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Ivermectin for the Treatment of Coronavirus Disease 2019:
A Systematic Review and Meta-analysis of Randomized
Controlled Trials
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Background. We systematically assessed benefits and harms of the use of ivermectin (IVM) in patients with coronavirus disease
2019 (COVID-19).

Methods. Published and preprint randomized controlled trials (RCTs) assessing the effects of IVM on adult patients with
COVID-19 were searched until 22 March 2021 in 5 engines. Primary outcomes were all-cause mortality rate, length of hospital stay
(LOS), and adverse events (AEs). Secondary outcomes included viral clearance and severe AEs (SAEs). The risk of bias (RoB) was
evaluated using the Cochrane Risk of Bias 2.0 tool. Inverse variance random effect meta-analyses were performed, with quality of
evidence (QoE) evaluated using GRADE methods.

Results. Ten RCTs (n = 1173) were included. The controls were the standard of care in 5 RCTs and placebo in 5. COVID-19
disease severity was mild in 8 RCTs, moderate in 1, and mild and moderate in 1. IVM did not reduce all-cause mortality rates com-
pared with controls (relative risk [RR], 0.37 [95% confidence interval, .12-1.13]; very low QoE) or LOS compared with controls
(mean difference, 0.72 days [95% confidence interval, —.86 to 2.29 days]; very low QoE). AEs, SAEs, and viral clearance were similar
between IVM and control groups (low QoE for all outcomes). Subgroups by severity of COVID-19 or RoB were mostly consistent
with main analyses; all-cause mortality rates in 3 RCTs at high RoB were reduced with IVM.

Conclusions. Compared with the standard of care or placebo, IVM did not reduce all-cause mortality, LOS, or viral clearance in
RCTs in patients with mostly mild COVID-19. IVM did not have an effect on AEs or SAEs and is not a viable option to treat patients

with COVID-19.
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The coronavirus disease 2019 (COVID-19) pandemic represents a
global sanitary, social, and economic challenge. However, scientific
advances have also amplified deficiencies and misinformation [1].
Biological plausibility, pathophysiological considerations, in vitro
research, observational studies, and/or clinical trials with hetero-
geneous quality were used to evaluate several repurposed drugs re-
purposed for indications different from the approved ones. Some
policy makers and regulatory institutions authorized emergency
use of unproven COVID-19 treatments; the use of some of these
treatments has been heavily politicized in some regions [2, 3].
Ivermectin (IVM) is a semisynthetic, anthelmintic agent
for oral administration, and derived from the avermectins of
Streptomyces avermitilis. IVM and its analogues selectively open
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inhibitory glutamate-gated chloride ion channels in the cell
membranes of nematodes. In addition, IVM prevents the filarial
ability to release inhibitors of the host immune response [4]. In
tissue cultures, at concentrations higher than anthelmintic con-
centrations, IVM showed antiviral (eg, in dengue), antiparasitic
(eg, in malaria), and anticancer (eg, in epithelial ovarian cancer)
effects. However, these in vitro results have not been clinically
demonstrated [4].

In March 2020, researchers from Australia showed IVM to be
active against severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) in cell cultures by drastically reducing viral RNA
at 48 hours [5]. Concentrations were equivalent to >50-fold
the normal maximum concentration achieved with a standard
single dose of IVM 200 pg/kg, raising concerns about the effica-
cious dose of IVM for treating or preventing SARS-CoV-2 in-
fection in humans and its tolerability [6]. However, theoretical
considerations, experimental and observational evidence, mis-
information, self-medication, and the wide availability of IVM
led to its use as treatment of COVID-19 in low- and middle-
income countries, assuming a priori efficacy and safety.
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IVM is currently approved by the Food and Drug
Administration (FDA) to treat people with intestinal strongy-
loidiasis and onchocerciasis. The European Medicines Agency
[7] and the FDA [8] have not approved IVM for the treatment
of COVID-19. World Health Organization (WHO) [9] and
Infectious Diseases Society of America [10] guidelines do not
recommend IVM for treatment of COVID-19 outside random-
ized controlled trials (RCTs).

Three systematic reviews on the effect of IVM on clinical out-
comes have been published [11-13]. Padhy et al [11] included only
3 small observational studies. Siemieniuk et al [12] conducted a
living systematic review of all treatments for COVID-19, but de-
tails were scarce, and the quality of evidence (QoE) was very low.
Finally, Kow et al [13] evaluated 6 RCTs, 5 from Asia and none
from Latin America. Other systematic reviews or narrative reviews
of IVM effects have been disseminated only as preprints [14-16] or
on Web sites [17-19]. We conducted a systematic review and meta-
analysis to evaluate treatment effects of IVM on clinical outcomes
and adverse events (AEs) in people with COVID-19.

