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Background:

ivermectin

Repurposed medicines may have a role against the SARS-

prophylaxis

CoV-2 virus. The antiparasitic ivermectin, with antiviral
and anti-in ammatory properties, has now been tested in
numerous clinical trials.

treatment
COVID-19

Areas of uncertainty:
We assessed the ef cacy of ivermectin treatment in
reducing mortality, in secondary outcomes, and in

SARS-CoV-2

chemoprophylaxis, among people with, or at high risk of,
COVID-19 infection.
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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.

ivermectin\r,
prophylaxis\r,
treatment\r, COVID-19\r,
SARS-CoV-2
Search

Therapeutic Advances:

··
·
·
·
·

Restore Keywords

Related Links

Meta-analysis of 15 trials found that ivermectin reduced
risk of death compared with no ivermectin (average risk
ratio 0.38, 95% con dence interval 0.19–0.73; n = 2438; I2 =
49%; moderate-certainty evidence). This result was
con rmed 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% con dence interval 79%–91%). Secondary
outcomes provided less certain evidence. Low-certainty
evidence suggested that there may be no bene t with
ivermectin for “need for mechanical ventilation,” 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.
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Impact of Inappropriate Antibiotic Therapy in
Vancomycin-Resistant Enterococcus Bacteremia
Review of the Emerging Evidence Demonstrating
the Ef cacy of Ivermectin in the Prophylaxis and
Treatment of COVID-19

Conclusions:
Moderate-certainty evidence nds that large reductions
in COVID-19 deaths are possible 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 signi cant impact on the SARS-CoV-2 pandemic
globally.

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,1 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 Administration. It is widely used in low- and middleincome countries (LMICs) to treat worm infections.2,3 Also used for
the treatment of scabies and lice, it is one of the World Health
Organization’s Essential Medicines.4 With total doses of
ivermectin distributed apparently equaling one-third of the
present world population,5 ivermectin at the usual doses (0.2–0.4
mg/kg) is considered extremely safe for use in humans.6,7 In
addition to its antiparasitic activity, it has been noted to have
antiviral and anti-in ammatory properties, leading to an
increasing list of therapeutic indications.8
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 ndings
from 27 studies on the effects of ivermectin for the prevention
and treatment of COVID-19 infection, concluding that ivermectin
“demonstrates a strong signal of therapeutic ef cacy” against
COVID-19.9 Another recent review found that ivermectin reduced
deaths by 75%.10 Despite these ndings, the National Institutes of
Health in the United States recently stated that “there are
insuf cient data to recommend either for or against the use of
ivermectin for the treatment of COVID-19,”11 and the World Health
Organization recommends against its use outside of clinical
trials.12
Ivermectin has exhibited antiviral activity against a wide range of
RNA and some DNA viruses, for example, Zika, dengue, yellow
fever, and others.13 Caly et al14 demonstrated speci c action
against SARS-CoV-2 in vitro with a suggested host-directed
mechanism of action being the blocking of the nuclear import of
viral proteins14,15 that suppress normal immune responses.
However, the necessary cell culture EC50 may not be achievable in
vivo.16 Other conjectured mechanisms include inhibition of SARSCoV-2 3CLPro activity17,18 (a protease essential for viral
replication), a variety of anti-in ammatory effects,19 and
competitive binding of ivermectin with the viral S protein as
shown in multiple in silico studies.20 The latter would inhibit viral
binding to ACE-2 receptors suppressing infection.
Hemagglutination via viral binding to sialic acid receptors on
erythrocytes is a recently proposed pathologic mechanism21 that
would be similarly disrupted. Both host-directed and virusdirected 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; therefore, identifying
existing drugs that can be repurposed against COVID-19 that
already have an established safety pro le through decades of use
could play a critical role in suppressing or even ending the SARSCoV-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.6 A 2018 application for ivermectin use for
scabies gives a direct cost of $2.90 for 100 12-mg tablets.22 A
recent estimate from Bangladesh23 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 SARSCoV-2 may be of particular importance for settings with limited
resources.24 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 ef cacy 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 ivermectin as treatment and as prophylaxis for COVID-19.25

