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Ivermectin for Prevention and Treatment of COVID-19
Infection: A Systematic Review, Meta-analysis, and Trial
Sequential Analysis to Inform Clinical Guidelines
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Background: Repurposed medicines may have a role against the SARS-CoV-2 virus. The antiparasitic
ivermectin, with antiviral and anti-inflammatory properties, has now been tested in numerous clinical trials.

Areas of uncertainty: We assessed the efficacy of ivermectin treatment in reducing mortality, in sec-
ondary outcomes, and in chemoprophylaxis, among people with, or at high risk of, COVID-19 infection.

Data sources: We searched bibliographic databases up to April 25, 2021. Two review authors sifted for
studies, extracted data, and assessed risk of bias. Meta-analyses were conducted and certainty of the
evidence was assessed using the GRADE approach and additionally in trial sequential analyses for
mortality. Twenty-four randomized controlled trials involving 3406 participants met review inclusion.

Therapeutic Advances: Meta-analysis of 15 trials found that ivermectin reduced risk of death com-
pared with no ivermectin (average risk ratio 0.38, 95% confidence interval 0.19-0.73; n = 2438; I =
49%; moderate-certainty evidence). This result was confirmed in a trial sequential analysis using the
same DerSimonian-Laird method that underpinned the unadjusted analysis. This was also robust
against a trial sequential analysis using the Biggerstaff-Tweedie method. Low-certainty evidence
found that ivermectin prophylaxis reduced COVID-19 infection by an average 86% (95% confidence
interval 79%-91%). Secondary outcomes provided less certain evidence. Low-certainty evidence
suggested that there may be no benefit with ivermectin for “need for mechanical ventilation,”
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whereas effect estimates for “improvement” and “deterioration” clearly favored ivermectin use.
Severe adverse events were rare among treatment trials and evidence of no difference was assessed
as low certainty. Evidence on other secondary outcomes was very low certainty.

Conclusions: Moderate-certainty evidence finds that large reductions in COVID-19 deaths are pos-
sible using ivermectin. Using ivermectin early in the clinical course may reduce numbers progressing
to severe disease. The apparent safety and low cost suggest that ivermectin is likely to have a
significant impact on the SARS-CoV-2 pandemic globally.
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INTRODUCTION

To date, very few treatments have been demonstrated to
reduce the burden of morbidity and mortality from
COVID-19. Although corticosteroids have been proven
to reduce mortality in severe disease,! there has been little
convincing evidence on interventions that may prevent
disease, reduce hospitalizations, and reduce the numbers
of people progressing to critical disease and death.

Ivermectin is a well-known medicine that is
approved as an antiparasitic by the World Health
Organization and the US Food and Drug Administra-
tion. It is widely used in low- and middle-income
countries (LMICs) to treat worm infections.?? Also
used for the treatment of scabies and lice, it is one of
the World Health Organization’s Essential Medicines.*
With total doses of ivermectin distributed apparently
equaling one-third of the present world population,®
ivermectin at the usual doses (0.2-0.4 mg/kg) is con-
sidered extremely safe for use in humans.®” In addi-
tion to its antiparasitic activity, it has been noted to
have antiviral and anti-inflammatory properties, lead-
ing to an increasing list of therapeutic indications.®

Since the start of the SARS-CoV-2 pandemic, both
observational and randomized studies have evaluated
ivermectin as a treatment for, and as prophylaxis
against, COVID-19 infection. A review by the Front
Line COVID-19 Critical Care Alliance summarized
findings from 27 studies on the effects of ivermectin
for the prevention and treatment of COVID-19 infec-
tion, concluding that ivermectin “demonstrates a
strong signal of therapeutic efficacy” against COVID-
19.° Another recent review found that ivermectin
reduced deaths by 75%.10 Despite these findings, the
National Institutes of Health in the United States
recently stated that “there are insufficient data to rec-
ommend either for or against the use of ivermectin for
the treatment of COVID-19,”1! and the World Health
Organization recommends against its use outside of
clinical trials.!?
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Ivermectin has exhibited antiviral activity against a
wide range of RNA and some DNA viruses, for exam-
ple, Zika, dengue, yellow fever, and others.!® Caly
et al* demonstrated specific action against SARS-
CoV-2 in vitro with a suggested host-directed mecha-
nism of action being the blocking of the nuclear import
of viral proteins'#1> that suppress normal immune
responses. However, the necessary cell culture ECs
may not be achievable in vivo.'® Other conjectured
mechanisms include inhibition of SARS-CoV-2 3CLPro
activity'718 (a protease essential for viral replication), a
variety of anti-inflammatory effects,!” and competitive
binding of ivermectin with the viral S protein as shown
in multiple in silico studies.?’ The latter would inhibit
viral binding to ACE-2 receptors suppressing infec-
tion. Hemagglutination via viral binding to sialic acid
receptors on erythrocytes is a recently proposed path-
ologic mechanism?! that would be similarly disrupted.
Both host-directed and virus-directed mechanisms
have thus been proposed, the clinical mechanism
may be multimodal, possibly dependent on disease
stage, and a comprehensive review of mechanisms of
action is warranted.

