic research, preclinical
studies, and clinical trials. Nabi-Afjadi et al. (Iran, 2023)"
provided comprehensive information on the safety and
efficacy of ivermectin for COVID-19 treatment—a topic
still generating controversy—based on available data.
They provide an overview of research findings of ongoing
clinical trials on the mechanisms of action of ivermectin,
from the initial stage of SARS-CoV-2 infection to the stage
of heightened host inflammatory responses, including the
phase of COVID-19-associated energy metabolism
abnormalities.

The aforementioned reviews and overviews discuss the
efficacy and safety of repurposed drugs in the treatment
of COVID-19. On the other hand, Gandhi et al. (USA,
2024)'® argued that the nirmatrelvir/ritonavir
combination therapy, which received EUA in December of
2021, is the only therapeutic with confirmed clinical
efficacy. However, as stipulated in COVID-19 treatment
guidelines, its use is restricted only to patientswhoare ata
high risk of worsening symptoms— they also discussed
the high frequency of COVID-19 recurrence after its use as
a treatment. Therefore, they stated that despite gaining
extensive knowledge about SARS-CoV-2 infection
treatment, a definitive solution has yet to be found.

2. BASIC RESEARCH ON THE EFFICACY OF
IVERMECTIN AGAINST COVID-19

Given the sheer number of clinical trials being conducted,
one would normally expect foundational
research—which provides the theoretical basis for such
trials—to be conducted on a scale several times larger
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than the number of clinical trials. However, in the case of
ivermectin for COVID-19, the number of foundational
studies is remarkably low. Under such circumstances, the
review article*® by Zaidi et al. from Italy, published in the
January of 2022 issue of The Journal of Antibiotics, has
received high recognition with over 320,000 page views,
49 citations, and an Altmetric score of 4,643. It highlights
the diverse actions of ivermectin against SARS-CoV-2
infection, including: (1) direct effects on SARS-CoV-2, (2)
effects on host targets involved in viral replication, (3)
effects on host targets involved in inflammation, and (4)
effects on other host targets. In particular, regarding
ivermectin's anti-inflammatory effects, research findings
from 2007 to 2019—prior to the emergence of COVID-
19—were also analyzed in relation to the course of SARS-
CoV-2 infection, contributing to a better understanding of
ivermectin's diverse mechanisms of action.

Using the classification by Zaidi et al. as a reference, we
organized and analyzed 60 papers on basic research
collected by our group, with the results showninTable 1. In
this organization and analysis, papers were first classified
based on their primary research topic. Subsequently, the
research techniques were categorized into conventional
in vitro or in vivo studies (wet studies) and in silico studies
(dry studies) using methods such as molecular docking on
computers, indicated by the listed reference numbers.

The antiviral effects of ivermectin against SARS-CoV-2
include: (1) inhibiting viral replication, (2) disrupting the

Action of ivermectin

process by which the virus binds to the host cell surface
and invades the cell, (3) interfering with the processing of
polypeptides produced by translating the viral genetic
information into multiple active peptides by the main
protease (Mpro), (4) the activity of generated NSP13
helicase, NSP12 RNA-dependent RNA polymerase (RdRp),
and structural protein N nucleocapsids, and (5) inhibition
of the importin transport system that transports multiple
proteins essential for viral replication into the cell nucleus.
Additionally, ionophore-like effects and inhibition of the
virus's ability to evade the host immune system have also
been reported. These antiviral mechanisms are being
discussed in relation to the early, mild phase of COVID-19
infection.

In contrast, it has been reported that during the
progression of COVID-19 beyond the mild phase caused
by the viral infection, through the host's inflammatory
response leading to moderate to severe illness and
ultimately even critical illness, ivermectin inhibits several
stages of the processes by which the SARS-CoV-2 virus
triggers reactions via various host cell receptors such as
TLR-4—ultimately resulting in a cytokine storm in the
host. The papers concerning these anti-inflammatory
effects—or host immune modulation effects—are
categorized and presentedinTable 1.

Furthermore, Scheim et al. (USA, 2021-2023) have
elucidated 5 that ivermectin inhibits red blood cell
agglutinationand thrombosis caused by the SARS-CoV-2

In silico studies
(reference number)

In vitro/in vivo studies
(reference number)

Action against SARS-CoV-2

1) Antiviral action

19~27,72, 75

70,71

2) Binding with spike protein

28

47~53

3) Inhibition of invasion into cell

19, 29, 30

54~37, 61

4) Inhibition of peptide processing

19, 29

47, 49, 58~61, 76

5) Inhibition of helicase

24,25, 31

62, 63

6) inhibition of RNA-dependent RNA polymerase

19, 32

47, 56, 57, 64, 65

7)Inhibition of transfer into nucleus (importin)

9, 23~25, 29, 32~37

49, 63,66, 77,78

8) lonophore activity

19, 38

9) Inhibition of viral escape from host immunity

47

Effects on host responses involved in inflammation

1) Anti-inflammatory action

19,39,73,74

2) Inhibition of JAK/STA pathway

19, 29, 32, 40

3) Inhibition of TNF receptor/TRADD pathway

41

4) Inhibition of TLR-4/NF-kB pathway

19,41, 42

5) Immunomodulation (decrease of IL-6/IL-10)
and others

19, 46

Other actions against host targets

1) Blood coagulation/CD-147 inhibition

19, 43~45

48, 68, 69

2) Inhibition of a-nicotinic acetylcholine receptor

48

3) Improvement of blood oxygen saturation

44, 45

TABLE 1. BASIC RESEARCH ON THE EFFECTS OF IVERMECTIN AGAINST COVID-19
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spike protein. The mechanism involves the proven
inhibition of the spike protein binding to CD-147, which is
present on the surface of red blood cells. Moreover, it has
been reported”in 2024 that ivermectin possesses the
ability to dissolve microthrombi formed within blood
vessels due to SARS-CoV-2 infection. As a result of these
effects, administration of ivermectin to COVID-19 patients
with hypoxemia has been shown?-8 to improve blood
oxygen saturation (Sp02)levels.

Table 1 shows that 27 papers (46.6%) were classified as “in
silico studies.” These studies actively employ dry research
methods—specifically molecular docking and molecular
dynamics simulations—to numerically analyze the
binding between target proteins and ligands, thereby
elucidating the diverse mechanisms of action of
ivermectin against COVID-19. In computer molecular
docking analysis, ivermectin has been confirmed to
exhibit extremely high binding affinity for the receptor-
binding domain (RBD) of the SARS-CoV-2 spike protein,
the host cell receptors ACE2 and TMPRSS2 proteins, RdRp,
Mpro, and others. Furthermore, some research shows
that ivermectin strongly binds to the a subunit of the host
cell's nuclear transport system, the importin (IMP) a/B1
system, preventing the B subunit from binding. This
inhibits the transport of proteins essential for SARS-CoV-2
viral replication within the host cell into the nucleus. This
inhibitory mechanism has also been examined in detail
throughinsilicoanalysis.

3. PHARMACOLOGICAL AND
PHARMACEUTICAL RESEARCH ON
IVERMECTIN FORCOVID-19

The dosage of ivermectin has been 150 pg per kg of body
weight administered orally once to three times per year
since the implementation of onchocerciasis control
programs in Africa in 1987. However, in 2001, France
began administering 200 pg per kg of body weight orally
twice at two-week intervals for the treatment of scabies.
Pharmacokinetic studies in humans at these standard
doses were summarized*as a mini-review by Gonzélez
Cangaetal.(Spain, 2008); however, at that time, the effect
of food on the absorption of ivermectin had not been
elucidated. Ivermectin is a lipophilic compound with a
macrolide skeleton. During its initial development phase,
it was administered on an empty stomach to avoid the

influence of food and ensure consistent oral absorption.
However, Duthaler et al. (Switzerland, 2020) reported #°
that when administered orally after a high-fat meal, it
demonstrated 1.2 times the oral absorption compared to
administration onan empty stomach.

As off-label use of repurposed drugs such as ivermectin for
the prevention and treatment of COVID-19 has become
more common, pharmacologic and pharmaceutical
findings have begun to be reported. These evaluation
techniques are based on pharmacokinetic/
pharmacodynamic (PK/PD) theory commonly used in
antibacterial chemotherapy and are discussed by
comparing the drug concentrations demonstrating
antiviral activity obtained in in vitro experiments with the
blood concentrations or tissue concentrations achieved
during drug administration. Arshad et al. (UK, 2020)
compared® the maximum plasma concentration (Cmax)
and the partition coefficient (KpUlung) of free drug
between lung and plasma tissues with the EC50 for 56
existing drugs with reported antiviral activity (EC50) and
pharmacokinetics. They reported that the lung tissue
concentrations of 8 drugs, including ivermectin, reached
10 times their EC50. On the other hand, it has been
debated #*°that the Cmax of ivermectin at the standard
dose is significantly lower than the EC50 values (2.2-2.8
UM) reported22) by Caly et al. (Australia, 2020), requiring
10-50 times the standard dose to cover the EC50 range.
Jermain et al. (USA, 2020) estimated ** human lung tissue
concentrations of ivermectin based on concentrations in
dairy cows and pharmacokinetic data from phase 1 clinical
trials in healthy adults. They concluded that a dose of 120
mg—ten times the standard dose—would be required to
achieve the IC50 value (2 pM = 1,750 ng/mL) for
suppressing SARS-CoV-2.

These PK/PD discussions regarding ivermectin's
effects on SARS-CoV-2 are theoretically sound, but
they are limited by the fact that the anti-SARS-CoV-2
activity (PK information) relies solely on the report
by Caly et al. As described in the “6. Conclusion”
section of our previous reports*? SARS-CoV-2
replication inhibition experiments of Caly et al. were
designed with conditions favorable to the virus and
unfavorable to the inhibitors, specifically to avoid
false positive results. The SARS-CoV-2 strain used in
Caly et al.'s experiment was a B variant isolated from
a 58-year-old male who arrived in Australia from
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Wuhan, China in January of 2020 and developed
symptoms. It was designated BetaCoV/Australia/
VIC01/2020 and is a highly virulent strain preserved by
inoculation into Vero/hSLAM cells. In the replication
inhibition experiment using ivermectin, Vero/hSLAM
cells, which are suitable for viral growth, were infected at a
high MOI of 0.1. After 2 hr of incubation, ivermectin was
applied at a concentration of 5 uM. Subsequently, over
time, the viral RNA levels in the cell fraction and culture
supernatant, E gene RNA levels, and RNA-dependent RNA
polymerase gene RNA levels in both the cell fraction and
culture supernatant were measured. Results showed a
5,000-fold reduction in viral RNA at 48 hr (IC50 =2.2-2.8

uM).

Those with experience in viral replication inhibition
experiments will readily understand that the IC50 value
can vary by a factor of 100 or even 1,000 depending on
experimental conditions such as the combination of virus
strain and host cell, the timing and amount of inoculation,
the culture medium, and the incubation temperature.
Adjusting the sensitivity and precision of the experimental
system based on what the experiment aims to observe is
standard practice inin vitro research. The sensitivity set by
Caly et al. at an IC50 of approximately 2 uM appears to be
appropriate, yielding neither false positives nor false
negatives. Setting the sensitivity of this assay to 10-fold
increases the IC50 to approximately 0.2 uM, while setting
it to 50-fold increases the IC50 to approximately 0.04 uM.
However, assays with high sensitivity are susceptible to
various factors, leading to inconsistent results and
reduced precision. Therefore, the evaluation of Caly etal.'s
paper is solely that it demonstrated ivermectin possesses
anti-SARS-CoV-2 activity—nothing more, nothing less. It
would be an excessive leap to directly extrapolate Caly et
al's experimental results to assess clinical efficacy in
humans.

Duenas-Gonzalez (Mexico, 2021) proposed® that,
regarding the aforementioned PK/PD debate surrounding
Caly et al.'s paper, since administration of ivermectin at 2
mg/kg—10 times the usual dose—is safe and yields an
AUC (5,249 uM:-hr) where efficacy is expected, studies
should be conducted to examine the correlation between
dose and PK/PD, including the high dose of 2 mg/kg,
before initiating phase 3 clinical trials.

Ivermectin is a liposoluble compound with a macrolide

skeleton. In South America, an oral liquid formulation
containing 10% ethanol and 70% propylene glycol is
commercially available. Already, in the 2008 paper by
Gonzalez Canga et al, it was stated ® that the liquid
formulation of ivermectin (ethanol solution) exhibits
approximately twice the bioavailability compared to
tablets or capsules. Thisindicates that the bioavailability of
conventional ivermectin tablets is significantly low at 50%
or less, suggesting that formulation studies in the
pharmaceutical field are necessary to improve oral
absorption. In addition, Ceballos et al. (Argentina, 2023)
conducted® PK analyses in healthy adults after
administering ivermectin tablets, capsules, and oral
solutions. They reported that the oral solution had an AUC
of 1,653 ng hr/mL, compared to 1,056 ng hr/mL for the
tabletsand 996 ng hr/mLforthe capsules.

Ivermectin has been used as a broad-spectrum
antiparasiticdrugin both veterinary and human medicine,
with various dosage forms developed to suit the specific
pathophysiology of the disease. Prior to the COVID-19
pandemic, researchers such as Sharun et al. (India, 2019)*
had discussed the need to develop sustained-release
formulations of ivermectin that could demonstrate
efficacy with a single dose. As ivermectin has become
widely used for both the prevention and treatment of
COVID-19, active research into improving its dosage forms
hasintensified.

To improve oral absorption, prototypes of orally
disintegrating tablets have been developed using various
lubricants and disintegrants as additives in ivermectin
tablets [Juan et al. (Argentina, 2023)*], and attempts have
been made to freeze-dry ivermectin as an oil-in-water
emulsion [Madawi et al. (UAE, 2025)°¢]. Furthermore,
studies have been conducted on formulation techniques
applying micro/nanotechnology to improve the
pulmonary tissue transfer of ivermectin [Formiga et al.
(Brazil, 2020)*”, Madrid et al. (USA, 2021) %, and Surnar et
al.(USA,2020)%].

Meanwhile, intranasal ivermectin preparations have
been attempted as potential treatments during the initial
phase of COVID-19 infection when upper respiratory
symptoms are present. Errecalde et al. (Argentina, 2021)
developed ' a nasal spray formulation and conducted
safety and PK studies in a piglet model, reporting that high
nasopharyngeal concentrations were achieved within a
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short time. Wissel et al. (2025) at HWI Pharma services
GmbH in Germany administered *** a 5% ivermectin nasal
spray solution to 14 healthy adults. A randomized,
controlled Phase 1 clinical trial comparing a treatment
group to 14 cases in a placebo group was conducted
(EudraCT No. 2022-002670-82), and the tolerability,
safety, and pharmacokinetics were evaluated. As a result,
intranasal administration of ivermectin demonstrated
excellent tolerability, with no adverse reactions observed
beyond local nasal symptoms, and exhibited favorable
pharmacokinetic properties. Additionally, attempts have
been made to achieve sufficiently high pulmonary tissue
concentrations for therapeutic purposes through the
administration of inhaled ivermectin formulations, as
reported by Mittal et al. (India, 2021)'°% Albariqi et al.
(Australia, 2022)°3 and Saha et al. (New Zealand, 2022).