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.26

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 content
1, http://links.lww.com/AJT/A95); current guidance25 for the BEC
was followed for a supplementary search of economic
evaluations. There were no language 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 ivermectin,9 as well as the recent
WHO report, which included analyses of ivermectin.12 We
contacted experts in the eld (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 unclassi ed studies
were contacted to request information on trial status and data
where available. Many preprint publications and unpublished
articles were identi ed from the preprint servers MedRχiv and
Research Square, and the International Clinical Trials Registry
Platform. This is a rapidly expanding evidence 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), 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 de ned by investigators) for ivermectin prophylaxis.
Secondary outcomes included time to polymerase chain reaction
(PCR) negativity, clinical recovery, length of hospital stay,
admission to hospital (for outpatient treatment), admission to ICU
or requiring mechanical ventilation, duration of mechanical
ventilation, 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 con ict between data reported across multiple
sources for a single study (eg, between a published article and a
trial registry record), we contacted the authors for clari cation.
Assessments were conducted by 2 reviewers (T.L., T.D., A.B., or G.G.)
using the Cochrane RCT risk-of-bias tool.27 Discrepancies were
resolved by discussion.
Continuous outcomes were measured as the mean difference and
95% con dence intervalss (CI), and dichotomous outcomes as risk
ratio (RR) and 95% CI.
We did not impute missing data for any of the outcomes. Authors
were contacted for missing outcome data and for clari cation 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 I2 statistic (I2 ≥60% was
considered substantial heterogeneity),28 by a formal statistical
test to indicate statistically signi cant heterogeneity,29 and, where
possible, by subgroup analyses (see below). If there was evidence
of substantial heterogeneity, the possible reasons for this were
investigated and reported. We assessed reporting biases using
funnel plots if more than 10 studies contributed to a metaanalysis.
We meta-analyzed data using the random effects model
(DerSimonian and Laird method)30 using RevMan 5.4.1
software.27,31 The results used the inverse variance method for
weighting.27 Some sensitivity analyses used other methods that
are outlined below and some calculations were performed in R32
through an interface33 to the netmeta package.34 Where possible,
we performed subgroup analyses grouping trials by disease
severity, inpatients 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 trials35 and estimated odds ratios [and
additionally RR for the Mantel–Haenszel (MH) method] using a
xed effects model. The models incorporate evidence from singlezero 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 non xed continuity
correction is preferable to the usual 0.5.35 Other methods are
available but were not considered due to dif culty 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 statistical
evaluation, there is an exaggerated risk that “naive” point
estimates and con dence 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 conclusiveness of the available
evidence using trial sequential analyses (TSA).41–43 The
DerSimonian–Laird (DL) method was used because this is most
often used in meta-analytic practice and was also used in the
primary meta-analysis.30
The TSA was used to calculate the required information size (IS) to
demonstrate or reject a relative reduction in the risk (RRR) of
death in the ivermectin group, as found in the primary metaanalysis. We assumed the estimated event proportion in the
control group from the meta-analysis because this is the best and
most representative available estimate. Recommended type I and
II error rates of 5% and 10% were used, respectively (power of
90%),43 powering the result on the effect observed in the primary
meta-analyses. We did not identify any large COVID-19 trials
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, assuming it
does not widely deviate from other published systematic reviews,
a pragmatic decision was therefore made to power on the pooled
meta-analysis effect estimate for all-cause mortality a priori. This
is more re ective of a true meaningful difference. We used a
model variance-based estimate to correct for heterogeneity. 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
heterogeneity 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 cumulative meta-analysis),43 analogous to
interim monitoring in an RCT, to determine when suf cient
evidence had been accrued. These monitoring boundaries are
relatively insensitive to the number of repeated signi cance tests.
They can be used to further contextualize the original metaanalysis and enhance our certainty around its conclusions. We
used a two-sided test, so also considered futility boundaries (to
test for no statistically signi cant difference) and the possibility
that ivermectin could harm. Sensitivity analyses were performed
excluding the trial of Fonseca,44 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 I2 and D2
(diversity) estimates, thus reducing the model variance-based
estimate to correct for heterogeneity. Two further sensitivity
analyses were performed using 2 alternative random effect
models, namely the Biggerstaff–Tweedie (BT) and Sidik–Jonkman
(SJ) methods.43
All outcomes have been assessed independently by 2 review
authors (T.D. and A.B.) using the GRADE approach,45 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
mortality outcome. The results are presented in a summary of
ndings 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.46

RESULTS
Search results and risk-of-bias assessment
The combined and preliminary deduplicated total was n = 583. We
also identi ed 11 records from other sources (reference lists, etc).
See PRISMA ow diagram for inclusion and exclusion details of
these references (Figure 1).