Developing new medications can take years; there-
fore, identifying existing drugs that can be repurposed
against COVID-19 that already have an established
safety profile through decades of use could play a crit-
ical role in suppressing or even ending the SARS-CoV-
2 pandemic. Using repurposed medications may be
especially important because it could take months,
possibly years, for much of the world’s population to
get vaccinated, particularly among LMIC populations.

Currently, ivermectin is commercially available and
affordable in many countries globally.® A 2018 appli-
cation for ivermectin use for scabies gives a direct cost
of $2.90 for 100 12-mg tablets.?? A recent estimate from
Bangladesh?® reports a cost of US$0.60—US$1.80 for a
5-day course of ivermectin. For these reasons, the
exploration of ivermectin’s potential effectiveness
against SARS-CoV-2 may be of particular importance

www.americantherapeutics.com



Ivermectin for Prevention and Treatment of COVID-19

for settings with limited resources.?* If demonstrated
to be effective as a treatment for COVID-19, the cost-
effectiveness of ivermectin should be considered
against existing treatments and prophylaxes.

The aim of this review was to assess the efficacy of
ivermectin treatment among people with COVID-19
infection and as a prophylaxis among people at higher
risk of COVID-19 infection. In addition, we aimed to
prepare a brief economic commentary (BEC) of ivermec-
tin as treatment and as prophylaxis for COVID-19.2

METHODS

The conduct of this review was guided by a protocol
that was initially written using Cochrane’s rapid
review template and subsequently expanded to a full
protocol for a comprehensive review.2¢

Search strategy and selection criteria

Two reviewers independently searched the electronic
databases of Medline, Embase, CENTRAL, Cochrane
COVID-19 Study Register, and Chinese databases for
randomized controlled trials (RCTs) up to April 25,
2021 (see Appendix 1-3, Supplemental digital con-
tent 1, http:/ /links.lww.com/AJT/A95); current guid-
ance? for the BEC was followed for a supplementary
search of economic evaluations. There were no lan-
guage restrictions, and translations were planned to
be performed when necessary.

We searched the reference list of included studies,
and of two other 2021 literature reviews on ivermec-
tin,? as well as the recent WHO report, which included
analyses of ivermectin.!'> We contacted experts in the
field (Drs. Andrew Hill, Pierre Kory, and Paul Marik)
for information on new and emerging trial data. In
addition, all trials registered on clinical trial registries
were checked, and trialists of 39 ongoing trials or
unclassified studies were contacted to request informa-
tion on trial status and data where available. Many
preprint publications and unpublished articles were
identified from the preprint servers MedRxiv and
Research Square, and the International Clinical Trials
Registry Platform. This is a rapidly expanding evi-
dence base, so the number of trials are increasing
quickly. Reasons for exclusion were recorded for all
studies excluded after full-text review.

Data analysis

We extracted information or data on study design
(including methods, location, sites, funding, study author
declaration of interests, and inclusion/exclusion criteria),
setting, participant characteristics (disease severity, age,
gender, comorbidities, smoking, and occupational risk),
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and intervention and comparator characteristics (dose
and frequency of ivermectin/comparator). The primary
outcome for the intervention component of the review
included death from any cause and presence of COVID-
19 infection (as defined by investigators) for ivermectin
prophylaxis. Secondary outcomes included time to poly-
merase chain reaction (PCR) negativity, clinical recovery,
length of hospital stay, admission to hospital (for out-
patient treatment), admission to ICU or requiring
mechanical ventilation, duration of mechanical ventila-
tion, and severe or serious adverse events, as well as post
hoc assessments of improvement and deterioration. All
of these data were extracted as measured and reported
by investigators. Numerical data for outcomes of interest
were extracted according to intention to treat.

If there was a conflict between data reported across
multiple sources for a single study (eg, between a pub-
lished article and a trial registry record), we contacted
the authors for clarification. Assessments were con-
ducted by 2 reviewers (T.L., T.D., A.B., or G.G.) using
the Cochrane RCT risk-of-bias tool.?” Discrepancies
were resolved by discussion.

Continuous outcomes were measured as the mean
difference and 95% confidence intervalss (CI), and
dichotomous outcomes as risk ratio (RR) and 95% CI.

We did not impute missing data for any of the out-
comes. Authors were contacted for missing outcome
data and for clarification on study methods, where
possible, and for trial status for ongoing trials.

We assessed heterogeneity between studies by
visual inspection of forest plots, by estimation of the
I? statistic (I? =60% was considered substantial hetero-
geneity),?® by a formal statistical test to indicate statis-
tically significant he’cerogeneity,29 and, where possible,
by subgroup analyses (see below). If there was evi-
dence of substantial heterogeneity, the possible rea-
sons for this were investigated and reported. We
assessed reporting biases using funnel plots if more
than 10 studies contributed to a meta-analysis.