As the clinical use of ivermectin for COVID-19 expands,
numerous products are being used worldwide, and the
quality control of these formulations is an important
consideration in the field of pharmacy. In our previous
reports®*, we listed the ivermectin preparations
commercially available in India—a survey conducted in
October 2023 identified 27 products manufactured and
sold by 26 companies. Bhorat et al. (South Africa, 2021)
conducted ** an analysis combining highperformance
liguid chromatography and mass spectrometry on five
tablet formulations and two capsule formulations of
ivermectin marketed for human use. They found that four
tablet formulations contained one or more impurities
(substances other than the listed active ingredient) in
addition to the two main components. The presence of
impurities significantly impacts the efficacy and safety of
the drug, necessitating an evaluation of the quality of
ivermectin usedinany clinical trials.

4. INFORMATION ON IVERMECTIN'S
ADVERSE EFFECTS AND TOXICITY IN COVID-
19 CLINICALSETTINGS

Ivermectin, first used in 1987 for onchocerciasis control
programs in West Africa, has since been employed to treat
lymphatic filariasis, intestinal strongyloidiasis, and
scabies. By 2022, it was reported to have been
administered to 3.7 billion people across more than 50
countries worldwide. Due to its low dosage per
administration and the small number of required doses, it

has been considered a drug with extremely few side
effects. As such, ivermectin, which has been considered
highly safe, has been used in a remarkably large number of
cases across many countries worldwide for the prevention
and treatment of COVID-19—under circumstances where
there are no established guidelines for its administration
or dosage. Consequently, a significant amount of
information regarding its side effects and toxicity has been
reported. The most serious problem arises when
individuals purchase over-the-counter veterinary
ivermectin formulations due to the unavailability of
human-use preparations and ingest them in excessively
large quantities, leading to the onset of side effects. The
use of veterinary formulations in humans must be strictly
prohibited.

In the WHO Onchocerciasis Control Program, which
distributed ivermectin on a large scale across a wide area,
De Sole et al. (Burkina Faso, 1989) reported that 9% of
the participants experienced side effects. However, only
2.4% were moderate and 0.24% were severe. The
majority of these were attributed to a drop in blood
pressure caused by the rapid death of microfilariae
parasitizing the skin and subcutaneous tissues. That is, the
primary adverse effects were found to occur as a result of
ivermectin exerting its therapeutic effect and killing the
parasites. The frequency of adverse effects caused by
ivermectinitself was shownto be remarkably low.

An interesting paper'*’is the study by Guzzo et al. (2002)
from Merck & Co., Inc., the developer of ivermectin, which
examined the safety, tolerability, and pharmacokinetics of
highdose, frequent administration in 68 healthy adults. In
trials involving a single dose of 60 mg (five times the usual
dose) administered three times weekly or a single dose of
ten times the standard dose (120 mg) three times weekly,
no adverse effects were observed, including those
affecting the central nervous system. In the
pharmacokinetic analysis, AUC and Cmax showed a near-
linear correlation with dose. Tmax was observed at 4 hr,
and the plasma half-life was approximately 18 hr. The AUC
was found to be 2.6 times higher after administration with
food compared to administration on an empty stomach.
Thus, while the safety of high-dose frequent
administration was confirmed by the company's own
clinical trials, the company still stated concerns about
ivermectin's safety in its February 4, 2021 company
statement®regarding the use of ivermectin for
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COVID-19, creatingaclear contradiction.

In Brazil, de Castro Jr. et al. (2020) administered high-dose
ivermectin (1 mg/kg/day) for 14-15 days to a series of
pediatric patients with poorly defined acute myeloid
leukemia. They observed **no particular side effects and
confirmed its safety, arguing that ivermectin can therefore
be administered for COVID-19 without concern for side
effects. Onthe other hand, regarding the use of ivermectin
forthe prevention or treatment of COVID-19, Zaheer et al.
(Pakistan, 2021) argue®® that appropriate regimens
(dosage and administration methods) have not been
established. Given the current lack of confirmed safety in
patients with impaired renal or hepatic function, chronic
diseases, pregnant women, and children, they argue that
trials to establish appropriate dosing regimens are
necessary, with careful attention to potential side effects
affecting the central nervous systemand liver function.
Campillo et al. (France, 2021 and 2022) examined **'*
adverse events of ivermectin reported to the WHO's
pharmacovigilance database (VigiBase®), and discussed
that reports after 2020 —when COVID-19 emerged—
increased compared to those before 2019. From the 1st of
May 2020to the 21st of December 2021, there were 1,777
reports, most of which were gastrointestinal and
neurological adverse events. Among them, 35 cases,
including 6 deaths, were suspected to be caused solely by
ivermectin and considered serious. Based on this paper's
presentation, Montastruc (France, 2022) stated ***in an
“Editorial” that ivermectin should not be used for the
treatment of COVID-19. Johnson-Arbor (USA, 2022)
reviewed approximately 50 papers on the mechanism of
action, pharmacokinetics, antiviral effects, and side
effects of ivermectin, and argued '** that due to the
potential for central nervous system side effects,
ivermectin should not be used too readily for the
prevention or treatment of COVID-19. Shirazi et al. (USA,
2022) reviewed approximately 20 clinical trial results of
ivermectin for COVID-19. They argued!**that at the
standard dosage used in these trials (0.2-0.4 mg/kg),
adverse events were virtually nonexistent, but the dosage
wastoolowto demonstrate significant efficacy.

Ngan et al. (USA, 2022) proposed ¢ using inhibition of
human delayed rectifier potassium channel (hERG)
activity and induction of drug-induced phospholipidosis
astoxicological evaluationindicators for repurposed drugs

used for COVID-19. The study discussed the potential for
cardiotoxicity due to hERG inhibition among 331
compounds showing activity against SARSCoV-2, but
concluded that the likelihood of adverse events occurring
withivermectinislow.

Ivermectin was approved for COVID-19 treatmentin India,
and governments in Latin American countries undertook
widespread distribution. Additionally, when it became
possible to obtain ivermectin over-the-counter without a
prescription in various countries and regions, it resulted in
its widespread use for preventing or treating COVID-19.
Meanwhile, in the United States, the Centers for Disease
Control and Prevention (CDC), FDA, and NIH strictly
regulated the off-label use of human-grade ivermectin for
COVID-19. This created an extremely dangerous situation
where people purchased and ingested veterinary-grade
ivermectin formulations, which were available without
regulation. If human-use ivermectin preparations had
been used off-label for COVID-19 under a physician's
guidance, at the prescribed dosage and frequency,
adverse effects from overdose could have been avoided.
However, by purchasing veterinary preparations without
medical supervision and self-administering them at
arbitrary dosages, unexpected side effectsareinevitable.
In August of 2021, the CDCissued *an “Official CDC Health
Advisory” titled “Rapid Increase in Ivermectin
Prescriptions and Serious lllness Associated with the Use
of IvermectinContaining Preparations for the Prevention
or Treatment of COVID-19.” Data from outpatient
pharmacies indicate that prior to the COVID-19 pandemic,
weekly prescriptions for ivermectin averaged around
3,600. However, during the week of August 7-13,
2021—when the Delta variant caused approximately
120,000 weekly cases—prescriptions surged to 88,000,
representing a 24-fold increase. The article stated a
correlation between the sharp increase in prescriptions
and severe side effects from ivermectin. However, such
serious side effects occurred in cases involving massive
ingestion of veterinary formulations. The title presented
these entirely unrelated incidents—which had nothing to
do with prescriptions dispensed by the aforementioned
outpatient pharmacies—as if they resulted fromingestion
of human-use ivermectinformulations.

Similar to CDC recommendations, despite the toxicity
primarily stemming from the administration of veterinary
ivermectin formulations, a paper with a title implying
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adverse events from human formulations was published '8
by Temple et al. (USA, 2021). Of the 21 adverse event
reports submitted to the Oregon Poison Center, 17 cases
(80.9%) involved individuals who purchased and ingested
over-the-counter veterinary ivermectin formulations.
While the ingestion of veterinary formulations should be
the focus of concern, there is misleading information
suggesting that the clinical use of ivermectin for COVID-19
is the problem. It appeared to be a response to critical
comments on the Temple et al. paper, that, in an update
paper °by Hoang et al. (2022) from the same research
group, the title explicitly states that the toxicity observed
was induced by veterinary formulations. Adverse events
associated with veterinary ivermectin formulations have
also been discussed in reports by Lorente et al. (South
Africa, 2022)**° , Porubcin et al. (Slovakia, 2022)'* and
Akhlaqg et al. (USA, 2023)'* Thereafter, the U.S. FDA has
published***a Consumers Update, after the declaration
ending the COVID-19 pandemic, stating that it has neither
authorized nor approved the use of ivermectin for
preventing or treating COVID-19. The FDA also noted that
it had received reports of multiple individuals who self-
administered veterinary formulations requiring medical
intervention, including hospitalization.

Idonije et al. (Nigeria, 2011) reported *** the emergence of
sperm dysfunction as one of the side effects of ivermectin.
This paper has been cited as an adverse event associated
with the administration of ivermectin for COVID-19, and
concerns have been raised regarding reduced sperm
countand impaired sperm motility. The paper 25by Collins
et al. (USA, 2022) dispelled such concerns, stating that
Idonije et al.'s survey research lacked a control group and
that its findings and conclusions lacked credibility. In fact,
among the 385 onchocerciasis patients studied by Idonije

First author Country

Registration number

et al., only 37 (9.6%) had normal sperm function,
indicating that onchocerciasis itself is associated with
sperm dysfunction. The study discussing sperm function
in these 37 apparently healthy men treated with
ivermectin, conducted without a comparative control
group, is deemed scientifically unreliable. Regarding this
sperm dysfunction, a long-term clinical observation study
by Yuan et al. (China, 2025) reported 2
function was significantly impaired in men who had
contracted COVID-19.

that sperm

The development of inhalation formulations of
ivermectin was discussed in the previous section.
Preclinical tolerability test results for this formulation have
been reported *’ by Mansour et al. (Egypt, 2021). The
safety of a soluble freeze-dried powder containing
hydroxypropylB-cyclodextrin was evaluated by
administering 0.05 to 0.8 mg/kg to rats via pulmonary
administration for three consecutive days. Dose-
dependent increases in inflammatory markers such as
TNF-a and IL-6 were observed. Lung tissue damage was
noted at doses of 0.2 mg/kg or higher, but no
abnormalities were observed in the 0.05 mg/kg and 0.1
mg/kg dose groups, confirming safety.

We collected the results of COVID-19 clinical trials of
ivermectin that were either unavailable at the time of the
writing of our previously published reviewsl-4) or
published after their completion. Ten trials registered with
public clinical trial registries were identified, as shown in
Table2.

Subject of trial

Hirsch RR Argentina

NCT04425850
NCT04425863

Adoption of protocol for
prophylaxis and therapy

Bernigaud C France

NCT02841215

Prophylaxis in long-care
facility

Gonzalez JLB Mexico

NCTO04391127

RCT in severe cases

Ochoa-Jaramillo F | Columbia

NCT04602507

RCT in severe cases

Mikamo H Japan

NCT05056883

RCT for phase 3 trials in
Japan and Thailand

Salama HAESA Egypt

NCT05930002

RCT in moderate cases

Siripongboonsitti T Thailand

TCTR20230403007

RCT for phase 2 with 3
drugs combination

Vamaseri M Iran

IRCT20200404046937N4

RCT in mild/moderate
cases

Wijewickrema A SriLanka

SLCTR/2021/020

RCT in mild/moderate
cases

Wagstaff KM

Australia

ACTRN12621001535864

RCT for prophylaxis in
close contact

TABLE 2. CLINICAL TRIALS OF IVERMECTIN FOR COVID-19: PUBLICLY REGISTERED TRIALS
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Year*:yearof publication

RCT: randomized controltrial

NCT: U.S. National Library of Medicine, ClinicalTrials.gov
identifier

TCTR: ThaiClinical Trials Registry

IRCT: Iranian Registry of Clinical Trials

SLCTR: SriLanka Clinical Trials Registry

ACTRN: Australia and New Zealand Clinical Trials Registry

Among the 10 clinical trials registered with public
institutions ****7), 8 were randomized controlled trials
(RCTs). Three reports—by Varnaseri et al. (Iran, 2024)*;
Wijewickrema et al. (SriLanka, 2024)"¢, and Wagstaff et al.
(Australia, 2025)**”—demonstrated the clinical efficacy of
ivermectin, but five other reports130—134) did not showa
significant effect compared tothe control group.

On the other hand, 11 clinical trials not registered with
public registries were collected, as shown in Table 3. The
content of these trials was diverse, and none were RCTs.

First author Country

Ascencio-Montiel et al. (Mexico, 2022)*** examined the
risk ratio for hospitalization or death through telephone
follow-up after distributing treatment kits containing
ivermectin and azithromycin. The hospitalization rate was
6.14% in the kit distribution group and 11.71% in the non-
distribution group, indicating that the kit distribution
group showed significantly better results.

Shimizu et al. (Japan, 2022) **reported highly intriguing
clinical trial results. The study compared the incidence of
gastrointestinal disorders—a side effect of mechanical
ventilation—in 88 critically ill COVID-19 patients on
ventilators in the ICU. The patients were divided into an
ivermectin treatment group (39 patients) and a non-
treatment control group (49 patients). According to the
report, the group taking ivermectin had a significant
reduction in the incidence of gastrointestinal issues.
Furthermore, the duration of mechanical ventilation was
alsoshortenedin this group.

Subject of trial: Result

Nufez AC Mexico

Outpatient/inpatient 107 cases, open trial: effective

Prasad A India

Case report. combination therapy in severe case:
effective

Taiwan

Chuang TY

Case report. combination with tocilizumab in severe
case: effective

Pedroso C Brazyl

Prophylaxis in medical staff: effective (multiple dose)

Annie FH USA

Database analysis of mortality: not effective

Ascencio-Montiel IJ | Mexico

Distribution of therapeutic kit: effective (mortality)

Ozer M USA

Inpatient 286 cases (IVM 60 cases): not effective

Shimizu K Japan

Intubated patients 39 cases vs 49 controls: effective

Llenas-Garcia J Spain

Inpatients with strongyloidiasis 96 cases: not
effective

Corral RH Columbia

Nursing facility 475 cases (combination): effective

Elgohary MA Egypt

Inpatients (moderate) 310 cases: effective

TABLE 3. CLINICAL TRIALS OF IVERMECTIN FOR COVID-19: TRIALS NOT PUBLICLY REGISTERED

Year*:yearof publication

Corral et al. (Columbia, 2024) 147administered, atthe time
the first case of COVID-19 occurred among 475 residents
at two elderly care facilities, ivermectin (0.6 mg/kg twice
on days 1 and 7), nitazoxanide (500 mg twice daily for 6
days), and aspirin (100 mg every other day for 7 days).
Eighty-seven individuals (18.3%) were found to be positive
for SARS-CoV-2,andamongthem, 1individual (1.1%) died.
This mortality rate is significantly lower than the 24-45%
mortality rate documented in the literature for elderly
care facilities, indicating that early administration of these
drugswas effective.