FIGURE 1.: Study ow diagram
from search on 25 April 2021.

FIGURE 1.

The supplementary search for the BEC identi ed 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–bene t analyses) were identi ed.
Twenty-one trials in treatment and 2 trials in prophylaxis of
COVID-19 met review inclusion. One further study47 reported
separate treatment and prophylaxis components; we label this
study “Elgazzar” under both questions. In effect, there were 22
trials in treatment and 3 in prophylaxis. All of these contributed
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 studies47–63 were excluded
as they were not RCTs and we identi ed 39 ongoing studies64–102
and 2 studies103,104 are awaiting classi cation.



Table 1. - Summary of study characteristics.

Study ID

Country

Design

Funding

Participa

Bangladesh

Doubleblind

BPL(Pharma);
Bangladesh,
Canada,
Sweden, and
UK govt

Mild to
moderat
COVID
(inpatien

Babalola
2020105

Nigeria

Doubleblind

Self-funded

Bukhari
2021135

Pakistan

Open-label

None
reported

Mild to
moderat
COVID
(inpatien

Chaccour
202024

Spain

Doubleblind

Idapharma,
ISGlobal, and
the
University of
Navarra

Mild COV
(outpatien

Chachar
2020112

Pakistan

Open-label

Self-funded

Mild COV
(outpatien

Bangladesh

Quasi-RCT

None
reported

Outpatie
with a +ve
(approx. 7
symptoma

Elgazzar
202047

Egypt

RCT

None
reported

Mild to sev
COVID
(inpatien

Fonseca
202144

Brazil

Doubleblind

Institutionfunded

Moderate
severe
(inpatien

Gonzalez
2021137

Mexico

Doubleblind

Institutionfunded

Moderate
severe
(inpatien

Iran

Quasi-RCT

None
reported

Mild to crit
(inpatien

Argentina

Open-label

None
reported

Mild to
moderat
(inpatien

Columbia

Doubleblind

Institutionfunded

Mild
(outpatien

Bangladesh

Doubleblind

None
reported

Mild to
moderat
COVID
(inpatien

Mohan
2021110

India

Doubleblind

Institutionfunded

Mild to
moderat

Niaee
2020108

Iran

Doubleblind

Institutionfunded

Mild to sev
COVID

Turkey

Quasi-RCT

None
reported

Severe CO

Petkov
2021139

Bulgaria

Doubleblind

Pharmafunded

Mild to
moderat
COVID

Podder
2020140

Bangladesh

Open-label

Self-funded

Mild to
moderat
(outpatien

Lebanon

Doubleblind

Self-funded

Asymptom
outpatien

Ravikirti
2021109

India

Doubleblind

Self-funded

Mild to
moderat
COVID
(inpatien

Rezai
2020111

Iran

Doubleblind

None
reported

Mild to
moderat
(inpatien

Israel

Doubleblind

None
reported

Mild to
moderat
(outpatien

Chahla
2021142

Argentina

Open-label

None
reported

Health ca
workers

Elgazzar
202047

Egypt

Open-label

Self-funded

Health ca
and fam
contact

Shouman
2020143

Egypt

Open-label

Self-funded

Family
contact

COVID-19
treatment
studies
Ahmed
202023

Chowdhury
2020136

Hashim
2020138

Krolewiecki
2020106

LopezMedina
202185

Mahmud
2020107

Okumus
2021115

Raad
2021113

Schwartz
2021114,141

Asymptom
mild or
moderat
COVID (4
inpatients
17
outpatien

COVID-19
prophylaxis
studies

*

Also administered doxycycline.

†

multiarm trial.

SOC, standard of care; PR, peer review.

A risk-of-bias summary graph is given in Figure 2. Eleven
studies23,24,44,47,105,106–111 used satisfactory random sequence
generation and allocation concealment. Two trials described
satisfactory sequence generation, but it was unclear whether
allocation was concealed.112,113

FIGURE 2.: Risk-of-bias
summary: review authors'
judgments about each risk of
bias item for each included
study.

FIGURE 2.