METHODS

Sources and Searches

Two investigators (V. P. and A. V. H.) developed the search
strategy, which was approved by the other investigators. Until
22 March 2021, we searched 5 databases: PubMed-MEDLINE,
EMBASE-OVID, Scopus, Web of Science, the Cochrane
Library; and preprints from www.medrxiv.org, www.preprints.
org, and www.ssrn.com. The PubMed search strategy is shown
in the Supplement.

Selection of Studies

We included RCTs in any language reporting benefit or harm
outcomes of IVM as treatment in patients with COVID-19,
both nonhospitalized and hospitalized, irrespective of COVID-
19 severity. We excluded studies assessing prophylaxis for
COVID-19 infection. Controls were the standard of care (SOC)
or placebo. Two investigators (Y. M. R. and P. A. B.) independ-
ently screened titles and abstracts and then assessed full texts of
selected abstracts. Discrepancies were resolved through discus-
sion or by a third investigator (A. V. H.).

Outcomes

Primary outcomes were all-cause mortality rate, length of hos-
pital stay (LOS), and AEs. Secondary outcomes were SARS-
CoV-2 clearance on respiratory samples, clinical improvement,
need for mechanical ventilation, and severe AEs (SAEs). AEs
and SAEs were extracted as defined by authors.

Data Extraction
Two investigators (Y. M. R. and P. A. B.) independently ex-
tracted the following data: country, sample size, dose and

duration of IVM treatment, type of control group (SOC vs pla-
cebo), COVID-19 severity, percentage of reverse-transcription
polymerase chain reaction (RT-PCR) results positive for SARS-
CoV-2, study setting (hospitalized vs nonhospitalized), mean
age, proportions of female patients and patients with hyper-
tension, diabetes mellitus, or cardiovascular disease, outcomes,
and duration of follow-up. COVID-19 disease severity was de-
fined as mild, moderate, or severe according to the WHO clas-
sification [20]. Discrepancies were resolved through discussion
or by 2 other investigators (A. P. and A. V. H.).

Risk of Bias Assessment

Two investigators (Y. M. R. and P. A. B.) independently as-
sessed the risk of bias (RoB) using the Cochrane Risk of Bias
2.0 tool for RCTs [21]; disagreements were resolved by dis-
cussion with a third investigator (A. P.). This tool evaluates 5
domains of bias: randomization process, deviations from in-
tended interventions, missing outcome data, measurement of
the outcome, and selection of the reported results. The RoB
for each of the 5 domains and overall was described as low,
some concerns, or high.

Statistical Analyses

We reported our systematic review according to 2009
PRISMA guidelines [22]. Inverse variance random effect
meta-analyses were performed to evaluate the effects of IVM
versus control on outcomes. Effects of meta-analyses were re-
ported as relative risk (RR) for dichotomous outcomes and
as mean difference for continuous outcomes. The between-
study variance (%) was calculated using the Paule-Mandel
method [23], and the 95% confidence intervals (CIs) of ef-
fects were adjusted using the Hartung-Knapp method [24].
We adjusted for zero events in 1 or 2 RCT arms, using the
continuity correction method [25].

The heterogeneity of effects among studies was quantified
using the I* statistic (I* >60% indicates high heterogeneity). We
prespecified subgroup analyses by severity of COVID-19 disease
and RoB; P for interaction values <.1 indicated effect modification
by subgroup. Sensitivity analyses excluding RCTs with shorter fol-
low-up (ie, <21 days) were planned for the primary outcomes. The
meta package of R 3.5.1 software (www.r-project.org) was used
for meta-analyses. The certainty or quality of evidence (QoE)
was evaluated using GRADE methods, which cover RoB, incon-
sistency, indirectness, imprecision, and publication bias [26]. The
QoE was evaluated for each outcome, and described in the sum-
mary of findings tables; GRADEpro GDT software (version 2020)
was used to create summary of findings tables [27].

RESULTS

Selection of Studies
Our search yielded 256 citations with an additional 9 citations
identified in preprint Web pages; 253 records were excluded.
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After assessing 12 full texts, we identified 10 RCTs [28-37]
(n =1173) (Figure 1). Two full texts were excluded; there was
no control group in one of these studies, and an outcome of no
interest (duration of fever) was the only outcome reported in
the other.