We meta-analyzed data using the random effects
model (DerSimonian and Laird method)* using RevMan
54.1 software.?”3! The results used the inverse variance
method for weighting.?” Some sensitivity analyses used
other methods that are outlined below and some calcula-
tions were performed in R3 through an interface® to the
netmeta package.3* Where possible, we performed sub-
group analyses grouping trials by disease severity, inpa-
tients versus outpatients, and single dose versus multiple
doses. We performed sensitivity analyses by excluding
studies at high risk of bias. We conducted further post
hoc sensitivity analyses using alternative methods to test
the robustness of results in the presence of zero events in
both arms in a number of trials®® and estimated odds
ratios [and additionally RR for the Mantel-Haenszel
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(MH) method] using a fixed effects model. The models
incorporate evidence from single-zero studies without
having to resort to continuity corrections. However,
double-zero studies are excluded from the analysis; so,
the risk difference was also assessed using the MH
method as this approach can adequately incorporate trials
with double-zero events. This method can also use a
random-effects component. A “treatment-arm” continuity
correction was used, where the values 0.01, 0.1, and 0.25
were added where trials reported zero events in both
arms. It has been shown that a nonfixed continuity cor-
rection is preferable to the usual 0.5.%5 Other methods are
available but were not considered due to difficulty in
interpretation, sensitivity of assumptions, or the fact they
are rarely used in practice.36-40

Trial sequential analysis

When a meta-analysis is subjected to repeated statisti-
cal evaluation, there is an exaggerated risk that
“naive” point estimates and confidence intervals will
yield spurious inferences. In a meta-analysis, it is
important to minimize the risk of making a false-
positive or false-negative conclusion. There is a
trade-off between the risk of observing a false-
positive result (type I error) and the risk of observing
a false-negative result (type II error). Conventional
meta-analysis methods (eg, in RevMan) also do not
take into account the amount of available evidence.
Therefore, we examined the reliability and conclusive-
ness of the available evidence using trial sequential
analyses (TSA).#3 The DerSimonian-Laird (DL)
method was used because this is most often used in
meta-analytic practice and was also used in the pri-
mary meta-analysis.3

The TSA was used to calculate the required infor-
mation size (IS) to demonstrate or reject a relative
reduction in the risk (RRR) of death in the ivermectin
group, as found in the primary meta-analysis. We
assumed the estimated event proportion in the control
group from the meta-analysis because this is the best
and most representative available estimate. Recom-
mended type I and II error rates of 5% and 10% were
used, respectively (power of 90%),*® powering the
result on the effect observed in the primary meta-
analyses. We did not identify any large COVID-19 tri-
als powered on all-cause mortality, so powering on
some external meaningful difference was not possible.
Any small RRR is meaningful in this context, given the
scale of the pandemic, but the required IS would be
unfeasibly high for this analysis if powered on a small
difference. The only reliable data on ivermectin in its
repurposed role for treatment against COVID-19 will
be from the primary meta-analysis. Therefore, assum-
ing it does not widely deviate from other published
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systematic reviews, a pragmatic decision was therefore
made to power on the pooled meta-analysis effect esti-
mate for all-cause mortality a priori. This is more
reflective of a true meaningful difference. We used a
model variance-based estimate to correct for heteroge-
neity. A continuity correction of 0.01 was used in trials
that reported zero events in one or both arms. The
required IS is the sample size required for a reliable
and conclusive meta-analysis and is at least as large as
that needed in a single powered RCT. The heterogene-
ity corrected required IS was used to construct
sequential monitoring boundaries based on the
O’Brien-Fleming type alpha-spending function for
the cumulative z-scores (corresponding to the cumula-
tive meta-analysis),*> analogous to interim monitoring
in an RCT, to determine when sufficient evidence had
been accrued. These monitoring boundaries are rela-
tively insensitive to the number of repeated signifi-
cance tests. They can be used to further contextualize
the original meta-analysis and enhance our certainty
around its conclusions. We used a two-sided test, so
also considered futility boundaries (to test for no sta-
tistically significant difference) and the possibility that
ivermectin could harm. Sensitivity analyses were per-
formed excluding the trial of Fonseca,** which was a
cause of substantial heterogeneity (but retained in the
core analysis because it was at low risk of bias). Its
removal dramatically reduced 1> and D? (diversity)
estimates, thus reducing the model variance-based
estimate to correct for heterogeneity. Two further sen-
sitivity analyses were performed using 2 alternative
random effect models, namely the Biggerstaff-
Tweedie (BT) and Sidik-Jonkman (S]) methods.*3

All outcomes have been assessed independently by
2 review authors (T.D. and A.B.) using the GRADE
approach,*> which ranks the quality and certainty of
the evidence. The results of the TSAs will also form
part of the judgment for the primary all-cause mortal-
ity outcome. The results are presented in a summary of
findings table. Any differences in judgments were
resolved by discussion with the wider group. We used
Cochrane Effective Practice and Organisation of Care
guidance to interpret the evidence.*¢

RESULTS

Search results and risk-of-bias assessment

The combined and preliminary deduplicated total was
n = 583. We also identified 11 records from other
sources (reference lists, etc). See PRISMA flow diagram
for inclusion and exclusion details of these references
(Figure 1).
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The supplementary search for the BEC identified 17
studies, of which 4 were retrieved in full. No full trial-
or model-based economic evaluations (cost-utility
analyses, cost—effectiveness analyses, or cost-benefit
analyses) were identified.