Ten trials reported adequate blinding of the
participants/personnel and/or the outcome
assessors.23,24,44,105,107,109,110,111,113,114 The others were either unclear
or high risk for blinding. We considered blinding to be a less
important criterion for evaluation of evidence related to the
review's primary outcomes, namely death and laboratorycon rmed 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
clari cation.

Main ndings
Twenty-four RCTs (including 3 quasi-RCTs) involving 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 comparator (Table 1). Three
RCTs involving 738 participants were included in the prophylaxis
trials. Most trials were registered, self-funded, and undertaken by
clinicians working in the eld. There were no obvious con icts of
interest noted, with the exception of two trials.85,139

Ivermectin treatment versus no ivermectin
treatment
Twenty-two trials (2668 participants) contributed data to the
comparison ivermectin treatment versus no ivermectin 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; I2 = 49%]; risk of death 2.3% versus
7.8% among hospitalized patients in this analysis, respectively
(SoF Table 2 and Figure 3). Much of the heterogeneity was
explained by the exclusion of one trial44 in a sensitivity analysis
(average RR 0.31, 95% CI 0.17–0.58, n = 2196, I2 = 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, I2 = 8%). The results were also not sensitive to the
exclusion of studies that were potentially at higher risk of bias
(average RR 0.29, 95% CI 0.10–0.80, 12 studies, n = 2095, I2 = 61%),
but in subgroup analysis, it was unclear as to whether a single
dose would be suf cient. The effect on reducing deaths was
consistent 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).

Table 2. - Summary of ndings table of ivermectin versus no
ivermectin for COVID-19 treatment in any setting.



Illustrative comparative risks*
(95% CI)
Assumed
risk

Corresponding
risk

No
ivermectin

Ivermectin

Death from
any cause

78 per 1000
(all disease
severity)

48 fewer
deaths per
1000 (21–63)

Recovery
time to
negative PCR
test, in days

Absolute risks were not
computed due to certainty of
evidence being low and, in
some cases, number of events
being sparse

Outcomes

Relative
effect (95%
CI)

No. o
particip
(studie

RR = 0.38
(0.19–0.73)

2438 (1

MD = −3.20
(−5.99 to
−0.40)

375 (6

MD = −1.06
(−1.63 to
−0.49)

176 (2

Time to
clinical
recovery, in
days (mild to
moderate
COVID-19
inpatients)

MD = −7.32
(−9.25 to
−5.39)

96 (1

Time to
clinical
recovery, in
days (severe
COVID-19
inpatients)

MD = −3.98
(−10.06 to
2.10)

33 (1

Admission to
ICU

RR=1.22
(0.75–2.00)

379 (2

Need for
mechanical
ventilation

RR=0.66
(0.14–3.00)

431 (3

Length of
hospital stay,
in days

MD= 0.13
(−2.04 to
2.30)

68 (1

Admission to
hospital

RR 0.16
(0.02–1.32)

194 (2

Time to
clinical
recovery, in
days
(outpatients)

Duration of
mechanical
ventilation

Not reported

Improvement
(mild to
moderate
COVID-19)*

635
improved
per 1000

159 more per
1000 (from 51
more to 286
more)

RR 1.25
(1.08–1.45)

681 (5

Deterioration
(any disease
severity)

143 per 1000

93 fewer per
1000 (from 50
fewer to 116
fewer)

RR 0.35
(0.19–0.65)

1587 (

RR=1.65
(0.44–6.09)

1533 (1

Serious
adverse
events

7/867 (0.8%) had an SAE in
ivermectin group and 2/666
(0.3%) in control

*

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

Downgraded −1 for study design limitations.

‡
§

Downgraded −1 for inconsistency.

Downgraded −1 for imprecision.

¶
║

Downgraded −2 for imprecision/sparse data.

Downgraded −1 for indirectness.

FIGURE 3.: Death due to any
cause.

FIGURE 3.