J. res. appl. med., Volume 5, Number 1, Article 5

The long-term effects following COVID-19 infection are
referred to as long COVID (Long COVID) or post-acute
sequelae of COVID-19 (PASC). Fatigue and lethargy, joint
and muscle pain, cough and shortness of breath, chest
pain, hair loss, memory impairment, difficulty
concentrating, headaches, depression, taste disorders,
smell disorders, sleep disorders, autonomic nervous
system dysfunction, and other extremely diverse
symptoms appearand persistformore thantwo months.
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Dysautonomia*®***in and of itself presents as dysfunction
of the autonomic nervous system with symptoms such as
dysregulation of heart rate, blood pressure, body
temperature, respiration, digestion, etc. Postural
orthostatic tachycardia syndrome (POTS)**%%%is a specific
form of dysautonomia and is considered one of the typical
pathologies (a cardiovascular phenotype) of long COVID.
POTS is characterized by an abnormal increase in heart
rate upon rising from a lying position, causing orthostatic
intolerance symptoms such as palpitations, dizziness, and
fatigue.

The diverse range of symptoms and varying degrees of
severity made it difficult to establish a definitive definition
for the disease. However, in 2024, a committee of the
National Academies of Sciences, Engineering, and
Medicine (NASEM) proposed®*’**°a unified definition.
Meanwhile, the National Institutes of Health (NIH) in the
United States launched*a research initiative called
RECOVER (Researching COVID to Enhance Recovery) in
2021 with a budget of $1.15 billion. This initiative aims to
advance the understanding of the pathophysiology of
long COVID, as well as its diagnosis, prevention, and
treatment. Ramonfaur et al. (USA, 2024)% noting that
RECOVER alone is insufficient, provide an overview of the
status of clinical trials for long COVID being conducted
worldwide.

Research into the pathogenesis of Long COVID has
continued to move forward. Elliott et al. (USA, 2024) 62
stated that while viral persistence or reactivation may also
be contributing factors, the primary mechanism is
thought to be the inflammatory response triggered by
COVID-19 and the resulting dysregulated immune
response. This dysregulation of the immune response
relates to the function of “regulatory T cells,” which was
recognized with the 2025 Nobel Prize in Physiology or
Medicine and will be discussed in detail later. Meanwhile,
Westman et al. (Sweden, 2025)" reported that
microthrombi formed by the fibrinolytic-resistant SARS-
CoV-2 spike protein are involved in the development of
long COVID.

Scholkmann et al. (Switzerland, 2023)**cited numerous
papers arguing that the SARSCoV-2 spike protein is a factor
in PASC. They proposed calling the long-term symptoms
occurring after COVID-19 mRNA vaccination, similar to
PASC, “post-COVID-vaccine syndrome: PCVS,” and

discussed the similarities and differences between PASC
andPCVS.

It should be noted that SARS-CoV-2, the virus causing
COVID-19, has undergone temporal changes,
transitioning fromthe initially highly virulent Wuhan strain
through the a-, -, and 6-variants to the o-variant. Rosen
(USA, 2024)*5and Xie et al. (USA, 2024)**¢discussed the
incidence of long COVID associated with these variant
transitions.

Trials on the therapeutic effects of ivermectin for PASC or
long COVID have been conducted since early on—Aguirre-
Changetal. (Peru, 2020)**’, Al-kuraishy et al. (Irag, 2022) ¢
and Aref et al. (Egypt, 2022)**° reported that post-COVID-
19 symptoms such as fatigue, muscle weakness,
autonomic dysfunction, and olfactory dysfunction
improved following ivermectin treatment. Krumholz et al.
(USA, 2023)*"° investigated the actual treatment practices
for 241 cases of post-vaccine syndrome (PVS) following
COVID-19 vaccination and reported that ivermectin was
usedin44 cases(18%).

Hulscher et al. (USA, 2023)"*discuss the spike protein as
the cause of PASC occurring after COVID-19 infection or
COVID-19 mRNA vaccination. They further state that
ivermectin binds to the spike protein and allows for its
detoxification. Clancy and Borody (Australia, 2024) "2
proposed calling the long-term effects of COVID-19
infection and vaccination “spikopathy,” defining it as a T-
cell-mediated autoimmune disorder caused by the
prolonged presence of the SARS-CoV-2 spike proteinin the
body. lvermectin demonstrates an effect that reverses the
symptoms caused by this spikopathy. Treatment with
ivermectin may block the host's humoral and cellular
immune mediator responses upon exposure to the spike
protein. Therefore, it is predicted that ivermectin will
improve long-term symptoms associated with COVID in
patients. The authors proposed a protocol involving
administration of 12 mg of ivermectin daily for 14 days (in
combinationwithvitamin D).

Furthermore, Yang et al. (Taiwan, 2023) ' analyzed the
effects of ivermectin and six antioxidants from a
pharmacogenomic perspective. Their approach is based
on the hypothesis that antioxidants are effective in
improving long COVID symptoms, and they have
elucidated the possibility of potential genome-level

1

J. res. appl. med., Volume 5, Number 1, Article 5

https://www.researchandappliedmedicine.com



Country

Global trends in clinical trials of ivermectine for COVID-19 (2026)

First author (Year of publication)

USA

McCullough PA (2020)%7, Jahan Z (2020)'#8), DiNicolantonio JJ (2020)18,

Santin AD (2021)"9, Kory P (2021)'9'.192), Efimenka | (2022)'9%),
Pincus SH (2022)'94), Gkioulekas E (2023)'9), Scheim DE (2024)%9),
Gkioulekas E (2025)197.198) Chamie JJ (2023)199

Mexico

Abreu JL (2020)200)

Salvador-Carrillo J (2024)%01)

Hirsch RR (2020)2%2

Cobos-Campos R (2021)29%)

Khanghah RR (2022)%, Barati N (2022)%5

Wehbe Z (2021)2%6)

Awad H (2022)207

Schwartz E (2022)208. 209)

Masoud HH (2020)2'®

Tanzania

Osati EFO (2024)2™

South Africa

Aldous C (2024)*'

India

Pareek RP (2020)2™), Dixit A (2020)2'9, Mathachan SR (2021)2'9),
Sharma SK (2022)2'9), Eerike M (2022)2', Karim A (2024)2®)

Pakistan

Chaudhry MW (2021)319)

Bangladesh

Alam S (2021)29

Malaysia

Munir MZ (2023)22"

China

Yang S (2022)%22

Japan

Ohe M (2021)%*

Australia Kalfas S (2020)224

New Zealand Boretti A (2022)22%)

TABLE 4. REVIEW ARTICLES ON THE CLINICAL USE OF IVERMECTIN FOR COVID-19
[WITH POSITIVE CONLUSIONS]

examined the preventive effects of nationwide mass
distribution and evaluated the protocols involved for
preventive administration. Chamie et al. (USA, 2023)°
analyzed the impact of mass distribution of ivermectin in
Peru on excess death during the COVID-19 pandemic.
They confirmed that among individuals aged 60 and older
across 25 regions of the country, excess death decreased
to one-fourteenth during distribution but increased 13-
fold two months after distribution ceased, prompting
debate overivermectin'sefficacy.

Onthe other hand, a review of multiple papers concluding
that ivermectin is effective against COVID-19 reveals that
12 such papers, as shown in Table 5, ultimately refrain
from judgingits efficacy due to reasons such asinsufficient
trial protocols or sample sizes. This group of 12 papers
provides objective and/or neutral commentary.

Amongthese, four papersaddressed multiple repurposed
drugs, while eight focused exclusively on ivermectin; the
majority of these were commentaries based on literature
searches or citations from other review articles. Among
these commentaries, a noteworthy point raised is the
concern that, overall, no trials have been conducted to
evaluate the appropriate dosage and administration of
repurposed drugs for clinical use against COVID-19.
Instead, clinical trials for COVID-19 are being conducted

J. res. appl. med., Volume 5, Number 1, Article 5

using the dosage and administration intended for the
drugs' original indications. Furthermore, the commentary
states that since the clinical trials of these repurposed
drugs for COVID-19 are not trials conducted by
pharmaceutical companies—many are mostly small-
scale, physician-led studies—they cannot be considered
high-quality trials. Therefore, it is not possible to conclude
whether or not efficacy has been demonstrated.

Seven papers presenting negative reviews of ivermectin's
clinical efficacy against COVID19 were collected, as shown
in Table 6. One paper covered multiple repurposed drugs,
while the other six reviews focused exclusively on
ivermectin.

Among these seven papers, the study ***2%? by Hill et al.
(UK, 2022 and 2021) contains highly unusual content and
has sparked controversy. The controversy stems from the
fact that when their meta-analysis paper**?was first
published in July of 2021 after peer review, it described
results indicating that among the 24 RCTs included, 11
targeted moderate/severe cases, and in those cases,
ivermectin demonstrated a favorable effect, significantly
reducing mortality by 56%. However, when published in
print in November of that same year, it concluded that
based on 23 meta-analyses, ivermectin did not show a
statistically significant increase in survival rates.
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involvement. Additionally, attempts at treatment with
ivermectin are described in review articles’**””) discussing
the etiology, pathogenesis, and treatment of long COVID.

On the other hand, Koc et al. (China, 2022)"® have
expressed skepticism that ivermectin can suppress the
onset of long COVID, citing methodological limitations in
the clinical trials of ivermectin for COVID-19 found in the
literature. Additionally, Manu (USA, 2023)°stated that no
trials of ivermectin for long COVID had been conducted
and, based on the results of the Active-6 and COVID OUT
trials conducted in the USA, no clinical efficacy of
ivermectin for COVID-19 had been demonstrated, leading
totheinference thatitwasalsoineffective forlong COVID.

Nevertheless, Lee et al. (USA, 2025)*°note that,
mitochondria are involved with the regulation of the
NLRP3 inflammasome; when the former are stressed or
damaged, the latter is activated by the release of
mitochondrial reactive oxygen species (mtROS)—the
resultant dysfunction can be a central driver to
inflammation, immune response, and overactivation
seen in chronic diseases. Lee et al. further note that
“ivermectin resulted in a reduction in biomarkers of
oxidative stress” and “suppressed NLRP3”, thereby
“supporting the antioxidant and anti-inflammatory
effects ofivermectin.”

It is speculated that the function of regulatory T cells may
be involved in the progression of COVID-19 disease and
the onset of long COVID. Haunhorst et al. (Germany,
2022)"' proposed that dysregulation of Treg composition
in COVID-19 patients during recovery is involved in the
development of long COVID. Dhawan et al. (India, 2023)1#?
argued that a smaller Treg/Th17 ratio in COVID-19
patients correlates with worsening disease severityand an
increased likelihood of developing long COVID. Liu et al.
(China, 2024)#emphasized the importance of the
Th17/Treg balance in inflammatory diseases and
Korobova et al. (Russia, 2025)***discussed the dynamics of
various regulatory T cells (Th1, Th2, Th17, Tfh, etc.) during
the course of COVID19 and long COVID.

Regarding the effect of ivermectin on the Th17/Treg
balance, Xie etal. (China, 2023)**reported thatinamouse
model of autoimmune encephalomyelitis, that
ivermectin prevents the infiltration of inflammatory cells
into the central nervous system, promotes Treg cell

activity, and inhibits the secretion of IFN-y and IL-17 by
inflammatory Thl and Th17 cells. Hazan et al. (USA,
2025)*#¢speculated that ivermectin influences intestinal
immunity by promoting the cholinergic anti-
inflammatory pathway, a component of the “gut-brain
axis,” thereby increasing beneficial gut microbiota such as
Bifidobacterium and improving the pathophysiology of
COVID-19andlong COVID.

The Th17/Treg balance is implicated in the onset and
suppression of PASC or long COVID. Therefore, it is
desirable to conduct appropriate clinical trials to evaluate
the efficacy of ivermectin's involvement in the promotion
of Treg cell activitiesand COVID-19 sequelae.

7. REVIEWS RELATED TO CLINICAL TRIALS
OFIVERMECTINFORCOVID-19

We organized and analyzed 57 published materials 187244
mainly review articles, that provide an overview of
individual clinical trials of ivermectin for COVID-19. Thirty-
seven studies discussed the efficacy of ivermectin, twelve
presented neutral opinions stating it was premature to
conclude if it was effective, and eight offered negative
opinions, such as suggesting bias in the trials claiming
efficacy.

Literature discussing the efficacy of ivermectinincludes, as
shown in Table 4, a review ¥ by McCullough et al. in the
United States. Thirteen papers covered multiple drugs,
including combination therapy, while 24 focused
exclusively on ivermectin. The scope of the literature is
diverse, encompassing studies limited to COVID-19
treatment versus those including prevention, and those
restricted to mild disease versus those addressing
hospitalizationand severe cases.

In treatment-related papers, many conclude or discuss
that while the efficacy of ivermectin has been recognized,
large-scale RCTs are necessary to obtain definitive
evidence. It has been proposed that, when evaluating the
therapeutic efficacy of ivermectin, improvement in the
patient's SpO2 should be used as an indicator. It has also
been proposed that emphasis should be placed on
ivermectin's activity in inhibiting red blood cell
agglutination caused by SARS-CoV-2 infection.

Regarding preventive administration, studies have
13
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Country First author (Year of publication)
USA Parvathaneni V (2020)228), Kaur B (2024)22"), Halma M (2025)%28)
Mexico Castillejos-Lépez M (2022)229)
Peru Farfan-Castillo AM (2022)230)
Brazil Marques LLM (2024)23")

Salama HAESA (2022)%%2)

Rao MVV (2021)%*3, Kaur H (2021)%4
Indonesia Alfageeh M (2023)%9

Japan Watari T (2022)236)

Australia Jans DA (2021)2%7

TABLE 5. REVIEW ARTICLES ON THE CLINICAL USE OF IVERMECTIN FOR COVID-19
[WITH OBJECTIVE AND/OR NEUTRAL CONCLUSIONS]

Country First author (Year of publication)
USA Siedner MJ (2021)2%8), Van Scoy LJ (2023)%9, Toussi SS (2023)%40

UK Hill A (2022) 24, Hill A (2021)242)
South Africa Schellack N (2021)243)

Malaysia Ministry of Health Malaysia (2022)244

TABLE 6. REVIEW ARTICLES ON THE CLINICAL USE OF IVERMECTIN FOR COVID-19
[WITH NEGATIVE CONCLUSIONS]

Furthermore, it is noted that this paper??was
retracted in February of 2022. Hill et al. stated that, in
theirJanuary 2022 paper ?*! the studies on ivermectin
included in their meta-analysis were biased—with
some involving medical fraud.
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CONCLUSION

Regarding clinical trials of ivermectin for COVID-19, our
review articles1—4) published in 2021 and 2024 have
already cited over 430 papers and other references. In
compiling this current review article, over 230 papers
were collected, including those previously overlooked in
earlier reports—as well as newly published works. The
fact that such a large number of basic and clinical studies
are being conducted worldwide on the efficacy of a single
drug, ivermectin, against a single disease, COVID-19, is an
extremely unique situation. It vividly illustrates how
people around the world were desperately hoping for the
development of an effective treatment for COVID-19.