Twenty-one trials in treatment and 2 trials in pro-
phylaxis of COVID-19 met review inclusion. One
further study*” reported separate treatment and pro-
phylaxis components; we label this study “Elgazzar”
under both questions. In effect, there were 22 trials
in treatment and 3 in prophylaxis. All of these con-
tributed data to at least one review outcome and
meta-analysis. Fifteen trials contributed data for
the primary outcome for ivermectin treatment
(death); 3 studies reported the primary outcome for
prophylaxis (COVID-19 infection). Characteristics of
included studies are given in Table 1. Seventeen
studies*’%3 were excluded as they were not RCTs
and we identified 39 ongoing studies®*192 and 2
studies!?3194 are awaiting classification.

A risk-of-bias summary graph is given in Figure 2.
Eleven studies?*244447,105106-111 ysed satisfactory ran-
dom sequence generation and allocation concealment.
Two trials described satisfactory sequence generation,
but it was unclear whether allocation was
concealed.112113

Ten trials reported adequate blinding of the
participants/personnel and/or the outcome asses-
sOrs.2324,44,105,107,109,110,111,113,114 The others were
either unclear or high risk for blinding. We consid-
ered blinding to be a less important criterion for
evaluation of evidence related to the review’s pri-
mary outcomes, namely death and laboratory-
confirmed COVID-19 infection, which are objective
outcomes.

We did not consider publication on preprint web
sites to constitute a risk of bias because all studies were
scrutinized and peer reviewed by us during the review
process and, where additional information was
needed, we contacted the authors for clarification.

Main findings

Twenty-four RCTs (including 3 quasi-RCTs) involv-
ing 3406 participants were included, with sample
sizes ranging from 24 to 476 participants. Twenty-
two trials in treatment and 3 trials in prophylaxis
met review inclusion, including the trial of Elgazzar
et al, which reported both components. For trials of
COVID-19 treatment, 16 evaluated ivermectin
among participants with mild to moderate COVID-
19 only; 6 trials included patients with severe
COVID-19. Most compared ivermectin with placebo
or no ivermectin; 3 trials included an active compar-
ator (Table 1). Three RCTs involving 738 participants
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11 additional records identified
through other sources

642 records
identified through
database
searching:

Medline 1946 to
April 25 2021 -
156 refs

Embase 1980 to
2021 week 16 -
312 refs

CENTRAL Issue 4
2021 - 73 refs

Cochrane
Covid-19 Study
Register to April
25 2021 - 94 refs

Chinese
databases - 7 refs

583 records after duplicates
remaved

594 records 512 records

excluded

screened

17 full-text articles
excluded, with
reasons

39 refs recorded
as ongoing studies

2 refs awaiting
classification
(apparently
completed trials
with no data)

82 full-text articles
assessed for

eligibility

24 studies
included in
quantitative
synthesis
(meta-analysis)

FIGURE 1. Study flow diagram from search on 25 April
2021.

were included in the prophylaxis trials. Most trials
were registered, self-funded, and undertaken by cli-
nicians working in the field. There were no obvious
conflicts of interest noted, with the exception of two
trials.85139
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Table 1. Summary of study characteristics.

Bryant et al

Sample  Ivermectin dose
Study ID Country Design Funding Participants size and frequency* Comparator Origin of data  Main outcomes reported
COVID-19
treatment
studies
Ahmed 202023 Bangladesh Double- BPL(Pharma); Mild to 72 12 mg X 1 day or Placebo Published in PR Time to viral clearance
blind Bangladesh, moderate X 5 days (3 journal; (PCR -ve), remission

Canada, COVID study arms)* emailed/ of fever and cough

Sweden, and (inpatients) responded within 7 days,

UK govt with data duration of
hospitalization,
mortality, failing to
maintain sats >93%,
adverse events, PCR
-ve at 7 and 14 days