Table 3. - Sensitivity analyses for death from any cause
considering methods for dealing with zero events in trials.
Method

Effect size
(95% CI)



Measure

Model

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

IV

RD

FE

−0.01 (−0.02
to −0.00)

Handles
double-zero
trials

IV

RD

RE

−0.02 (−0.04
to −0.00)

Handles
double-zero
trials

Accounting
for double
zeros

Accounting
for all zero

Treatment
arm
continuity
correction
methods
using IV

Details

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

Trial sequential analysis
TSA, using the DL random-effects method, showed that there may
have been suf cient evidence accrued before the end of 2020 to
show signi cant bene t 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 rm evidence for a bene cial effect of
ivermectin use over no ivermectin use in mainly hospitalized
participants with mild to moderate COVID-19 infection.
The TSA was used to calculate the IS required to demonstrate or
reject a 62% RRR of death in the ivermectin group, as observed in
the primary meta-analysis. This estimate is similar to effect
estimates reported in other reviews.10 We assumed a 7.8% event
proportion in the control group, which was the average control
group event rate from the primary meta-analysis. We used a
model variance-based estimate of 49.1% (diversity estimate) 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 signi cance boundaries for the cumulative z-curve
were constructed under the assumption that signi cance testing
may have been performed 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 5.4.131 using the DL method that ivermectin
is superior to control in reducing the risk of death.

Sensitivity analyses
Sensitivity analysis excluding the trial of Fonseca44 signi cantly
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 variance,43 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 Fonseca44 trial, which
was a cause of substantial heterogeneity (Figure 10). The TSA
comprehensively con rms the result of the conventional metaanalysis. The required IS was 1064.
The required IS was not reached in the TSA using the SJ method,
largely because diversity from the model was high (Figure 11). The
SJ estimator may overestimate the between-trials variance in
meta-analyses with mild heterogeneity, thus producing arti cially
wide con dence intervals.43 When the diversity estimate was
reduced to the same as in the DL model, the required IS was
reached in the SJ model (data not shown). There was no evidence
of futility using the SJ method in any scenario.

Certainty of the evidence for all-cause mortality
Overall, death from any cause, taking into account all composite
analyses, was judged to provide moderate-certainty evidence (SoF
Table 2 and Figures 4–11). A funnel plot corresponding to the
primary outcome of death from any cause did not seem to
suggest any evidence of publication bias (Figure 7). Furthermore,
the ease with which trial reports can be uploaded as preprints
should reduce this risk.

FIGURE 4.: Death due to any
cause, excluding an outlier
study responsible for the
heterogeneity.

FIGURE 4.

FIGURE 5.: Death due to any
cause, excluding high risk-ofbias studies.

FIGURE 5.

FIGURE 6.: Death due to any
cause, excluding studies with
active controls.

FIGURE 6.

FIGURE 7.: Funnel plot of
ivermectin versus control for
COVID-19 treatment for allcause death (subgrouped by
severity).

FIGURE 7.

FIGURE 8.: Trial sequential
analysis using DL randomeffects method with
parameter estimates of α =
0.05, β = 0.1, control rate =
7.8%, RRR = 62%, and diversity
= 49.5%.

FIGURE 8.

FIGURE 9.: Sensitivity analysis
excluding an outlier study
responsible for the
heterogeneity, showing trial
sequential analysis using DL
random-effects method with
parameter estimates of α =
0.05, β = 0.1, control rate =
7.8%, = 62%, and diversity =
0%.

FIGURE 9.

FIGURE 10.: Sensitivity
analysis excluding an outlier
study responsible for the
heterogeneity, showing trial
sequential analysis using
Biggerstaff–Tweedie randomeffects method with
parameter estimates of α =
0.05, β = 0.1, control rate =
7.8%, RRR = 62%, and diversity
= 14.2%.

FIGURE 10.

FIGURE 11.: Sensitivity analysis
excluding an outlier study
responsible for the
heterogeneity, showing trial
sequential analysis using
Sidik–Jonkman randomeffects method with
parameter estimates of α =
0.05, β = 0.1, control rate =
7.8%, RRR = 62%, and diversity
= 71.9%.

FIGURE 11.

Secondary outcomes
Secondary outcomes provided low to very low certainty evidence
(SoF Table 2). Low-certainty ndings suggested that there may be
no bene t with ivermectin for “need for mechanical ventilation,”
whereas effect estimates for “improvement” and “deterioration”
favored ivermectin but were graded as low certainty due to study
design limitations and inconsistency (Figures 12–14). All other
secondary outcome ndings were assessed as very low certainty.

FIGURE 12.: Need for
mechanical ventilation.

FIGURE 12.

FIGURE 13.: Improvement.

FIGURE 13.

FIGURE 14.: Deterioration.

FIGURE 14.