This review provides a detailed analysis of the basic
research findings that were briefly explained in the
previous reviews. The clinical efficacy of ivermectin
against early-stage COVID-19 has been elucidated to arise
not only from suppressing replication of the causative
virus SARSCoV-2, but also from inhibiting multiple
reactions required for the virus to invade and replicate
within host cells. As shown in Table 1, ivermectin (1)
exhibits antiviral activity, (2) binds to the spike protein on
the viral surface, (3) inhibits viral binding to host cell
surface receptors, (4) inhibits proteases that process viral
polypeptides generated within the host into functional
individual peptides, (5) inhibits helicase involved in viral
RNA replication, and (6) inhibits importins involved in the
nuclear transport of functional peptides. It is argued that
these multiple inhibitory actions suppress the initial
symptoms of COVID-19 caused by SARS-CoV-2.

Furthermore, in cases where SARS-CoV-2 infection
progresses to moderate to severe COVID-19 symptom:s,
abnormal host immune responses related to
inflammation are triggered. Ivermectin is proposed to: (1)
exhibit anti-inflammatory effects, (2) inhibit NF-«xB
production via pathways such as the JAK/STAT pathway
mediated by IL-6 receptors, (3) inhibit NF-kB production
via the TRADD pathway mediated by TNF receptors, and
(4) TLR-4-mediated pathways— thereby suppressing
cytokine storm development. Other proposed actions of
ivermectin on host targets include: (1) inhibition of blood
coagulation/thrombogenesis by blocking CD147 on red
blood cells, (2) modulation of immune responses by
inhibiting acetylcholine receptors, and (3) improvement
of blood oxygen saturation.

Research findings in the pharmacology and
pharmaceutical sciences field concerning ivermectin
were analyzed, including insights obtained prior to the
COVID-19 pandemic. Since ivermectin is an existing drug
already on the market, when considering its repurposing
for COVID19, many clinical trials were conducted using
existing approved treatments for other conditions. This
meant that Phase 1 trials—which explore
pharmacokinetics and safety in healthy adults, asin typical
new drug trials—and Phase 2 trials—which explore
optimal dosing and treatment regimensinasmall number
of cases—were not sufficiently conducted. On the other
hand, clinical trials have also been conducted to test high-
dose multiple administrations, based on the judgment
that the previously approved dosage regimen (a single
dose of 0.2 to 0.4 mg/kg/day administered on an empty
stomach) was insufficiently effective. However, all
collected pharmacology papers concluded that efficacy
based on conventional pharmacokinetics/
pharmacodynamics (PK/PD) theory could not be
expected, as they relied solely on Caly et al.'s in vitro test
results > for ivermectin against SARS-CoV-2 replication.
The mechanism of action (pharmacodynamics) of
ivermectin involves inhibiting multiple processes
necessary not only for viral replication but also for viral
entry into cells and intracellular viral proliferation.
However, no in vitro test results applicable to PK/PD
analysis exist beyond viral replication, leaving this aspect
unresolved.

In pharmaceutical research papers, the improvement of
ivermectin's oral bioavailability is discussed, and the
development of new dosage forms based on
nanotechnology applications is proposed. For early-stage
COVID-19, inhalation formulations targeting the
oropharynx are expected to be effective, while for later
stages of infection, the development of formulations that
increase concentrations within lung tissue is desired. In
addition, concerns exist regarding the quality of the
ivermectin formulations used in COVID-19 clinical trials,
and it appears necessary to evaluate clinical efficacy in
consistent clinical trials from Phase 1 to Phase 3 using
formulations with assured quality.

No active research has been conducted on the side effects
and toxicity of ivermectin in the clinical setting of COVID-
19; inferences are based solely on safety data incidentally
obtained from clinical trials conducted under diverse
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protocols. Scheim et al. (USA, 2021) >** cite dizziness, visual
disturbances, and blurry vision as characteristic side
effects of high-dose ivermectin administration. The
collected data did not include any discussion of such
characteristic adverse effects occurring following
administration of human-use ivermectin formulations.
However, cases of neurological adverse effects occurring
after ingestion of high-dose veterinary formulations were
reported.

Among the individual clinical trials of ivermectin for
COVID-19, 3 trials out of the 7 randomized controlled trials
(RCTs) registered with public registries demonstrated the
efficacy of ivermectin. The study *** by Varnaseri et al. in
Iran was conducted from July of 2020 to June of 2021; the
dominant viruses during this period were B.1.36,
B.1.1.413, and B.1.1.7 (Alpha variant). The study **¢ by
Wijewickrema et al. in Sri Lanka was conducted from July
of 2021 to March of 2022; during the period from July to
October of 2021, the predominant causative virus was the
Delta variant (AY.28 and AY.104 sub-lineages). Given the
high pathogenicity of the Delta variant and the severe
condition of patients, the clinical efficacy of ivermectin
was notably evident. Meanwhile, a study **” by Wagstaff et
al. in Australia examined the efficacy of infection
prevention among close contacts of COVID-19 patients
conducted from November of 2021 to May of 2024. Since
the predominant causative virus during this specific
period was the Omicron variant, PCR or rapid antigen
testing could not demonstrate a difference between
ivermectin and placebo in confirming infection. However,
the ivermectin group showed a significant prolongationin
the time to confirmed infection and the onset of
symptomaticinfection.

Post-acute sequelae of COVID-19 has become a serious
issue domestically and large-scale studies are being
conducted in the United States. Therefore, we have
included it as a chapterinthis review. The primary cause of
this pathological manifestation is the “excessive
inflammatory response in the host” shown in the
progression of COVID-19 pathology in Fig. 1. The
involvement of “regulatory T cells” in this process is
suspected. One known effect of ivermectin is to promote
Treg cell activity and regulate the Th17/Treg balance, and
its potential application in treating long COVID or PASC,
the post-COVID-19 syndrome, has been discussed.

As a summary of this review, we compiled and analyzed
general discussions and reviews concerning clinical trials
of ivermectin for COVID-19. As shown in Tables 46, 37
studies reported positive conclusions regarding the
efficacy of ivermectin, 12 studies reached neutral
conclusions stating it was too early to conclude efficacy,
and 7 studies reported negative conclusions indicating no
recognized efficacy of ivermectin. As these are general
discussions and reviews, the papers cited to draw
conclusions and the analytical perspectives employed
differ in each case. It is therefore natural that different
conclusionsarereached.

However, as we described in our 2023 review articles>¢on
the trajectory of COVID-19, since the first cases were
identified in the fall of 2019, the pandemic has seen the
following peaks: the Alpha variant peaked in January of
2021, the Delta variant peaked in India in April of 2021 and
globally outside India in August of 2021, and the Omicron
variant showed a fourth peak in October, and a fifth peak
in December of the same year. Each of these outbreaks
was comprised and driven by different variants of concern
(VOCs) sub-lineages—involving viruses with distinct
infectivity and pathogenicity.

Consequently, despite being collectively termed
COVID19, the disease manifestations actually evolved
over the course of each outbreak. The infection presented
with different clinical features in its early versus late
phases, leading to varying responses to therapeutic drugs.
In other words, while the efficacy of the treatment was
relatively easy to assess in moderate to severe cases
involving lower respiratory symptoms caused by the Alpha
and Delta variants, it became difficult to determine
treatment effectiveness in mild cases involving only upper
respiratory symptoms confined to the pharynx and larynx
caused by the Omicron variant. It is necessary to consider
that the assessment of trial results varies significantly
depending on the time period of the cases included in the
papers reviewed. Consequently, in the aforementioned
general discussions and reviews, the conclusions differ.

ACKNOWLEDGMENTS

We express our deepest gratitude to Dr. Toshiaki
Sunazuka, President of Kitasato University, and Dr. Akio
Abe, Director of the Omura Satoshi Memorial Research

Institute, for encouraging the writing of this review article.
16

J. res. appl. med., Volume 5, Number 1, Article 5

https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

We also extend our profound appreciation to Dr. Satoshi
Iwata, Chairman of the Japan Antibiotics Research
Association, and Dr. Naruhiko Ishiwada, Chairman of the
Editorial Committee, for permitting its contribution to this
journal.

CONFLICTS OF INTEREST

Thereisno conflict of interest.

17

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

Yagisawa M, Foster P), HanakiH, Omura S: Global trends in clinical studies of ivermectin in COVID-19 (in Japanese).
JpnJ Antibiot. 2021; 74(1): 1-43. https://www.antibiotics.or.jp/wp- content/uploads/74-1_1-43.pdf

Yagisawa M, Foster PJ, Hanaki H, Omura S: Global trends in clinical studies of ivermectin in COVID-19. Jpn J
Antibiot. 2021: 74(1): 44-95. https://www.antibiotics.or.jp/wp-content/ uploads/74-1_44-95.pdf

Yagisawa M, Foster PJ, Hanaki H, Omura S: Global trends in clinical trials of ivermectin for COVID-19—Part 2 (in
Japanese).JpnJAntibiot. 2024;77(1): 1-44.D0I: 10.11553/antibiotics. 77.1_1

Yagisawa M, Foster PJ, Hanaki H, Omura S: Global trends in clinical trials of ivermectin for COVID-19—Part 2. Jpn J
Antibiot. 2024:77(1):45-92.D0I:10.11553/antibiotics.77.1_45

Yagisawa M, Foster PJ, Hanaki H, Omura S: Global trends in novel coronavirus infection (COVID-19) and its
treatment—analyses of the background of ivermectin clinical trials— (in Japanese). Jpn J Antibiot. 2023; 76(2):
13-55.D0I:10.11553/antibiotics.76.2_13

Yagisawa M, Foster PJ, Hanaki H, Omura S: Global trends in novel coronavirus infection (COVID-19) and its
treatment—analyses of the background of ivermectin clinical trials—. Jpn J Antibiot. 2023; 76(2): 56—108. DOI:
10.11553/antibiotics.76.2_56

Dotolo S, Marabotti A, Facchiano A, Tagliaferri R: A review on drug repurposing applicable to COVID-19. Brief
Bioinform.2021;22(2): 726—41.DOI: 10.1093/bib/bbaa288

Govender K, Chuturgoon A: An overview of repurposed drugs for potential COVID-19 treatment. Antibiotics,
2022;11:1678.D0I:10.3390/antibiotics11121678

Lind JN, Lovegrove MC, Geller Al, Uyeki TM, Datta SD, Budnitz DS: Increase in outpatient ivermectin dispensingin
the US during the COVID-19 pandemic: a cross-sectional analysis. ] Gen Intern Med. 2021; 36(9): 2909-11. DOI:
10.1007/s11606-021-06948-6

Chowdhury A, Sajad M, Jahan N, et al.: A secondary approach with conventional medicines and supplements to
recuperate current COVID-19 status. Biomed Pharmacother. 2021; 142: 111956. DOI:
10.1016/j.biopha.2021.111956

Rakedzon S, Neuberger A, Domb AJ, Petersiel N, Schwartz E: From hydroxychloroquine to ivermectin: what are
the anti-viral properties of anti-parasitic drugs to combat SARS-CoV-2? J Travel Med. 2021; 28(2): 1-9. DOI:
10.1093/jtm/taab005

Kato Y, Nishiyama K, Nishimura A, et al.: Drug repurposing for the treatment of COVID-19. J Pharmacol Sci. 2022;
149:108-14.D0I:10.1016/].jphs.2022.04.007

Baracaldo-Santamaria D, Pabon-Londono S, Carlos L: Drug safety of frequently used drugs and substances for self-
medicationin COVID-19. Ther Adv DurgSaf. 2022; 13:1-14.D0I: 10.1177/20420986221094141

Martinez MA: Efficacy of repurposed antiviral drugs: lessons from COVID-19. Drug Discov Today. 2022; 27(7):

1954-60.DO0I:10.1016/j.drudis.2022.02.012
18

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

Menéndez JC: Approaches to the potential therapy of COVID-19: a general overview from the medicinal
chemistry perspective. Molecules. 2022; 27:658-82.DOI: 10.3390/molecules27030658

Lei S, Chen X, Wu J, Duan X, Men K: Small molecules in the treatment of COVID-19. Signal Transduct Target Ther.
2022;7:387.D0I:10.1038/s41392-022-01249-8

Nabi-Afjadi M, Mohebi F, Zalpoor H, et al.: A cellular and molecular biology-based update for ivermectin against
COVID-19: is it effective or non-effective? Inflammopharmacology. 2023; 31: 21-35. DOI: 10.1007/s10787-022-
01129-1

Gandhi RT, Hirsh M: Treating acute Covid-19—final chapters still unwritten. N EngJ Med. 2024; 390(13): 1234-6.
DOI:10.1056/NEJMe2402224

Zaidi AK, Dehgani-Mobaraki P: The mechanisms of action of ivermectin against SARS-CoV-2— an extensive
review. ] Antibiot. 2022; 75:60-71.DO0I: 10.1038/s41429-021-00491-6

Heidary F, Gharebaghi R: Ilvermectin: a systematic review from antiviral effects to COVID-19 complementary
regimen.J Antibiot. 2020; 73:593-602. DOI: 10.1038/s41429-020-0336-z

Yang C-W, Peng T-T, Hsu H-Y, et al.: Repurposing old drugs as antiviral agents for coronaviruses. BiomedJ. 2020; 43:
368-74.D0I:10.1016/j.bj.2020.05.003

CalyL, Druce JD, Catton MG, Jans DA, Wagstaff KM: The FDA-approved drug ivermectin inhibits the replication of
SARS-CoV-2invitro. Antiviral Res. 2020; 178:104787.D0I: 10.1016/ j.antiviral.2020.104787

Mudatsir M, Yufika A, Nianu F, et al.: Antiviral activity of ivermectin against SARS-CoV-2: An old-fashioned dog with
anewtrick—alliterature review. Sci Phar. 2020; 88: 36. DOI: 10.3390/ scipharm88030036

Sharun K, Dhama K, Patel SK, et al.: Ivermectin, a new candidate therapeutic against SARSCoV-2/COVID-19. Ann
Clin Microbiol Antimicrob. 2020; 19: 23. DOI: 10.1186/s12941-02000368-w

Martin RJ, Robertson AP, Choudhary S: Ivermectin: an anthelmintic, an insecticide, and much more. Trends
Parasitol. 2021;37(1):48—64.D0I:10.1016/j.pt.2020.10.005