Babalola 2020"°% Nigeria Double- Self-funded Asymptomatic, 62 6 mg every 84 hrs Ritonavir/lopinavir MedRxiv Time to PCR -ve,
blind mild or X 2 wks (arm preprint: laboratory parameters
moderate 1) or12 mg emailed/ (platelets,
COVID (45 every 84 hrs X responded lymphocytes, clotting
inpatients 2 wks (arm 2) with data. time), clinical
and 17 Paper symptom parameters
outpatients) accepted for
publication
Bukhari 2021735 Pakistan Open- None reported  Mild to 100 12 mg X 1 dose SOC MedRxiv Viral clearance, any
label moderate preprint adverse side effects,
Ccovib mechanical
(inpatients) ventilation
Chaccour 202024  Spain Double- Idapharma, Mild COVID 24 0.4 mg/kg X 1 Placebo Published in PR PCR +ve at day 7,
blind ISGlobal, (outpatients) dose journal proportion

and the symptomatic at day

University of 4,7,14,21,

Navarra progression, death,
adverse events

Chachar 2020""2  Pakistan Open- Self-funded Mild COVID 50 12mg at 0, 12, soc Published in PR Symptomatic at day 7
label (outpatients) and 24 hours journal
(3 doses)
Chowdhury Bangladesh Quasi- None reported  Outpatients with 116 0.2 mg/kg x1 HCQ 400 mg 1st Research Time to —ve PCR test;
2020138 RCT a +ve PCR dose* day then 200 square period to
(approx. 78% mg BID X 9 preprint symptomatic
symptomatic) days + AZM 500 recovery; adverse
mg daily X 5 events
days
Elgazzar 202047  Egypt RCT None reported  Mild to severe 200 0.4 mg/kg daily X HCQ 400 mg BID X Research Improved, progressed,
COVID 4 days 1 day then 200 square died. Also measured
(inpatients) mg BID X 9 preprint: CRP, D-dimers, HB,
days emailed/ lymphocyte, serum
responded ferritin after one week
with data of treatment
Fonseca 202144  Brazil Double- Institution- Moderate to 167 14 mg daily X 3 HCQ—400 mg BID Prepublication Death, invasive
blind funded severe days (plus on day 0 then data/ mechanical
(inpatients) placebos X 2 daily X 4 days; manuscript ventilation
additional CQ -450 mg BID in progress
days) day 0 then daily obtained via
X 4 days email
Gonzalez 2021'37  Mexico Double- Institution- Moderate to 108 12 mg X 1 dose Placebo MedRxiv Length of hospital stay,
blind funded severe preprint invasive mechanical
(inpatients) ventilation, death,
time to negative PCR
Hashim 2020'38  |ran Quasi- None reported  Mild to critical 140 0.2 mg/kg x 2 SOC MedRxiv Death, mean time to
RCT (inpatients) days* preprint recovery, disease
Some had a 3¢ progression
dose a week later (deterioration)
Krolewiecki Argentina Open- None reported  Mild to 45 0.6 mgrkg/d X 5 Placebo Research Gate  Viral load reduction in
2020106 label moderate days and SSRN respiratory secretions
(inpatients) preprints day 5, IVM
concentrations in
plasma, severe
adverse events
Lopez-Medina Columbia Double- Institution- Mild 476 0.3 mg/kg elixir X Placebo Published in a Resolution of symptoms
202185 blind funded (outpatients) 5 days PR journal within 21 days,
deterioration, clinical
condition,
hospitalization,
adverse events
Mahmud 2020'%7 Bangladesh Double- None reported  Mild to 363 12 mg X 1 dose* Placebo + SOC Data published  Improvement,
blind moderate on clinical deterioration, late
COoVID trial registry clinical recovery,
(inpatients) and persistent PCR test
clarification +ve
obtained via
email
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Table 1. (Continued) Summary of study characteristics.

Sample lvermectin dose
Study ID Country Design Funding Participants size and frequency* Comparator Origin of data  Main outcomes reported
Mohan 2021110 India Double- Institution- Mild to 152 12 mg or 24 mg Placebo MedRxiv Conversion of RT-PCR to
blind funded moderate elixir X 1 dose preprint negative result,
research decline of viral load at
day 5 from enrollment
Niaee 202008 Iran Double- Institution- Mild to severe 180 0.2 mg/kg X 1 and Placebo Research Deaths, length of stay,
blind funded CovID 3 other dosing Square biochemical
options) ~ 14 preprint parameters
mg tablett
Okumus 2021'"5  Turkey Quasi- None reported  Severe COVID 66 0.2 mg/kg X 5 SOC Prepublication Clinical improvement,
RCT days data/ deterioration, death,
manuscript SOFA scores
in progress
obtained via
email
Petkov 2021139 Bulgaria Double- Pharma-funded Mild to 100 0.4 mg/kg X 3 Placebo Prepublication Rate of conversion to
blind moderate days data PCR negative
covib obtained
from another
source
Podder 202040 Bangladesh Open- Self-funded Mild to 62 0.2 mg/kg X 1 socC Published in PR Duration of symptoms,
label moderate dose journal recovery time to
(outpatients) symptom free from
enrollment, recovery
time to symptom free
from symptom onset,
repeat PCR result on
day 10
Raad 202113 Lebanon Double- Self-funded Asymptomatic 100 9 mg PO if 45 kg— Placebo Prepublication Viral load reduction,
blind outpatients 64 kg, 12 mg data/ hospitalization,
PO if 65 kg-84 manuscript adverse effects
kg and 0.15 in progress
mg/kg if body obtained via
weight =85 kg email
Ravikirti 20217°°  India Double- Self-funded Mild to 112 12 mg X 2 days + Placebo + SOC Published in PR A negative RT-PCR report
blind moderate SoC journal on day 6,
COovID symptomatic on day
(inpatients) 6, discharge by day
10, admission to ICU,
need for invasive
mechanical
ventilation, mortality
Rezai 2020 Iran Double- None reported  Mild to 60 0.2 mg/kg X 1 socC Prepublication Clinical symptoms,
blind moderate dose data respiratory rate and
(inpatient) obtained 02 saturation
from another
source
Schwartz Israel Double- None reported Mild to 94 0.15-0.3 mg/kg X Placebo Prepublication Viral clearance at day 4,
2021114141 blind moderate 3 days data 6, 8 and 10),
(outpatients) obtained hospitalization
from another
source
COVID-19
prophylaxis
studies
Chahla 2021142 Argentina Open- None reported  Health care 234 12 mg (in drops) SOC Prepublication COVID-19 infection (not
label workers weekly + iota- data/ clear if measured by
carrageenan 6 manuscript PCR or symptoms)
sprays daily X in progress
4 wk obtained via
email
Elgazzar 202047 Egypt Open- Self-funded Health care and 200 0.4 mg/kg, weekly SOC Research Positive PCR test
label family X 2 weeks square
contacts preprint:
emailed/
responded
with data
Shouman Egypt Open- Self-funded Family contacts 304 2 doses (15-24 socC Published in PR Symptoms and/or
202043 label mg depending journal positive COVID-19