Meta-analysis of 11 trials, assessing 1533 participants, found that
there was no signi cant difference between ivermectin and
control in the risk of severe adverse events (aRR 1.65, 95% CI 0.44–
6.09; I2 = 0%; low certainty evidence, downgraded for imprecision
and study design limitations). Seven severe adverse events were
reported in the ivermectin group and 2 in controls. The SAEs were
as follows: 2 patients in the Mahmud trial107 had esophagitis (this
is a known side effect of doxycycline, which was coadministered
with ivermectin in this trial); one patient in the study by
Krolewiecki et al106 had hyponatremia (this trial used high-dose
ivermectin for 5 days); and 2 patients in a study from Turkey115
had serious “delirium-like behavior, agitation, aggressive attitude,
and altered state of consciousness,” which the authors attributed
to metabolic insuf ciencies in MDR-1/ABCB1 or CYP3A4 genes,
screening for which was a study feature. In the Lopez-Medina et
al85 trial, there were 2 SAEs in each arm (SoF Table 2).

Ivermectin prophylaxis versus no ivermectin
prophylaxis
Three studies involving 738 participants evaluated ivermectin for
COVID-19 prophylaxis among health care workers and COVID-19
contacts. Meta-analysis of these 3 trials, assessing 738
participants, found that ivermectin prophylaxis among health care
workers and COVID-19 contacts probably reduces the risk of
COVID-19 infection by an average of 86% (79%–91%) (3 trials, 738
participants; aRR 0.14, 95% CI 0.09–0.21; 5.0% vs. 29.6% contracted
COVID-19, respectively; low-certainty evidence; downgraded due to
study design limitations and few included trials) (Figure 15). In 2
trials involving 538 participants, no severe adverse events were
recorded (SoF Table 4).

FIGURE 15.: COVID-19 infection
(prophylaxis studies).

FIGURE 15.

Table 4. - Summary of ndings table of ivermectin versus no
ivermectin for COVID-19 prophylaxis in healthy population
(people without COVID-19 infection).



Illustrative comparative risks*
(95% CI)
Outcomes

COVID-19
infection

Assumed
risk

Corresponding
risk

No
ivermectin

Ivermectin

296 per 1000

245 fewer
infections per
1000 (234–269)

Relative
effect (95%
CI)

No of
participa
(studie

RR = 0.14
(0.09–0.21)

738 (3

Admission
to hospital

Not reported

Death from
any cause

Not reported

Serious
adverse
events

No events occurred in 538 participants (2 studies), therefo
not be estimated.

GRADE working group grades of evidence; High quality: Further research is very
unlikely to change our con dence in the estimate of effect; Moderate quality: Further
research is likely to have an important impact on our con dence in the estimate of
effect and may change the estimate; Low quality: Further research is very likely to
have an important impact on our con dence in the estimate of effect and is likely to
change the estimate; Very low quality: We are very uncertain about the estimate.
*

The basis for the assumed risk (eg, the median control group risk across studies) is
provided in footnotes. The corresponding risk (and its 95% CI) is based on the
assumed risk in the comparison group and the relative effect of the intervention
(and its 95% CI).
†

Downgraded −2 for study design limitations.

NNT, number needed to treat.