Delandre O, Gendrot M, Jardot P, et al.: Antiviral activity of repurposing ivermectin against a panel of 30 clinical
SARS-CoV-2 strains belonging to 14 variants. Pharm. 2022; 15: 445. DOI: 10.3390/ph15040445

Kumar ND, ter Ellen BM, Bouma EM, et al.: Moxidectin and ivermectin inhibit SARS-CoV-2 replication in Vero E6
cells but not in human primary bronchial epithelial cells. Antimicrob Agents Chemother. 2022; 66(1): e01543-21.
DOI:10.1128/AAC.01543-21

GossenKR,Zhang M, NikolovZL, Fernando SD, King MD: Binding behavior of receptor binding domain of the SARS-
CoV-2virusandivermectin. SciRep.2024;14:2743.D0I:10.1038/s41598-024-53086-0

Low ZY, Yip AJW, Lal SK: Repositioningivermectin for Covid-19 treatment: molecular mechanisms of action against

SARS-CoV-2 replication. BAMol Basis Dis. 2022; 1868: 166294. DOI: 10.1016/j.bbadis.2021.166294
19

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

Rahmani D, Jafari A, Kesharwani P, Sahebkar A: Molecular targets in SARS-CoV-2 infection: an update on
repurposed drug candidates. Pathol Res Pract. 2024; 263: 155589. DOI: 10.1016/j. prp.2024.155589

Mastrangelo E, Pezzullo M, De Burghgraeve T, et al.: Ivermectin is a potent inhibitor of flavivirus replication
specifically targeting NS3 helicase activity: new prospects for an old drug. J Antimirob Chemother. 2012; 67:
1884-94.DO0I:10.1093/jac/dks147

Wehbe Z, Wehbe M, Iratni R, et al.: Repurposing ivermectin for COVID-19: Molecular aspects and therapeutic
possibilities. FrontImmunol.2021;12:663586. DOI: 10.3389/fimmu.2021.663586

Wagstaff KM, Sivakumaran H, Heaton SM, Harrich D, Jans DA: lvermectin is a specific inhibitor of importin a/p-
mediated nuclear import able to inhibit replication of HIV-1 and dengue virus. Biochem J. 2012; 443: 851-6. DOI:
10.1042/BJ20120150

Caly L, Wagstaff KM, Jans DA: Nuclear trafficking of proteins from RNA viruses: potential target for antivirals?
Antiviral Res.2012;95:202—6.DOI: 10.1016/j.antiviral.2012.06.008

Jans DA, Martin AJ, Wagstaff KM: Inhibitors of nuclear transport. Curr Opin Cell Biol. 2019; 58: 50-60. DOI:
10.1016/j.ceb.2019.01.001

Yang SNY, Atkinson SC, Wang C, et al.: The broad spectrum antiviral ivermectin targets the host nuclear transport
importin a/B1 heterodimer. Antiviral Res. 2020; 177: 104760.DOI: 10.1016/j.antiviral.2020.104760

Choudhary R, Sharma AK: Potential use of hydroxychloroquine, ivermectin and azithromycin drugs in fighting
COVID-19: trends, scope and relevance. New Microbe New Infect. 2020; 35: 100684. DOI:
10.1016/j.nmni.2020.100684

Rizzo E: Ivermectin, antiviral properties and COVID-19: a possible new mechanism of action. Naunyn
Schmiedebergs Arch Pharmacol. 2020; 393:1153-6. DOI: 10.1007/s00210-020-01902-5

Takeda Y, Takeda Y: Ivermectin binds to the allosteric site (site 2) and inhibits allosteric integrin activation by pro-
inflammatory cytokines. bioRxiv preprint. April 30, 2025. DOI: 10.1101/2025.04.30.651550

Matsuyama T, Kubli SP, Yoshinaga SK, Pfeffer K, Mak TW: An aberrant STAT pathway is central to COVID-19. Cell
Death Differ. 2020; 27:3209-25. DOI: 10.1038/s41418-020-00633-7

Portmann-Baracco A, Bryce-Alberti M, Alfonso-Accinelli R: Antiviral and anti-inflammatory properties of
ivermectin and its potential use in Covid-19. Arch Bronconeumol (Engl Ed). 2020; 56(12): 831—-6. DOI:
10.1016/j.arbres.2020.06.011

Zang X, Song Y, Ci X, et al.: lvermectin inhibits LPS-induced production of inflammatory cytokines and improves
LPS-induced survivalin mice. Inflamm Res. 2008; 57: 524—9. DOI: 10.1007/ s00011-008-8007-8

Sheim DE: Ivermectin for COVID-19 treatment: clinical response at quasi-threshold doses via hypothesized
alleviation of CD147-mediated vascular occlusion. SSRN preprint.July 1,2021.DOI: 10.2139/ssrn.3636557

20

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

44)

45)

46)

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

Scheim DE: A Deadly Embrace: hemagglutination mediated by SARS-CoV-2 spike protein at its 22 N-glycosylation
sites, red blood cell surface sialoglycoproteins, and antibody. Int J Mol Sci. 2022; 23: 2558. DOI:
10.3390/ijms23052558

Scheim DE, Vottero P, Santin AD, Hirsh AG: Sialylated glycan bindings from SARS-CoV-2 spike protein to blood and
endothelial cells govern the severe morbidities of COVID-19. Int J Mol Sci. 2023; 24: 17039. DOI:
10.3390/ijms242317039

Hazan S: Microbiome-based hypothesis on ivermectin's mechanism in COVID-19: ivermectin feeds
Bifidobacteria to boostimmunity. Front Microbiol. 2022; 13:952321. DOI: 10.3389/ fmicb.2022.952321

Maurya DK: A combination of ivermectin and doxycycline possibly blocks the viral entry and modulate the innate
immune response in COVID-19 patients. ChemRxiv preprint. September 7, 2020. DOI:
10.26434/chemrxiv.12630539.v1

Aminpour M, Cannariato M, Preto J, et al.: In silico analysis of the multi-targeted mode of action of ivermectinand
related compounds. Computation.2022; 10: 51. DOI: 10.3390/computation10040051

Patil VM, Verma S, Masand N: Prospective mode of action of ivermectin: SARS-CoV-2. Eur ) Med Chem Rep. 2021;
4:10018.D0I:10.1016/j.ejmcr.2021.100018

Saha JK, Raihan J: The binding mechanism of ivermectin and levosalbutamol with spike protein of SARS-CoV-2.
Struct Chem.2021;32:1985-92.D0I:10.1007/s11224-021-01776-0

Lefebvre M, Chahinian H, La Scola B, Fantini J: Characterization and fluctuations of an ivermectin binding site at
the lipid raft interface of the N-terminal domain (NTD) of the spike protein of SARS-CoV-2 variants. Viruses. 2024;
16:1836.D0I:10.3390/v16121836

GaoK, WangR, ChenJ, etal.: Methodology-centered review of molecular modeling, simulation, and prediction of
SARS-CoV-2.ChemRev.2022;122:11287-368.DO0I:10.1021/acs.chemrev.1c00965

Dayer MR: Coronavirus (SARS-CoV-2) deactivation via spike glycoprotein shielding by old drugs: molecular
dockingapproach.J Epigenet.2022;2(2):31-8.D0I:10.22111/JEP.2022.37743.1028

Kalhor H, SadeghiS, Abolhasani H, Kalhor R, Rahimi H: Repurposing of the approved small molecule drugs in order
to inhibit SARS-CoV-2 S protein and human ACE2 interaction through virtual screening approaches. J Biomol
Struct Dyn.2022;40(3):1299-315.D0I: 10.1080/07391102.2020.1824816

Lehrer S, Rheinstein PH: lvermectin docks to the SARS-CoV-2 spike receptor-binding domain attached to ACE2. In
vivo.2020;34:3023-6.D0I:10.21873/invivo.12134

Eweas AF, Alhossary AA, Abdel-Moneim AS: Molecular docking reveals ivermectin and remdesivir as potential

repurposed drugs against SARS-CoV-2. Front Microbiol. 2021; 11:592908.
DOI: 10.3389/fmich.2020.592908

21

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

57)

58)

59)

60)

61)

62)

63)

64)

65)

66)

67)

68)

Choudhury A, Das NC, Patra R, et al.: Exploring the binding efficacy of ivermectin against the key proteins of SARS-
CoV-2 pathogenesis: aninsilicoapproach. Future Virol.2021; 16(4): 277—
91.DO0I:10.2217/fvl-2020-0342

Arouche TDS, Martins AY, Ramalho TC, et al.: Molecular docking of azithromycin, ritonavir, lopinavir, oseltamivir,
ivermectin and heparin interacting with Coronavirus disease 2019 main and severe acute respiratory syndrome
Coronavirus-2 3C-like proteases.J Nanosci Nanotechnol. 2021; 21(4): 2075-89. DOI: 10.1166/jnn.2021.19029

Mody V, Ho J, Wills S, et al.: Identification of 3-chymotrypsin like protease (3CLPro) inhibitors as potential anti-
SARS-CoV-2 agents. Commun Biol. 2021; 4:93. DOI: 10.1038/s42003-02001577-x

Alvarado YJ, Olivarez Y, Lossada C, et al.: Interaction of the new inhibitor paxlovid (PF07321332) and ivermectin
with the monomer of the main protease SARS-CoV-2: a volumetric study based on molecular dynamics, elastic
networks, classical thermodynamics and SPT. Comput Biol Chem. 2022; 99: 107692. DOI:
10.1016/j.compbiolchem.2022.107692

Francés-Monerris A, Garcia-lriepa C, Iriepa |, et al.: Has ivermectin virus-directed effects against SARS-CoV-2?
Rationalizing the action of a potential multitarget antiviral agent. ChemRxiv preprint. August 10, 2020. DOI:
10.26434/chemrxiv.12782258.v1

Khater S, Das G: Repurposing ivermectin to inhibit the activity of SARS-CoV-2 helicase: possible implications for
COVID 19therapeutics. OSF preprint. May 3,2020.DOI: 10.31219/osf.io/8dseq

Gonzdlez-Paz L, Hurtado-Ledn ML, Lossada C, et al.: Comparative study of the interaction of ivermectin with
proteins of interest associated with SARS-CoV-2: acomputational and biophysical approach. Biophys Chem. 2021,
278:106677.D0I:10.1016/j.bpc.2021.106677

Parvez SA, Karim A, Hasan M, et al.: Prediction of potential inhibitors for RNA-dependent RNA polymerase of
SARS-CoV-2 using comprehensive drug repurposing and molecular docking approach. IntJ Biol Macromol. 2020,
163:1787-97.D0I:10.1016/j.ijbiomac.2020.09.098

Swargiary A: lvermectin as a promising RNA-dependent RNA polymerase inhibitor and a therapeutic drug against
SARS-CoV2: evidence from in silico studies. Research Square preprint, September 9, 2020. DOI: 10.21203/rs.3.rs-
73308/v1

Azam F, Taban IM, Eid EM, et al.: An in-silico analysis of ivermectin interaction with potential SARS-CoV-2 targets
and host nuclearimportin a. ) Biomol Struct Dyn. 2020; 40(6): 2851—-64. DOI: 10.1080/07391102.2020.1841028

Farasat A, Hooshmand A, Zolghadr L, Gheibi N: In silico analysis of ivermectin interaction with NF-kB, MAPK10,
and MAPK14 inflammatory agents as a candidate for treatment of COVID-19 disease. J Inflamm Dis. 2023; 27(2):
€150908.DOI:10.69107/jid-150908

BoschiC, Scheim DE, Bancod A, et al.: SARS-CoV-2 spike proteininduces hemagglutination:
implications for COVID-19 morbidities and therapeutics and for vaccine adverse effects. Int J Mol Sci. 2022; 23:
15480.D0I:10.3390/ijms232415480

22

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

69)

70)

71)

72)

73)

74)

75)

76)

77)

78)

79)

80)

81)

Vottero P, Tavernini S, Santin AD, Scheim DE, Tuszynski JA, Aminpour M: Computational prediction of the
interaction ofivermectin with fibrinogen. IntJ Mol Sci. 2023; 24:11449.DOI: 10.3390/ijms241411449

Kinobe RT, Owens L: A systematic review of experimental evidence for antiviral effects of ivermectin and an in
silico analysis of ivermectin's possible mode of action against SARS-CoV-2. Fundam Clin Pharmacol. 2021; 35:
260-76.D0I:10.1111/fcp.12644

Ojha PK, Kar S, Krishna JG, Roy K, Leszczynski J: Therapeutics for COVID-19: from computation to
practices—where we are, where we are heading to. Mol Divers. 2021; 25: 625-59. DOI: 10.1007/s11030-020-
10134

Arévalo AP, Pagotto R, Pérfido JL, et al.: lvermectin reduces in vivo coronavirus infection in a mouse experimental
model.SciRep.2021;11:7132.DO0I: 10.1038/541598-021-86679-0

de Melo GD, Lazarini F, Larrous F, et al.: Attenuation of clinical and immunological outcomes during SARS-CoV-2
infection by ivermectin. EMBO Mol Med. 2021;13:e14122.DO0I: 10.15252/emmm.202114122

Uematsu T, Takano T, Matsui H, Kobayashi N, Omura S, Hanaki H: Prophylactic administration of ivermectin
attenuates SARS-CoV-2 induced disease in a Syrian Hamster Model. J Antibiot. 2023; 76: 481-88. DOI:
10.1038/s41429-023-00623-0

Foo CS, Abdelnabi R, Vangeel L, et al.: lvermectin does not protect against SARS-CoV-2 infection in the Syrian
Hamster Model. Microorganisms. 2022; 10: 633. DOI: 10.3390/microorganisms10030633

Juki¢ M, Kores K, Janezi¢ D, Bren U: Repurposing of drugs for SARS-CoV-2 using inverse docking fingerprints. Front
Chem.2021;9:757826.D0I:10.3389/fchem.2021.757826

Qureshi U, MirS, NazS, Nur-e-Alam M, Ahmed S, Ul-Haqg Z: Mechanisticinsights into the inhibitory activity of FDA
approved ivermectin against SARS-CoV-2: old drug with new implications. J Biomol Struct Dyn. 2021; 40(17):
8100-11.D0I:10.1080/07391102.2021.1906750

Gayozo E, Rojas L, Barrios J: Binding affinities analysis of ivermectin, nucleocapsid and ORF6 proteins of SARS-CoV-
2 to human importins a isoforms: a computational approach. Biotecnia. 2025; 27: e2485. DOI:
10.18633/biotecnia.v27.2485

Scheim DE, Parry PI, Rabbolini DJ, et al.: Back to the basics of SARS-CoV-2 biochemistry: microvascular occlusive
glycan bindings govern its morbidities and inform therapeutic responses. Viruses. 2024; 16(4): 647. DOI:
10.3390/v16040647

Stone JC, Ndarukwa P, Scheim D, et al.: Changes in SpO2 on room air for 34 severe COVID-19 patients after
ivermectin-based combination treatment: 62% normalization within 24 hours. Biologics. 2022; 2: 196-210. DOI:
10.103390/biologics2030015

Hazan S, Dave S, Gunaratne AW, et al.: Effectiveness of ivermectin-based multidrug therapy in severely hypoxic,
ambulatory COVID-19 patients. Future Microbiol. 2022; 17:339-50. DOI:

10.2217/fmb-2022-0014 .