on weight) on
day 1 and day
3

PCR test within 14
days; adverse events

*Also administered doxycycline.
Tmultiarm trial.

SOC, standard of care; PR, peer review.
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FIGURE 2. Risk-of-bias summary: review authors’ judg-
ments about each risk of bias item for each included
study.
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Ivermectin treatment versus no ivermectin treatment

Twenty-two trials (2668 participants) contributed data
to the comparison ivermectin treatment versus no iver-
mectin treatment for COVID-19 treatment.

All-cause mortality

Meta-analysis of 15 trials, assessing 2438 participants,
found that ivermectin reduced the risk of death by an
average of 62% (95% CI 27%-81%) compared with no
ivermectin treatment [average RR (aRR) 0.38, 95% CI
0.19 to 0.73; I?2 = 49%]; risk of death 2.3% versus 7.8%
among hospitalized patients in this analysis, respec-
tively (SoF Table 2 and Figure 3). Much of the hetero-
geneity was explained by the exclusion of one trial**
in a sensitivity analysis (average RR 0.31, 95% CI
0.17-0.58, n = 2196, I> = 22%), but because this trial
was at low risk of bias, it was retained in the main
analysis. The source of heterogeneity may be due to
the use of active comparators in the trial design. The
results were also robust to sensitivity analyses
excluding 2 other studies with an active treatment
comparator (average RR 0.41, 95% CI 0.23-0.74, n =
1809, 12 = 8%). The results were also not sensitive to
the exclusion of studies that were potentially at high-
er risk of bias (average RR 0.29, 95% CI 0.10-0.80, 12
studies, n = 2095, I> = 61%), but in subgroup analy-
sis, it was unclear as to whether a single dose would
be sufficient. The effect on reducing deaths was con-
sistent across mild to moderate and severe disease
subgroups. Subgrouping data according to inpatient
and outpatient trials was not informative because few
outpatient studies reported this serious outcome. The
conclusions of the primary outcome were also robust
to a series of alternative post hoc analyses that
explored the impact of numerous trials that reported
no deaths in either arm. Extreme sensitivity analyses
using a treatment arm continuity correction of
between 0.01 and 0.5 did not change the certainty of
the evidence judgments (Table 3).

Trial sequential analysis

TSA, using the DL random-effects method, showed
that there may have been sufficient evidence accrued
before the end of 2020 to show significant benefit of
ivermectin over control for all-cause mortality. The
cumulative z-curve in Figure 8 crossed the trial
sequential monitoring boundaries after reaching the
required IS, implying that there is firm evidence for a
beneficial effect of ivermectin use over no ivermectin
use in mainly hospitalized participants with mild to
moderate COVID-19 infection.
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Table 2. Summary of findings table of ivermectin versus no ivermectin for COVID-19 treatment in any setting.