DISCUSSION
The ndings indicate with moderate certainty that ivermectin
treatment in COVID-19 provides a signi cant survival bene t. Our
certainty of evidence judgment was consolidated by the results of
trial sequential analyses, which show that the required IS has
probably already been met. Low-certainty evidence on
improvement and deterioration also support a likely clinical
bene t of ivermectin. Low-certainty evidence suggests a
signi cant effect in prophylaxis. Overall, the evidence also
suggests that early use of ivermectin may reduce morbidity and
mortality from COVID-19. This is based on (1) reductions in COVID19 infections when ivermectin was used as prophylaxis, (2) the
more favorable effect estimates for mild to moderate disease
compared with severe disease for death due to any cause, and (3)
on the evidence demonstrating reductions in deterioration.
The evidence on severe adverse events in this review was graded
as low certainty, partly because there were too few events to
reach statistical signi cance. Evidence from a recent systematic
review of ivermectin use among people with parasitic infections
suggests that ivermectin administered at the usual doses (0.2 or
0.4 mg/kg) is safe and could be safe at higher doses.7,116 A recent
World Health Organization document on ivermectin use for
scabies found that adverse events with ivermectin were primarily
minor and transient.22
We restricted the included studies to the highest level of
evidence, that is, RCTs, as a policy. This was despite there being
numerous observational but nonrandomized trials of ivermectin,
which one could argue could also be considered in an emergency.
We included preprint and unpublished data from completed but
not yet published trials due to the urgency related to evidence
synthesis in the context of a global pandemic.117 Although there is
the potential for selective reporting of outcomes and publication
bias, we have factored in these considerations in interpreting
results and forming conclusions. We adhered to PRISMA
guidelines and the WHO statement on developing global norms
for sharing data and results during public health emergencies.117
There are a number of limitations with this review. Several of the
studies contributing data did not provide full descriptions of
methods, so assessing risk of bias was challenging. Where
descriptions of study methods were sparse or unclear, we
attempted to contact authors to clarify methods, but lack of
information led us to downgrade ndings in several instances.
Overall interpretation of ndings was hampered due to variability
in the participants recruited, treatment regimen, and the care
offered to those in control groups. We have tried to take this
variation into account through subgroup and sensitivity analyses.
Nevertheless, dosing and treatment regimens and the use of
ivermectin with other components of “standard care” require
further research. We did not include laboratory outcome
measures, such as viral clearance. The latter and other
biochemical outcomes have been reported in several studies and
reviews and tend to favor ivermectin.10,47,105,108 Several trials
reported continuous data, such as length of hospital stay, as
medians and interquartile ranges; therefore, we were unable to
include these data in meta-analysis. Because we did not
undertake in our protocol to perform narrative evidence
synthesis, and because these data tended to favor ivermectin, the
certainty of the effects of ivermectin on these continuous
outcomes may be underestimated.
At least 5 other reviews of ivermectin use for COVID-19 have been
published, including one coauthored with Nobel Laureate
Professor Satoshi Ōmura, discoverer of ivermectin,9,10,118,119,120 but
only 3 have been peer-reviewed9,118,120 and only 2 attempt full
systematic review.10,119 We applied AMSTAR 2,121 a critical appraisal
tool for systematic reviews of health care interventions, to the 2
nonpeered systematic reviews10,119 and both were judged to be of
low quality (Table 5). However, there was also a suggestion that
ivermectin reduced the risk of death in treatment of COVID-19 in
these reviews.

Table 5. - Methodological quality of other systematic reviews
(AMSTAR 2).


Systematic
review

Components
of PICO
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A priori
study
design
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selection of
study
designs

+

−

+

+

+║

?

−

?#

Hill et al,
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Hill et al,
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−‡

−

−§

−*
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al 2021119

−**

−

−††

−‡‡

Systematic
review

Assessed using AMSTAR 2121; +, adequately assessed; −, inadequately assessed; ?, un
*

Not documented or inadequately reported.

†

Participant population, description of comparator interventions, and time frame fo

‡

No summary of risk-of-bias assessment was given in the main text in the review, ot
details about bias in the discussion, but these were largely generic and did not follo
§

A meta-analysis for all-cause death was presented but authors did not specify why
trials reporting the same comparison and outcome, other than in some parts of the
have been scope to have performed subgroup analyses and/or split the time point f
Instead, they gave a vote count-type narrative of the results, which did not follow sy
¶

There was some further details about bias in the discussion, but this was largely ge
in RCTs. Similarly, in terms of certainty/quality of the evidence, the authors used ter
explanation or justi cation.
║

Outcomes were reported but lacked de nitions.

#

A signi cant number of pertinent RCTs have not been included in the review. Given
search strategy is questionable.
**

No description of risk-of-bias assessment in any domain apart from missing outco

††

Authors did not report data from RCTs that we obtained from various sources and
analysis of 4 preprint retrospective studies at high risk of bias, ivermectin was not a
caveat of studies being at high risk of bias and statistical heterogeneity should be a
demonstrating a potential association based on the observed result. Furthermore, t
‡‡

A sensitivity analysis was performed excluding those studies without adjustment f
potential association with ivermectin treatment and survival in 4 retrospective stud
highly implausible that any sensitivity analysis would not remove any suggestion of