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

82)

83)

84)

85)

86)

87)

88)

89)

90)

91)

92)

93)

Babalola OE, Ndanusa YA, Ajayi AA, Ogedengbe JO, Thairu Y, Omede O: Arandomized controlled trial of ivermectin
monotherapy versus hydroxychloroquine, ivermectin, and azithromycin combination therapy in COVID-19
patientsin Nigeria.J Infect Dis Epidemiol. 2021; 7: 233.D0I: 10.23937/2474-3658/1510233

Gkioulekas E, McCullough PA, Aldous C: Critical appraisal of multidrug therapy in the ambulatory management of
patients with COVID-19 and hypoxemia. Part |. Evidence supporting the strength of association. Jpn J Antibiot.
2025;78(1):2-34.D0I:10.11553/antibiotics.78.1_2

Gkioulekas E, McCullough PA, Aldous C: Critical appraisal of multidrug therapy in the ambulatory management of
patients with COVID-19 and hypoxemia. Part lI: causal inference using the Bradford Hill criteria. Jpn J Antibiot.
2025;78(1):35-68.DOI: 10.11553/antibiotics.78.1_35

Gonzdlez Canga A, Sahagun Prieto AM, Diez Liébana MyJ, et al.: The pharmacokinetics and interactions on
ivermectinin humans—a mini-review. AAPSJ. 2008;10(1): 42—6.DO0I:10.1208/s12248-007-9000-9

Duthaler U, Leisegang R, Karlsson MO, Krdhenbiihl S, Hammann F: The effect of food on the pharmacokinetics of
oralivermectin.J Antimicrob Chemothr. 2020; 75:438-40.DOI: 10.1093/ jac/dkz466

Arshad U, Pertinez H, Box H, et al.: Prioritization of anti-SARS-Cov-2 drug repurposing opportunities based on
plasma and target site concentrations derived from their established Human pharmacokinetics. Clin Pharmacol
Ther.2020;108(4): 775-90.DO0I:10.1002/cpt.1909

Schmith VD, Zhou J, Lohmer LRL: The approved dose of ivermectin alone is not the ideal dose for the treatment of
COVID-19.ClinPharmacol Ther. 2020; 108(4): 762—5.D0I: 10.1002/ cpt.1889

Momekov G, Momekova D: Ivermectin as a potential COVID-19 treatment from the pharmacokinetic point of
view: antiviral levels are not likely attainable with known dosing regimens. Biotech Biotech Equip. 2020; 34(1):
469-74.D0I:10.1080/13102818.2020.1775118

Pefia-Silva R, Duffull SB, Steer AC, Jaramillo-Rincon SX, Gwee A, Zhu X: Pharmacokinetic considerations on the
repurposing of ivermectin for treatment of COVID-19. Br J Clin Pharmacol. 2021; 87: 1589-90. DOI:
10.1111/bcp.14476

Jermain B, Hanafin PO, Yanguang C, Lifschitz A, Lanusse C, Rao GG: Development of a minimal physiologically-
based pharmacokinetic model to simulate lung exposure in humans following oral administration of ivermectin
for COVID-19 drugrepurposing.) Pharm Sci. 2020; 109(12): 3574—-8.D0I: 10.1016/j.xphs.2020.08.024

Duenas-Gonzalez A: The pharmacokinetic rationale of ivermectin for COVID-19 therapy. Preprint; Authorea.
October25,2021.D0I:10.22541/au.163513079.90720371/v1

Ceballos L, Alvarez L, Lifschitz A, Lanusse C: lvermectin systemic availability in adult volunteers treated with

different oral pharmaceutical formulations. Biomed Pharmacother. 2023; 160: 114391. DOI:
10.1016/j.biopha.2023.114391

24

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

94)

95)

96)

97)

98)

99)

100)

101)

102)

103)

104)

105)

106)

Sharun K, Shyamkumar TS, Aneesha VA, Dhama K, Pawde AM, Pal A: Current therapeutic applications and
pharmacokinetic modulations of ivermectin. Vet World. 2019; 12(8): 1204-11. DOI:
10.14202/vetworld.2019.1204-1211

Juan C, Rodriguez D, Ceballos L, Lanusse C, Gallo L, Vidal NG: Development of ivermectin orally disintegrating
tablets using factorial design: in-vitro evaluation and in vivo absorption patternin rats. J Drug Deliv Sci Tech. 2023;
87:104757.D0I:10.1016/j.jddst.2023.104757

Madawi EA, El-Laithy HM, Elsayyad NME, Rawas-Qalaji M, Alhalaweh A, Ahmed IS: Development and
optimization of lyophilized dry emulsion tablet for improved oral delivery of ivermectin. J Drug Deliv Sci Tech.
2025;108:106941.DO0I: 10.1016/j.jddst.2025.106941

Formiga FR, Leblanc R, de Souza Rebougas J, Farias LP, de Oliveira RN, Pena L: lIvermectin: an award-winning drug
with expected antiviral activity against COVID-19. J Contr Release. 2021; 329: 758-61. DOI:
10.1016/j.jconrel.2020.10.009

Madrid RRM, Mathews PD, Patta ACMF, et al.: Safety of oral administration of high doses of ivermectin by means
of biocompatible polyelectrolytes formulation. Heliyon. 2021; 7: €05820. DOI: 10.1016/j.heliyon.2020.e05820

Surnar B, Kamran MZ, Shah AS, Dhar S: Clinically approved antiviral drugin an orally administrable nanoparticle for
COVID-19. ACS Pharmacol Transl Sci. 2020; 3: 1371-80. DOI: 10.1021/ acsptsci.0c00179

Errecaldel, Lifschitz A, Vecchioli G, etal.: Ivermectin repurposing for COVID-19 therapy:
safety and pharmacokinetic assessment of a novel nasal spray formulation in a pig model. J Pharm Sci. 2021; 110:
2501-07.D0I:10.1016/j.xphs.2021.01.017

Wissel S, Wissel P, Rischer M, et al.: Tolerability, safety, and pharmacokinetics of ivermectin after nasal application
in healthy adultsubjects. ) Clin Pharmacol. 2026; 66(1):e70137.DOI: 10.1002/jcph.70137

Mittal N, Mittal R: Inhaled route and anti-inflammatory action of ivermectin: do they hold promise in fighting
against COVID-19? Med Hypotheses.2021; 146:110364.D0I: 10.1016/j. mehy.2020.110364

Albarigi AH, Wang Y, Chang RYK, et al.: Pharmacokinetics and safety of inhaled ivermectin in mice as a potential
COVID-19treatment. IntJPharm.2022;619:121688.DO0I: 10.1016/j.ijpharm.2022.121688

SahaT, Sinha S, Harfoot R, Quifiones-Mateu ME, Das SC: Manipulation of spray-drying conditions to develop an
inhalableivermectin dry powder. Pharm. 2022; 14: 1432. DOI: 10.3390/pharmaceutics14071432

Bhorat QE, Bhorat AE: A qualitative analysis of seven ivermectin formulations in South Africa. S Afr Med J. 2021,
111(4):288-90.D0I:10.7196/SAMJ.2021.v111i4.15630

De Sole G, Remme J, Awadzi K, et al.: Adverse reactions after large-scale treatment of onchocerciasis with

ivermectin: combined results from eight community trials. Bull World Health Organ. 1989; 67(6): 707—19.
https://pmc.ncbi.nlm.nih.gov/articles/PMC2491300/

25

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

107)

108)

109)

110)

111)

112)

113)

114)

115)

116)

117)

118)

119)

Guzzo CA, Furtek Cl, Porras AG, et al.: Safety, tolerability, and pharmacokinetics of escalating high doses of
ivermectin in healthy adult subjects. J Clin Pharmacol. 2002; 42(10): 1122-33. DOI:
10.1177/009127002401382731

Merck & Co., Inc.: Merck statement onivermectin use during the COVID-19 pandemic. February
4,2021. https://www.merck.com/news/merck-statement-on-ivermectin-use-during-the-covid19-pandemic/

de CastroJr CG, Gregianin LJ, Burger JA: Continuous high-dose ivermectin appears to be safe in patients with acute
myelogenous leukemia and could inform clinical repurposing for COVID-19 infection. Leuk Lymphoma. 2020;
61(10):2536—37.D0I:10.1080/10428194.2020.1786559

ZaheerT, Pal K, Abbas RZ, Torres MdPR: COVID-19 and ivermectin: potential threats associated with human use. J
Mol Struct.2021; 1243:130808. DOI: 10.1016/j.molstruc.2021.130808

Campillo JT, Boussinesq M, Bertout S, Faillie J-L, Chesnais CB: Serious adverse reactions associated with
ivermectin: a systematic pharmacovigilance study in sub-Saharan Africa and in the rest of the World. PLoS Neg|
Trop Dis.2021; 15(4): e0009354.DOI: 10.1371/journal.pntd.0009354

Campillo JT, Faillie J-L: Adverse drug reactions associated with ivermectin use for COVID-19 reported in the World
Health Organization's pharmacovigilance database. Therapie. 2022; 77(6): 747-9. DOI:
10.1016/j.therap.2022.03.002

Montastruc J-L: Adverse drug reactions and ivermectin in COVID-19. Therapie. 2022; 77: 633—4,
10.1016/j.therap.2022.04.003

Johnson-Arbor K: Ivermectin: a mini-review. Clin Toxicol. 2022; 60(5): 571-5. DOI: 10.1080/
15563650.2022.2043338

Shirazi FM, Mirzaei R, Nakhaee S, Nejatian A, GhafariS, Mehrpour O: Repurposing the drug, ivermectin, in COVID-
19:toxicological points of view. EurJ Med Res. 2022; 27:21.DOI:
10.1186/s40001-022-00645-8

Ngan DK, Xu T, Xia M, Zheng W, Huang R: Repurposing drugs as COVID-19 therapies: a toxicity evaluation. Drug
DiscovToday.2022;27(7):1983-93.D0I:10.1016/j.drudis.2022.04.001

U.S. Centers for Disease Control and Prevention: Rapid increase in ivermectin prescriptions and reports of severe
illness associated with use of products containing ivermectin to prevent or treat COVID-19. Health Alert Network
449, August 26,2021. https://stacks.cdc.gov/view/cdc/109271

Temple C, Hoang R, Hendrickson RG: Toxic effects from ivermectin use associated with prevention and treatment
of Covid-19.NEngJMed. 2021;385(23):2197-8.D0I: 10.1056/ NEJMc2114907

Hoang R, Temple C, Correia MS, Clemons J, Hendrickson RG: Characteristics of ivermectin toxicity in patients
taking veterinary and human formulations for the prevention and treatment of COVID-19. Clin Toxicol. 2022;
60(12): 1350-5.DO0I: 10.1080/15563650.2022.2134788

26

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

120)

121)

122)

123)

124)

125)

126)

127)

128)

129)

130)

131)

132)

Lorente VP-F, Voigt G, du Plessis CE, et al.: Ivermectin exposures reported to the Poisons Information Helpline in
South Africa during the COVID-19 pandemic. S Afr Med J. 2022; 112(8): 522-5. DOI:
10.7196/SAMIJ.2022.v112i8.16473

Porubcin S, Rovnakova A, Zahornacky O, Jarcuska P: Intravenous veterinary ivermectin in a COVID-19 patient
causing neurotoxicity. IDCases. 2022; 27:e01446.D0I: 10.1016/j.idcr.2022.e01446

Akhlaq H, Zolezi S, Farhat F, et al.: COVID-19 prophylaxis gone terribly wrong: case of ivermectin toxicity. Chest J.
2023;164(4); Suppl,A2340-1.DO0I:10.1016/j.chest.2023.07.1572

U.S. Food and Drug Administration: lvermectin and COVID-19. Consumer Update, April 5, 2024.
https://www.fda.gov/consumers/consumer-updates/ivermectin-and-covid-19

Idonije OB, Asika EC, Okhiai O, Nweke IN: Effects of ivermectin therapy on the sperm functions of Nigerian
onchocerciasis patients. Arch Appl Sci Res. 2011; 3(3): 533-43.
https://www.scholarsresearchlibrary.com/articles/effects-of-ivermectin-therapy-on-the-sperm-functions-of-
nigerianonchocerciasis-patients.pdf

Collins AB, Zhao L, Zhu Z, et al.: Impact of COVID-19 on male fertility. Urology. 2022; 164: 33-9. DOI:
10.1016/j.urology.2021.12.025

Yuan L, Sun W, Dong Z, et al.: COVID-19 infection was associated with poor sperm quality: a cross-sectional and
longitudinal clinical observation study. Sci Rep. 2025; 15:11380.DOI: 10. 1038/s41598-025-94570-5

Mansour SM, Shamma RN, Ahmed KA, et al.: Safety of inhaled ivermectin as a repurposed direct drug for
treatment of COVID-19: a preclinical tolerance study. Int Immunopharmacol. 2021; 99: 108004. DOI:
10.1016/j.intimp.2021.108004

Hirsh RR, Carvallo HE: Covid 19 and ivermectin prevention and treatment update. J Infect Dis Travel Med. 2020;
4(S-1):1-4.DOI: 10.23880/jidtm-1600051-007

Bemigaud C, Guillemot D, Ahmed-Belkacem A, et al.: Oral ivermectin for a scabies outbreak in a long-term care
facility: potential value in preventing COVID-19 and associated mortality. Br J Dermatol. 2021; 184: 1207-9. DOI:
10.1111/bjd.19821

GonzalezJLB, Gamez MG, Enciso EAM, et al.: Efficacy and safety of ivermectin and hydroxychloroquine in patients
with severe COVID-19:arandomized controlled trial. Infect Dis Rep. 2022; 14: 160—-8. DOI: 10.3390/idr14020020

Ochoa-Jaramillo F, Cardona-Castro N, Rodriguez-VegaF, etal.: Clinical efficacy and safety of ivermectin (400 ug/kg,
single dose) in patients with severe COVID-19: a randomized clinical trial. Infectio. 2022; 26(4): 399-406. DOI:
10.22354/24223794.1105

Mikamo H, Takahashi S, Yamagishi Y, et al.: Efficacy and safety of ivermectin in patients with mild COVID-19 in
JapanandThailand. ) Infect Chemothr. 2024;30:536—43.DOI: 10.1016/j.jiac.2023.12.012

27

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

133)

134)

135)

136)

137)

138)

139)

140)

141)

142)

143)

144)

145)

SalamaHAE-SA, Ahmed EE-S, Amin GEE-D, et al.: Role ofivermectin and colchicine in the treatment of COVID-19: a
randomized controlled clinical trial.J Infect Dev Ctries. 2024; 18(12.1): S298—304. DOI: 10.3855/jidc.19862