Illustrative comparative risks* (95% Cl)

Corresponding risk No. of Quality of the
Assumed risk Relative effect participants evidence
Outcomes No ivermectin Ivermectin (95% ClI) (studies) (GRADE)
Death from any cause 78 per 1000 (all 48 fewer deaths per 1000 RR = 0.38 2438 (15) Moderatet
disease (21-63) (0.19-0.73)
severity)
Recovery time to Absolute risks were not computed due to MD = —-3.20 375 (6) Very lowt:1:8
negative PCR test, in certainty of evidence being low and, in (—5.99 to
days some cases, number of events being —0.40)
Time to clinical sparse MD = —-1.06 176 (2) Very lowt-$§
recovery, in days (—1.63 to
(outpatients) —0.49)
Time to clinical MD = —-7.32 96 (1) Very lowtq]
recovery, in days (—9.25 to
(mild to moderate —5.39)
COVID-19 inpatients)
Time to clinical MD = —3.98 33 (1) Very lowtq]
recovery, in days (—10.06 to
(severe COVID-19 2.10)
inpatients)
Admission to ICU RR=1.22 379 (2) Very Iowﬂ,|
(0.75-2.00)
Need for mechanical RR=0.66 431 (3) Lows, ||
ventilation (0.14-3.00)
Length of hospital MD= 0.13 68 (1) Very lowt
stay, in days (—2.04 to
2.30)
Admission to hospital RR 0.16 (0.02- 194 (2) Very lowt
1.32)
Duration of Not reported
mechanical
ventilation
Improvement (mild to 635 improved per 159 more per 1000 (from RR 1.25 (1.08- 681 (b) Lowt,t
moderate COVID-19)* 1000 51 more to 286 more) 1.45)
Deterioration (any 143 per 1000 93 fewer per 1000 RR 0.35 (0.19- 1587 (7) Lowt,t
disease severity) (from 50 fewer to 0.65)
116 fewer)
Serious adverse 7/867 (0.8%) had an SAE in ivermectin group RR=1.65 1533 (11) Lowt,

events and 2/666 (0.3%) in control

(0.44-6.09)

*Only one study contributed to the “severe” COVID-19 subgroup and subgroup data were not pooled due to subgroup differences.

tDowngraded —1 for study design limitations.
$Downgraded —1 for inconsistency.
§Downgraded —1 for imprecision.
fiIDowngraded —2 for imprecision/sparse data.
||Downgraded —1 for indirectness.

The TSA was used to calculate the IS required to dem-
onstrate or reject a 62% RRR of death in the ivermectin
group, as observed in the primary meta-analysis. This

www.americantherapeutics.com

estimate is similar to effect estimates reported in other
reviews.!® We assumed a 7.8% event proportion in the
control group, which was the average control group
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Table 3. Sensitivity analyses for death from any cause considering methods for dealing with zero events in trials.

Method Measure Model Effect size (95% Cl) Details

Peto OR FE 0.35 (0.24 to 0.53) Handles single-zero
trials

M-H OR FE 0.37 (0.24 to 0.56) Handles single-zero
trials

M-H OR RE 0.33 (0.16 to 0.68) Handles single-zero
trials

M-H RR FE 0.42 (0.29 to 0.60) Handles single-zero
trials

M-H RR RE 0.37 (0.19 to 0.74) Handles single-zero
trials

M-H RD FE —0.04 (-0.06 to —0.02) Handles double-zero
trials

M-H RD RE —0.03 (—0.06 to —0.00) Handles double-zero
trials

v RD FE —0.01 (-0.02 to —0.00) Handles double-zero
trials

v RD RE —0.02 (-0.04 to —0.00) Handles double-zero
trials

Treatment arm continuity correction methods Accounting for double Accounting for all zeros

using IV zeros

0.01 RR FE 0.54 (0.36 to 0.79) 0.58 (0.39-0.88)

0.01 RR RE 0.43 (0.25 to 0.72) 0.58 (0.39-0.88)

0.1 RR FE 0.54 (0.37 to 0.79) 0.56 (0.38-0.84)

0.1 RR RE 0.43 (0.26 to 0.73) 0.46 (0.26-0.80)

0.25 RR FE 0.54 (0.37 to 0.79) 0.55 (0.37-0.81)

0.25 RR RE 0.44 (0.26 to 0.73) 0.45 (0.26-0.76)

0.5 RR FE 0.54 (0.37 to 0.79) 0.55 (0.35-0.78)

0.5 RR RE 0.45 (0.27 to 0.74) 0.47 (0.29-0.75)

FE, fixed effects; IV, inverse variance; M-H, Mantel-Haenszel; RD, risk difference; RE, random effects; TACC, treatment arm continuity
correction.

event rate from the primary meta-analysis. We used a
model variance-based estimate of 49.1% (diversity esti-
mate) to correct for heterogeneity. The required IS was
1810 participants (Figure 8), which was exceeded by the
total number of observed participants in the meta-
analysis (n = 2438). In the TSA plots, the red dashed
lines in Figure 8 represent the trial sequential monitoring
boundaries using the O’Brien-Fleming alpha-spending
function. The solid blue line is the cumulative z-curve
and represents the observed trials in the cumulative
meta-analysis. The adjusted significance boundaries for
the cumulative z-curve were constructed under the
assumption that significance testing may have been per-
formed each time a new trial was added to the meta-
analysis. In Figure 8, the z-curve crosses the boundary
after reaching the required IS, thereby supporting the
previous conclusion in RevMan 5.4.13! using the DL

American Journal of Therapeutics () 0(0)

method that ivermectin is superior to control in reducing
the risk of death.