The recently updated WHO therapeutics guidelines12 included 7
trials and 1419 people in the analysis of mortality. Reporting a risk
reduction of 81% (odds ratio 0.19, 95% CI 0.09–0.36), the effect
estimate favoring ivermectin was downgraded by 2 levels for
imprecision, although the justi cation for this is unclear as the
reported CI is precise (64%–91%).
In addition to the evidence from systematic reviews, the ndings
of several controlled observational studies are consistent with
existing evidence and suggest improved outcomes with ivermectin
treatment.55,57,59 Similarly, with respect to ivermectin prophylaxis
of frontline workers and those at risk, controlled observational
studies from Bangladesh and Argentina (the latter which involved
1195 health care workers) have shown apparent reductions in
COVID-19 transmission with ivermectin prophylaxis, including in
some reports total protection (zero infections) where infection
rates in the control group exceeded 50%.122,123 A very large trial of
ivermectin prophylaxis in health care workers in India124 covered
3532 participants and reported risk ratios not signi cantly
different from this meta-analysis (prophylaxis outcome).
Clarifying ivermectin safety in pregnancy is a key question in
patient acceptability for pregnant women contracting COVID-19. A
recent meta-analysis5 found little evidence of increased risk of
abnormal pregnancies but similarly weak evidence of absence of
risk. For (pre-exposure) prophylaxis in pregnancy, where vaccines
may be contraindicated, the alternative of hydroxychloroquine
has been advocated.125,126 In addition to safety and relative
ef cacy, different risk–bene t judgments may be presented for
prophylaxis (pre- and post-exposure), and for treatment, with
pregnancy a high-risk status for COVID-19.
RCTs in this review did not speci cally examine use of ivermectin
in the elderly, although this is a known high-risk group for severe
COVID-19. In the setting of care homes, it is also notorious for
rapid contagion. A standard indication for ivermectin in the
elderly is scabies. We identi ed 2 recent reports suggesting that
ivermectin may be ef cacious as prevention and treatment of
COVID-19 in this age group.50,127 A letter on positive experience in 7
elder care facilities in Virginia covering 309 patients was sent to
NIH127 and has recently been submitted for publication.
There is also evidence emerging from countries where ivermectin
has been implemented. For example, Peru had a very high death
toll from COVID-19 early on in the pandemic.128 Based on
observational evidence, the Peruvian government approved
ivermectin for use against COVID-19 in May 2020.128 After
implementation, death rates in 8 states were reduced between
64% and 91% over a two-month period.128 Another analysis of
Peruvian data from 24 states with early ivermectin deployment
has reported a drop in excess deaths of 59% at 30+ days and of
75% at 45+ days.129 However, factors such as change in behavior,
social distancing, and face-mask use could have played a role in
this reduction.
Other considerations related to the use of ivermectin treatment in
the COVID-19 pandemic include people's values and preferences,
equity implications, acceptability, and feasibility.130 None of the
identi ed reviews speci cally discussed these criteria in relation
to ivermectin. However, in health care decision making, evidence
on effectiveness is seldom taken in isolation without considering
these factors. Ultimately, if ivermectin is to be more widespread in
its implementation, then some considerations are needed related
to these decision-making criteria speci ed in the GRADE-DECIDE
framework.130
There are numerous emerging ongoing clinical trials assessing
ivermectin for COVID-19. The trade-off with policy and potential
implementation based on evidence synthesis reviews and/or RCTs
will vary considerably from country to country. Certain South
American countries, Indian states, and, more recently, Slovakia
and other countries in Europe have implemented its use for
COVID-19.129,131,132,133,134 A recent survey of global trends118
documents usage worldwide. Despite ivermectin being a low-cost
medication in many countries globally, the apparent shortage of
economic evaluations indicates that economic evidence on
ivermectin for treatment and prophylaxis of SARS-CoV-2 is
currently lacking. This may impact more on LMICs that are
potentially waiting for guidance from organizations like the WHO.
Given the evidence of ef cacy, safety, low cost, and current death
rates, ivermectin is likely to have an impact on health and
economic outcomes of the pandemic across many countries.
Ivermectin is not a new and experimental drug with an unknown
safety pro le. It is a WHO “Essential Medicine” already used in
several different indications, in colossal cumulative volumes.
Corticosteroids have become an accepted standard of care in
COVID-19, based on a single RCT of dexamethasone.1 If a single
RCT is suf cient for the adoption of dexamethasone, then a
fortiori the evidence of 2 dozen RCTs supports the adoption of
ivermectin.
Ivermectin is likely to be an equitable, acceptable, and feasible
global intervention against COVID-19. Health professionals should
strongly consider its use, in both treatment and prophylaxis.
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