Siripongboonsitti T, Tawinprai K, Avirutnan P, Jitobaom K, Auewarakul P: A randomized trial to assess the
acceleration of viral clearance by the combination Favipiravir/lvermectin/Niclosamide in mild-to-moderate
COVID-19 adult patients (FINCOV).J Infect Public Health. 2024; 17: 897—905. DOI: 10.1016/].jiph.2024.03.030

Varnaseri M, AminiF, Jamshididan R, et al.: Ivermectin as a potential addition to the limited antiCOVID-19 arsenal:
adouble-blindedclinicaltrial. JundishapurJ Health Sci. 2024; 16(2): €146703.DOI: 10.5812/jjhs-146703

Wijewickrema A, Banneheke H, Pathmeswaran A, et al.: Efficacy and safety of oral ivermectin in the treatment of
mild to moderate Covid-19 patients: a multi-centre double-blind randomized controlled clinical trial. BMC Infect
Dis.2024;24:719.D0I:10.1186/512879-024-09563-y

Wagstaff KM, Stein MS, Herschtal A, et al.: A pilot, randomised, placebo-controlled, doubleblind trial of a single
oral dose of ivermectin for post-exposure prophylaxis of SARS-CoV-2. Pharmaceutics. 2025; 17: 1205. DOI:
10.3390/pharmaceutics17091205

Nufiez AC, Leyva Cervantes JM, Ordofiez Judrez MA, et al.: Therapeutic efficacy of ivermectin as an adjuvantin the
treatment of patients with COVID-19. Int J Innov Res Sci Eng Technol. 2020; 5(7): 211-5. DOI:
10.38124/1JISRT20JUL252

Prasad A: Early administration of ivermectin, azithromycin & doxycycline along with i.v. prednisolone in a case of
COVID-19 disease may lead to early recovery? Int J Pharm Chem Anal. 2020; 7(3): 149-50. DOI:
10.18231/j.ijpca.2020.023

Chuang T-Y, Tsai M-H, Wu L-M, et al.: Successful treatment of tocilizumab and ivermectin for a patient with ARDS
dueto COVID-19.J Microbiol Immunol Infect. 2021; 54: 147-8.DOI: 10.1016/j.jmii.2020.09.007

Pedroso C, Vaz S, Netto EM, et al.: Self-prescribed ivermectin use is associated with a lower rate of seroconversion
in health care workers diagnosed with COVID, in a dose-dependent response. Braz J Infect Dis. 2021; 25(4):
101603.D0I:10.1016/j.bjid.2021.101603

Annie FH, Campbell J, Searls L, Amos J: The effect of ivermectin on cases of COVID-19. Cardiovasc Revasc Med.
2022;44:98-100.D0I:10.1016/j.carrev.2022.06.004

Ascencio-Montiel 1), Tomés-Lépez JC, Alvarez-Medina V, et al.: A multimodal strategy to reduce the risk of
hospitalization/death in ambulatory patients with COVID-19. Arch Med Res. 2022; 53: 323-8. DOI:
/10.1016/j.arcmed.2022.01.002

Ozer M, Goksu SY, ConceptionR, et al.: Effectiveness and safety of lvermectin in COVID-19 patients: a prospective
study ata safety-net hospital. Med Virol. 2021. DOI: 10.1002/jmv.27469

Shimizu K, Hirata H, Kabata D, et al.: Ivermectin administration is associated with lower gastrointestinal
complications and greater ventilator-free days in ventilated patients with COVID-19: a propensity score analysis. J

Infect Chemother. 2022; 28:548-53. DOI: 10.1016/j.jiac.2021.12.024 e

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

146)

147)

148)

149)

150)

151)

152)

153)

154)

155)

156)

157)

158)

Llenas-Garcia J, del Pozo A, Talaya A, et al.: lvermectin effect on in-hospital mortality and need for respiratory
support in COVID-19 pneumonia: propensity score-matched retrospective study. Viruses. 2023; 15: 1138. DOI:
10.3390/v15051138

Corral RH, Gutiérrez JO, Varela A, et al.: Early treatment outcomes of SARS-Cov-2 with ivermectin, nitazoxanide
and acetylsalicylic acid in 2 nursing homes during the COVID-19 pandemic in Cali, Colombia. Glob J Aging Geriatr
Res.2024;3(2):000557.D0I:10.33552/GJAGR. 2024.03.000557

Elgohary MA-S,Hamza N, Ali A, et al.: Safety and efficacy of different therapeutic regimens in Egyptian adults with
moderate COVID-19 infection (EVEREST): a real-world retrospective study. Sci Rep. 2025; 15: 36477. DOI:
10.1038/s41598-025-23660-1

LiJ, Zhou Y, Ma J, et al.: The long-term health outcomes, pathophysiological mechanisms and multidisciplinary
management of long COVID. Signal Transduct Target Ther. 2023; 8:416.DOI: 10.1038/s41392-023-01640-z

Al-kuraishy HM, Al-Gareeb Al, Qusti S, et al.: Covid-19-induced dysautonomia; a menace of sympathetic storm.
Am SocNeurochem.2021;13:1-10.D0I:10.1177/17590914211057635

Iftekhar N, Sivan M: Venous insufficiency and acrocyanosis in long COVID; dysautonomia. Lancet. 2023; 402: e9.
DOI:10.1016/50140-6736(23)01461-7

Kwan AC, Ebinger JE, Wei J, et al.: Apparent risks of postural orthostatic tachycardia syndrome diagnoses after
COVID-19vaccination and SARS-Cov-2 infection. Nature Cardiovasc Res. 2022; 1: 1187-94. DOI: 10.1038/s44161-
022-00177-8

Fedorowski A, Sutton R: Autonomic dysfunction and postural orthostatic tachycardia syndrome in post-acute
COVID-19syndrome. Nature Rev Cardiol. 2023; 20: 281-2. DOI: 10.1038/s41569-023-00842-w

Mallick D, Goyal L, Chourasia P, et al.: COVID-19 induced postural orthostatic tachycardia syndrome (POTS); a
review. Cureus. 2023; 15(3): e36955. DOI: 10.7759/cureus.36955

Narasimhan B, Calambur A, Moras E, Wu L, Aronow W: Postural orthostatic tachycardia syndrome in COVID-19: a
contemporary review of mechanisms, clinical course and management. Vasc Health Risk Manag. 2023; 19:
303-16.D01:10.2147/VHRM.S380270

Park J-H, Park S, Kim N-H, et al.: Postural orthostatic tachycardia syndrome associated with COVID-19: A narrative
review. Medicina. 2024; 60: 1325. DOI: 10.3390/medicina60081325

Ely EW, Brown LM, Fineberg HV: Long Covid defined. N Engl J Med. 2024; 391(18): 1746-53. DOI:
10.1056/NEJMsb2408466

National Academies of Sciences, Engineering, and Medicine: A long COVID definition: a chronic, systemic disease
state with profound consequences. Washington, DC: National Academies Press, 2024.
https://nap.nationalacademies.org/catalog/27768/a-long-covid-definition-achronic-systemic-disease-state-
with

29

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

159)

160)

161)

162)

163)

164)

165)

166)

167)

168)

169)

170)

171)

National Academies of Sciences, Engineering, and Medicine: Long-term health effects of COVID-19: disability and
function following SARS-CoV-2 infection. Washington, DC: National Academies Press, 2024.
https://nap.nationalacademies.org/catalog/27756/long-term-health- effects-of-covid-19-disability-and-
function

National Institute of Allergy and Infectious Diseases: Long COVID and the RECOVER-TLC initiative. NIAID Funding
News, November 6,2024. https://www.niaid.nih.gov/grants-contracts/ long-covid-and-recover-tlc-initiative

Ramonfaur D, Ayad N, Liu PHZ, et al.: The global clinical studies of long COVID. Int J Infect Dis. 2024; 146: 107105.
DOI:10.1016/}.ijid.2024.107105

Elliott MR, O'Connor AE, Marshall GD: Inflammatory pathways in patients with post-acute sequelae of COVID-19.
Ann Allergy Asthmalmmunol.2024: 133:507-15. DOI: 10.1016/j.anai.2024.08.021

Westman H, Hammarstrom P, Nystrom S: SARS-CoV-2 spike protein amyloid fibrils impair fibrin formation and
fibrinolysis. bioRxiv preprint.July 1,2025.DO0I: 10.1101/2025.06.30.661938

Scholkmann F, May C-A: COVID-19, post-acute COVID-19 syndrome (PACS, “long COVID”) and post-COVID-19
vaccination syndrome (PCVS, “post-COVIDvac-syndrome”): similarities and differences. Pathol Res Pract. 2023;
246:154497.DOI: 10.1016/j.prp.2023.154497

Rosen CJ: Viral variants, vaccinations, and long Covid—new insights. N Engl J Med. 2024; 391(6): 561-2. DOI:
10.1056/NEJMe2407575

XieY, ChoiT, Al-Aly Z: Postacute sequelae of SARS-CoV-2 infection in the pre-Delta, Delta, and Omicron eras. N Engl
JMed.2024;391:515-25.DOI: 10.1056/NEJMoa2403211

Aguirre-Chang G, Castillo SaavedraE, Yui Cerna M, Truijillo Figueredo A, Cérdova Masias J: Post-acute or prolonged
COVID-19: treatment with ivermectin for patients with persistent, or post-acute symptoms. ResearchGate
preprint,July 11,2020.

Al-kuraishy HM, Al-Gareeb Al, Alexiou A, Batiha GE-S: Central effects of ivermectin in alleviation of Covid-19-
induced dysautonomia. Curr Drug Targets. 2022; 23:1277-87.D0I:10.2174/13
89450123666220810102406

Aref ZF, Bazeed SEES, Hassan MH, et al.: Possible role of ivermectin mucoadhesive nanosuspension nasal spray in
recovery of post-COVID-19 anosmia. Infect Drug Resist. 2022; 15:5483—94.DOI: 10.2147/IDR.S381715

Krumholz HM, Wu Y, Sawano M, et al.: Post-vaccination syndrome: a descriptive analysis of reported symptoms
and patient experiences after covid-19 immunization. medRxiv preprint, November 10, 2023. DOI:

10.1101/2023.11.09.23298266

Hulscher N, Procter BC, Wynn C, McCullough PA: Clinical approach to post-acute sequelae after COVID-19
infectionandvaccination. Cureus. 2023;15(11):e49204.DOI: 10.7759/cureus.49204

30

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

172)

173)

174)

175)

176)

177)

178)

179)

180)

181)

182)

183)

184)

185)

Clancy R, Borody T: Post-COVID infection/vaccination long COVID syndrome (“COVID spikopathy”). TrialSite
News. March 8,2024; https://www:.trialsitenews.com/a/post-covid-infectionvaccination- long-covid-syndrome-
covid-spikopathy-330ab1f2

Yang Y-F, Singh S: Pharmacogenomic landscape of ivermectin and selective antioxidants: Exploring gene interplay
inthe context of long COVID. IntJ Mol Sci. 2023; 24:15471.DOI: 10.3390/ ijms242015471

Health Information and Quality Authority: COVID-19 Evidence Synthesis. Interventions to improve long COVID
symptoms: a systematic review. Published: 27 July 2023. https://www.hiqa.ie/ sites/default/files/2023-
11/Review-of-Long-COVID-nterventions.pdf

Livieretos A, Gogos C, Akinosoglou K: Beyond antivirals: aternative therapies for long COVID. Viruses. 2024; 16:
1795.D0I:10.3390/v16111795

Low RN, Low RJ, Akrami A: A review of cytokine-based pathophysiology of long COVID symptoms. Front Med.
2023;10:1011936.D0I:10.3389/fmed.2023.1011936

Peluso MJ, Deeks S: Mechanisms of long COVID and the path toward therapeutics. Cell. 2024; 187(20): 5500-29.
DOI:10.1016/j.cell.2024.07.054

Koc HC, Xiao J, Liu W, Li Y, Chen G: Long COVID and its management. Int J Biol Sci. 2022; 18(12): 4768-80. DOI:
10.7150/ijbs.75056

Manu P: Ivermectin and emergence of long COVID. Am J Ther. 2023; 30(2): e145. DOI:
10.1097/MJT.0000000000001607

Lee E, Ozigbo AA, Varon J, et al.: Mitochondrial reactive oxygen species: a unifying mechanism in long COVID and
spike protein-associated injury: a narrative review. Biomolecules. 2025; 15:1339. DOI: 10.3390/biom15091339

Haunhorst S, Bloch W, Javelle F, et al.: A scoping review of regulatory T cell dynamics in convalescent COVID-19
patients—indications for their potential involvement in the development of Long COVID? Front Immunol. 2022;
13:1070994.DO0I:10.3389/fimmu.2022.1070994

Dhawan M, Rabaan AA, Alwarthan S, et al.: Regulatory T cells (Tregs) and COVID-19: unveiling the mechanisms,
and therapeutic potentialities with a special focus on long COVID. Vaccines. 2023; 11: 699. DOI:
10.3390/vaccines11030699

Liu X, Chen L, Peng W, et al.: Th17/Treg balance: the bloom and wane in the pathophysiology of sepsis. Front
Immunol.2024;15:1356869. DOI: 10.3389/fimmu.2024.1356869

Korobova ZR, Arsentieva NA, Butenko AA, et al.: T cell dynamics in COVID-19, long COVID and successful recovery.
IntJMolSci.2025;26:7258.D0I:10.3390/ijms26157258

Xie Y, Jin C, Sang H, Liu W, Wang J: lvermectin protects against experimental autoimmune encephalomyelitis in
mice by modulating the Th17/Treg balance involved in the IL-2/STAT5 pathway. Inflammation. 2023; 46(5):

1626-38.D0I:10.1007/s10753-023-01829-y .