Sensitivity analyses

Sensitivity analysis excluding the trial of Fonseca** sig-
nificantly reduced heterogeneity in the meta-analysis
and thus the diversity estimate in the TSA using the
DL model. This strengthened the suggestion in the
primary core analysis that the required IS had been
reached (Figure 9). Because the DL estimator could
potentially underestimate the between-trials vari-
ance,*® we performed further sensitivity analyses
using 2 alternative random-effects model approaches.
The results of the primary TSA analysis were robust to
sensitivity analysis using the BT method with the same
parameters, excluding the Fonseca** trial, which was a
cause of substantial heterogeneity (Figure 10). The TSA
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Ivermectin Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Mild to moderate COVID-19
Ahmed 2020 (1) 0 45 0 23 Not estimable
Babalola 2020 (2) 0 42 0 20 Not estimable
Chaccour 2020 (3) 0 12 0 12 Not estimable
Elgazzar 2020 (4) 0 100 4 100 4.3% 0.11[0.01, 2.04]
Hashim 2020 (5) 0 48 0 48 Not estimable
Lopez-Medina 2021 (6) 0 275 1 198 3.6% 0.24 [0.01, 5.87]
Mahmud 2020 (7) 0 183 3 180 4.1% 0.14[0.01, 2.70]
Mohan 2021 (8) 0 100 0 52 Not estimable
Petkov 2021 (9) 0 50 0 50 Not estimable
Ravikirti 2021 (10) 0 55 4 57 4.3% 0.12[0.01, 2.09]
Rezai 2020 (11) 1 35 0 34  37% 2.92[0.12, 69.20]
Subtotal (95% CI) 945 774  20.0% 0.24 [0.06, 0.94] e
Total events 1 12
Heterogeneity: Tau? = 0.00; Chi? = 3.03, df = 4 (P = 0.55); = 0%
Test for overall effect: Z = 2.05 (P = 0.04)
1.1.2 Severe COVID-19
Elgazzar 2020 (12) 2 100 20 100 11.2% 0.10[0.02, 0.42] -
Fonseca 2021 (13) 12 52 25 115 19.5% 1.06 [0.58, 1.94] e
Gonzalez 2021 (14) 5 36 6 37 14.3% 0.86 [0.29, 2.56] -
Hashim 2020 (15) 0 11 6 22 45% 0.15[0.01, 2.40] - = 1
Okumus 2021 (16) 6 36 9 30 16.2% 0.56 [0.22, 1.38] — =
Subtotal (95% CI) 235 304 65.8% 0.51[0.22, 1.14] g
Total events 25 66
Heterogeneity: Tau? = 0.48; Chi? = 10.52, df =4 (P = 0.03); I* = 62%
Test for overall effect: Z = 1.65 (P = 0.10)
1.1.3 Mild, moderate and severe COVID-19
Niaee 2020 (17) 4 120 11 60 14.2% 0.18 [0.06, 0.55] —
Subtotal (95% CI) 120 60 14.2% 0.18 [0.06, 0.55] .
Total events 4 11
Heterogeneity: Not applicable
Test for overall effect: Z = 3.03 (P = 0.002)
Total (95% CI) 1300 1138 100.0% 0.38 [0.19, 0.73] <o
Total events 30 89
Heterogeneity: Tau? = 0.49; Chi2 = 19.78, df = 10 (P = 0.03); I> = 49% 0 02 0? 1 i 1=0 50(;

Test for overall effect: Z = 2.87 (P = 0.004)

Test for subgroup differences: Chi? = 2.38, df = 2 (P = 0.30), I = 15.9%

Footnotes

(1) IVM 12mg x 5 days (24 pts) or IVM 12 mg + doxy x 5 days (24 pts)

(2) IVM 6mg-12mg every 84 hrs for 2 wks; vs lopinavir/ritonavir

(3) IVM 0.4mg/kg single dose
(4) IVM up to 24 mg daily for 4 days vs HCQ

(5) IVM 0.2mg/kg x 2-3 days + Doxy 100 mg BID x 10 days
(6) IVM 0.3mg/kg solution for 5 days vs placebo solution

(7) IVM 6mg once + Doxy 100 mg x 5 days
(8) IVM 12mg or 24 mg single dose

(9) IVM 0.4mg/kg x 3 days

(10) IVM 12 mg x 2 days

(11) IVM 0.2mg/kg single dose

(12) IVM up to 24 mg daily for 4 days vs HCQ

(13) IVM 14 mg x 3 days vs HCQ x 5 days or CQ x 5 days
(14) IVM single dose 12mg or 18mg depending on weight
(15) IVM 0.2mg/kg x 2-3 days + Doxy 100 mg BID x 10 days
(16) IVM 0.2mg/kg x 5 days (both arms received HCQ, favipiravir, azithromycin)
(17) IVM 0.2mg/kg to 400 pgm/kg (1 to 3 doses) vs HCQ

FIGURE 3. Death due to any cause.
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