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

186)

187)

188)

189)

190)

191)

192)

193)

194)

195)

196)

197)

198)

Hazan S, Vidal AC, Sfera A: Cholinergic eubiosis: a hypothesis on ivermectin-upregulated Bifidobacterium. Med
Hypotheses. 2025;198(6): 111613.D0I:10.1016/j.mehy.2025.111613

McCullough PA, Alexander PE, Armstrong R, et al.: Multifaceted highly targeted sequential multidrug treatment
of early ambulatory high-risk SARS-CoV-2 infection (COVID-19). Rev Cardiovasc Med. 2020; 21(4): 517-30. DOI:
10.31083/j.rcm.2020.04.264

Jahan Z, Hassan M: Ivermectin the promising drug to stave off the COVID-19 crisis: a review. Bangladesh J Infect
Dis. 2020; 7(2):95-8. DOI: 10.3329/bjid.v7i2.51520

DiNicolantonio JJ, Barroso-Arranda J, McCarty M: lvermectin may be a clinically useful anti-inflammatory agent
forlate-stage COVID-19. Open Heart. 2020; 7: €001350. DOI: 10.1136/0penhrt-2020-001350

Santin A, Scheim DE, McCullough PA, Yagisawa M, Borody TJ: lvermectin: a multifaceted drug of Nobel prize-
honoured distinction with indicated efficacy against a new global scourge, COVID-19. New Microbe New Infect.
2021;43:100924.D0I:10.1016/j.nmni.2021.100924

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 J Ther. 2021; 28(3): e299-318. DOI:
10.1097/MJT.0000000000001377

Kory P, McCarthyJ: The War on Ivermectin. Skyhorse Publishing, New York, USA, 2023, ISBN: 978-1-5107-7386-8

Efimenko|, Nackeeran S, Jabori, et al.: Treatment with ivermectinis associated with decreased mortality in COVID-
19 patients: analysis of a national federated database. Retracted, Int J Infect Dis. 2022; 116S: S40. DOI:
10.1016/].ijid.2021.12.096

Pincus SH: Why are we still talking about ivermectin? Editorial note on Stone et al. Changesin SpO2 on room air for
34 severe COVID-19 patients after ivermectin-based combination treatment. Biologics. 2022; 2: 211-2. DOI:
10.3390/biologics2030016

Gkioulekas E, McCullough PA, Aldous C: Critical appraisal of multidrug therapy in the ambulatory management of
patients with COVID-19 and hypoxemia. MDPI preprint. 2023; 1:0.

Scheim DE, Parry P, Rabbolini DJ, et al.: Back to the basics of SARS-CoV-2 biochemistry: microvascular occlusive
glycan bindings govern its morbidities and inform therapeutic responses. Viruses. 2024; 16(4): 647. DOI:
10.3390/v16040647

Gkioulekas E, McCullough PA, Aldous C: Critical appraisal of multidrug therapy in the ambulatory management of
patients with COVID-19 and hypoxemia. Part |: evidence supporting the strength of association. Jpn J Antibiot.
2025;78(1):2-34.D0I:10.11553/antibiotics.78.1_2

Gkioulekas E, McCullough PA, Aldous C: Critical appraisal of multidrug therapy in the ambulatory management of
patients with COVID-19 and hypoxemia. Part ll: causal inference using the Bradford Hill criteria. Jpn J Antibiot.
2025;78(1):35-68.DO0I: 10.11553/antibiotics.78.1_35

32

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

199)

200)

201)

202)

203)

204)

205)

206)

207)

208)

209)

210)

211)

Chamie JJ, Hibberd JA, Scheim DE: COVID-19 Excess deaths in Peru's 25 states in 2020: nationwide
trends, confounding factors, and correlations with the extent of ivermectin treatment by state. Cureus.
2023;15(8):e43168.DO0I: 10.7759/cureus.43168

Abreu JL: Ivermectin & orthomolecular medicine combination therapy for COVID-19: successful clinical
protocols and a case study. Daena Int J Good Consc. 2020; 15(2): 1-18. http://www.
spentamexico.org/v15-n2/A1.15(2)1-18en.pdf

Salvador-Carrillo J, Campos-Loza L, Guillen-Carbajal D, et al.: Use of ivermectin and factors associated
with the prevention and/or treatment of COVID-19: a cross-sectional online survey in the province of
Chincha, Peru. F1000Research.2024;12:149.DO0I: 10.12688/f1000research. 128675.3

Hirsch RR, Carvallo HE: Ivermectin as prophylaxis against COVID-19 retrospective cases evaluation.
Microbiol Infect Dis. 2020; 4(4): 1-8. DOI: 10.33425/2639-9458.1103

Cobos-Campos R, Api~naniz A, Parraza N, et al.: Potential use of ivermectin for the treatment and
prophylaxis of SARS-CoV-2 infection. Curr Res Transl Med. 2021; 69: 103309. DOI:
10.1016/j.retram.2021.103309

Khanghah RR: Research into potential therapies against COVID-19, with focus on ivermectin.
ResearchGate preprint. August 2022. DOI: 10.2254/au.166187029.95255877/v1

Barati N, Motavallihaghi S, Nikfar B, Chaichian S, Momtazi-Borojeni AA: Potential therapeutic effects of
Ivermectinin COVID-19. Exp Biol Med. 2022; 247:1388-96.DOI: 10.1177/15353702221099579

Wehbe Z, Wehbe M, Iratni R, et al.: Repurposing ivermectin for COVID-19: molecular aspects and
therapeutic possibilities. Front Immunol. 2021; 12: 663586. DOI: 10.3389/fimmu. 2021.663586

Awad H, Hassan B, Dweek S, et al.: Repurposing potential of the antiparasitic agent ivermectin for the
treatment and/or prophylaxis of COVID-19. Pharmaceuticals. 2022; 15: 1068. DOI:
10.3390/ph15091068

Schwartz E: Does ivermectin have a place in the treatment of mild Covid-19? New Microbe New Infect.
2022;46:100985.D0I:10.1016/j.nmni.2022.100985

Schwartz E: Corrigendum to “Does ivermectin have a place in the treatment of mild Covid-19?” [New
Microbes New Infect 46 (C) (2022 Mar) 100985]. New Microbe New Infect. 2022; 48: 101000. DOI:
10.1016/j.nmni.2022.101000

Masoud HH, Elassal G, Hassany M, et al.: Management protocol for COVID-19 patients MoHP protocol
for COVID19 November 2020. ResearchGate November 2020. https://www.researchgate.
net/publication/345813633

Osati EFO, Shayo GA, Sangeda RZ, et al.: Clinical manifestations and treatment outcomes among
hospitalized COVID-19 patients in tertiary hospitals in Tanzania, 2021-2022: a retrospective cohort

33

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

212)

213)

214)

215)

216)

217)

218)

219)

220)

221)

222)

223)

224)

225)

Aldous C, Gkioulekas E, Oldfield P: “Ilvermectin”. In: Varon J, Marik PE, Rendell M, Iglesias J, de Souza C,
Prabhudesai P (eds.) Controversiesinthe Pandemic. Jaypee Brothers Medical Publishers, New Delhi, India; 2024.

Pareek RP, Saxena R, Saxena V: “Ivermectin”—a key in the bunch of keys to unlock the other activities including
educational institutions in COVID-19 pandemic. Int J Sci Res. 2020; 9(10): 939-50. DOI:
10.21275/SR201014195000

Dixit A, Yadav R, Singh AV: lvermectin: potential role as repurposed drug for COVID-19. Malays J Med Sci. 2020;
27(4):154-8.D0I:10.21315/mjms2020.27.4.15

Mathachan SR, Sardana K, Khurana A: Current use of ivermectin in dermatology, tropical medicine, and COVID-
19: an update on pharmacology, uses, proven and varied proposed mechanistic action. Indian Dermatol Online J.
2021;12(4):500-14.D0I:10.4103/idoj.idoj_298_21

Sharma SK, Bhatt P, Asdaq SMB, et al.: Combined therapy with ivermectin and doxycycline can effectively alleviate
the cytokine storm of COVID-19 infection amid vaccination drive: a narrative review. J Infect Public Health. 2022;
15:566—72.D0I:10.1016/j.jiph.2022.03.014

Eerike M, Raj GM, Priyadarshini R, et al.: Ivermectin in COVID-19 management: what is the current evidence?
Infect Disord Drug Targets. 2022; 22(4):e190122200367.DOI: 10.2174/18715 26522666220119114035

Karim A, Shameem M, Talwar A, Talwar D: Impact of comorbidities and inflammatory markers on mortality of
COVID-19 patients. Lung India. 2024; 41(1): 40-6.DOI: 10.4103/lungindia. lungindia_162_23

Chaudhry MW, Zubair SM, Zubairi ABS, Irfan M: Role of ivermectin in patients hospitalized with COVID-19: a
systematic review of literature. Adv Respir Med. 2021; 89:413-8. DOI:
10.5603/ARM.a2021.0088

Alam S, Kamal TB, Sarker MR, et al.: Therapeutic effectiveness and safety of repurposing drugs for the treatment
of COVID-19: position standingin 2021. Front Pharmacol. 2021; 12:659577.DOI: 10.3389/fphar.2021.659577

Munir MZ, Khan AH, Khan TM: Clinical disease characteristics and treatment trajectories associated with
mortality among COVID-19 patients in Punjab, Pakistan. Healthcare. 2023; 11: 1192. DOI:
10.3390/healthcare11081192

Yang S, Shen S, Hou N: Is ivermectin effective in treating COVID-19? Front Pharmacol. 2022; 13: 858693. DOI:
10.3389/fphar.2022.858693

Ohe M: lvermectin treatment for COVID-19. Ewha MedJ. 2021; 44(4): 146-7.DO0I: 10.12771/em;.2021.44.4.146

KalfasS, Visvanathan K, Chan K, Drago J: The therapeutic potential of ivermectin for COVID19: a systematic review
of mechanisms and evidence. medRxiv preprint, December4, 2020.DOI: /10.1101/2020.11.30.20236570

Boretti A: Zinc augments the antiviral potential of HCQ/CQ and ivermectin to reduce the risks of more serious
outcomesfrom COVID-19infection. ) Trace Elem Med Biol. 2022; 71:126954. DOI: 10.1016/j.jtemb.2022.126954

34

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

226)

227)

228)

229)

230)

231)

232)

233)

234)

235)

236)

237)

238)

239)

ParvathaneniV, Gupta V: Utilizing drug repurposing against COVID-19—efficacy, limitations, and challenges. Life
Sci.2020;259:118275.D0I:10.1016/].1fs.2020.118275

Kaur B, Blavo C, Parmar MS: Ivermectin: a multifaceted drug with a potential beyond anti-parasitic therapy.
Cureus.2024;16(3):e56025.DOI: 10.7759/cureus.56025

Halma M, Vottero P: lvermectin, a molecular Swiss army knife: a review of mechanisms, indications and safety
concernsindrug repurposing.J Indep Med. 2025;1(1): 37—69.DOI: 10.71189/JIM/2025/V0O1NO1A05

Castillejos-Lépez M, Torres-Espindola LM, Huerta-Cruz JC, et al.: lvermectin: a controversial focal point during the
COVID-19 pandemic. Life.2022;12:1384.DOI: 10.3390/life12091384

Farfan-Castillo AM, Moreno-Nufiez RS, Zarate-Yuyes FM, Fernandez-Rodriguez LJ, BardalesZuta VH: Use of
ivermectin and chlorine dioxide for COVID-19 treatment and prophylaxis in Peru: a narrative review. Cureus.
2022,14(11):e31836.DO0I:10.7759/cureus.31836

Marques LLM, BenetiSC, Pinzon C, Cardoso FAR: lvermectin as a possible treatment for
COVID-19:areview of the 2022 protocols. BrazJ Biol. 2024; 84:€258325.D0I: 10.1590/15196984.258325

Salama HAESA, El-Shayeb MAE-RH, Hassan ANED, et al.: lvermectin for treatment of COVID-19? World J Med
Microbiol.2022;1(1):30-1.D0OI:10.31586/wjmm.2022.474

Rao MVV, Juneja A, Maulik M, et al.: Emerging trends from COVID-19 research registered in the Clinical Trials
Registry—India. IndianJ Med Res. 2021; 153: 26—63.DOI: 10.4103/ijmr. UIMR_2556_20

KaurH, ShekharN, Sharmas, etal.: lvermectin as a potential drug for treatment of COVID-19:
an in-sync review with clinical and computational attributes. Pharmacol Rep. 2021; 73: 736-49. DOI:
10.1007/s43440-020-00195-y

Alfageeh M, Zakiyah N, Suwantika AA, Shabrina Z: Evaluation of global post-outbreak COVID19 treatment
interventions: a systematic review and bibliometric analysis of randomized controlled trials.  Multidiscip Healthc.
2023;16:4193-209.D0I:10.2147/JIMDH.S448786

Watari T, Tokuda Y, Taniguchi K, Shibuya K: Incidence of and ivermectin prescription trends for COVID-19in Japan.J
GenIntern Med. 2022;38(4): 1078-80.DOI: 10.1007/s11606-022-07877-8

Jans DA, Wagstaff KM: The broad spectrum host-directed agent ivermectin as an antiviral for SARS-CoV-2?
Biochem Biophys Res Commun.2021;538:163-72.D0I:10.1016/j.bbrc. 2020.10.042

Siedner MJ: lvermectin for the Treatment of COVID-19 Disease: too good to pass up or too good to be true? Open
Forum Infect Dis.2021; 8(11): ofab318.DOI: 10.1093/0ofid/ofab318

Van Scoy LJ, Duda SH, Scott AM, et al.: A mixed methods study exploring requests for unproven COVID therapies
such as ivermectin and healthcare distrust in the rural South. Prev Med Rep. 2023; 31: 102104. DOI:
10.1016/j.pmedr.2022.102104

35

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



Global trends in clinical trials of ivermectine for COVID-19 (2026)

REFERENCES

240)

241)

242)

243)

244)

245)

Toussi SS, Hammond JL, Gerstenberger BS, Anderson AS: Therapeutics for COVID-19. Nature Microbiol. 2023; 8:
771-86.DO0I:10.1038/541564-023-01356-4

Hill A, Mirchandani M, Pilkington V: Ivermectin for COVID-19: addressing potential bias and medical fraud. Open
Forum Infect Dis. 2022;9(2): ofab645. DOI: 10.1093/ofid/ofab645

Hill A, Garratt A, LeviJ, et al.: RETRACTED: meta-analysis of randomized trials of ivermectin to treat SARS-CoV-2
infection. Open Forum Infect Dis. 2021; 8(11): ofab358. DOI: 10.1093/0ofid/ ofab358

Schellack N, Padayachee N, Schellack G: lvermectin in the treatment of COVID-19—friend or foe? South African
General Practitioner. 2021;2(1): 15-8.DOI: 10.36303/SAGP.2021.2.1.0055

Ministry of Health Malaysia: Ivermectin for the treatment of COVID-19 infection. Pharm Res Rep. 2022; 5: Special
Issue. https://pharmacy.moh.gov.my/sites/default/files/document-upload/ prr-vol5-special-ivermectin_0.pdf

Scheim DE, Hibberd JA, Chamie-Quintero JJ: Protocol violations in Lépez-Medina et al.: 38 switched ivermectin
(IVM) and placebo doses, failure of blinding, widespread VM sales OTCin Cali,and nearly identical AEs forthe VM
and controlgroups. OSF Preprint. March 9, 2021.

DOI:10.31219/osf.io/u7ewz

36

J. res. appl. med., Volume 5, Number 1, Article 5 https://www.researchandappliedmedicine.com



	1: 01
	2: 02
	3: 03
	4: 04
	5: 05
	6: 06
	7: 07
	8: 08
	9: 09
	10: 10
	11: 11
	12: 12
	13: 13
	14: 14
	15: 15
	16: 16
	17: 17
	18: 18
	19: 19
	20: 20
	21: 21
	22: 22
	23: 23
	24: 24
	25: 25
	26: 26
	27: 27
	28: 28
	29: 29
	30: 30
	31: 31
	32: 32
	33: 33
	34: 34
	35: 35
	36: 36