Characteristics of RCTs

One RCT was conducted in Spain [34], and the other 9 were
conducted in low- and middle-income countries. Sample sizes
for RCTs ranged from 24 [34] to 398 [36] patients. IVM doses
were heterogeneous in terms of total doses (ranging from 12 mg
[35] to 210 mg [29]) and duration (ranging from 1 [28, 31, 33—
35] to 5 [29, 30, 32, 36] days). Controls were the SOC in 5 RCTs
[28-31, 35] and placebo in 5 [32-34, 36, 37]. Most RCTs were
conducted in patients with mild COVID-19: mild in all or most
patients in 8 RCTs [28, 29, 31, 32, 34-37], moderate in 1 [33],
and mild and moderate in 1 [30] (Table 1).

All patients had RT-PCR results positive for SARS-CoV-2
at baseline, except in 2 RCTs: Niaee et al [30] reported 71%
positivity, and Ravikirti et al [37] reported positive RT-PCR
or rapid antigen test results. The RCTs by Chachar et al [28],
Chaccour et al [34], and Lépez-Medina et al [36] were con-
ducted in nonhospitalized patients. Mean or median ages
ranged from 26 to 56 years, and the percentage of female
patients from 15% [35] to 78% [36], and most patients did
not have hypertension, diabetes mellitus, or cardiovascular
disease. Evaluated outcomes were also heterogeneous across
RCTs, and the duration of follow-up ranged from 5 days [30]
to 30 days [29].
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Figure 1.
trial.

PRISMA flowchart diagram. Abbreviation: RCT, randomized controlled

RoB Assessment of Included RCTs

Eight RCTs had a high RoB [28-32, 35-37], the one reported
by Beltran-Gonzalez et al [33] had some concerns of bias in the
randomization process, and the one reported by Chaccour et al
[34] had a low RoB (see Supplementary Figure 1 for details).

Meta-analyses

IVM, compared with control treatment, did not have an effect
on the all-cause mortality rate in 5 RCTs (RR, 0.37 [95% CI,
12-1.13]; I* = 16%; very low QoE) (Figure 2 and Table 2), on
LOS in 3 RCTs (mean difference, 0.72 days [-0.86 to 2.29 days];
I = 0%; very low QoE) (Figure 3 and Table 2), or on AEs in 3
RCTs (RR, .95 [.85-1.07]; I* = 0%; low QoE) (Figure 4 and Table
2). Compared with control treatment, IVM had no effect on
SAEs in 3 RCTs (RR, 1.39 [95% CI, .36-5.30]; I = 0%; low QoE)
(Figure 5 and Table 2) or on viral clearance in 4 RCTs (RR, 0.96,
[.79-1.16]; I’ = 0%; low QoE) (Figure 6 and Table 2).

Subgroup and Sensitivity Analyses

Subgroup analyses by severity of COVID-19 disease or RoB
were consistent with main analyses (see Supplementary Figures
2.1-2.5), except the subgroup analysis of all-cause mortality
rate by RoB; 3 studies [30, 36, 37] with a high RoB showed a
significant reduction in all-cause mortality (RR, 0.18 [95%
CI, .07-.49]; RoB P for interaction = .1). Sensitivity analyses
excluding studies with follow-up <21 days showed similar ef-
fects as primary analyses for all-cause mortality rate and LOS
(see Supplementary Figures 3.1 and 3.2). The statistical heter-
ogeneity of effects for all-cause mortality was 0% in sensitivity
analysis.

DISCUSSION

We found in our systematic review that, compared with SOC or
placebo, IVM did not reduce primary outcomes (all-cause mor-
tality rate, LOS, and AEs) or secondary outcomes (SARS-CoV-2
clearance in respiratory samples, and SAEs) in RCTs of patients
with mostly mild COVID-19 disease. The QoE was low or very
low for all outcomes. Results of subgroup analyses by severity
of COVID-19 disease or RoB were mostly consistent with those
of the main analyses, except for a significant effect on all-cause
mortality rate in 3 RCTs with high RoB.

Two conventional systematic review and meta-analyses and
2 living systematic review and meta-analyses were published [9,
11-13] (see Supplementary Table 1). Padhy et al [11] published
the first systematic review about IVM in patients with COVID-19,
and their primary outcome was all-cause mortality rate. This study
included only 4 observational studies (n = 629). IVM showed re-
duction of all-cause mortality rate (odds ratio [OR], 0.53 [95%
CI, .09-.36]). However, the authors express caution. as the QoE
was very low [11]. Kow et al [13] published a systematic review of
IVM eftects on all-cause mortality rates in patients with COVID-
19. Their study included only 6 RCTs (n = 1255), and it showed a
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Ivermectin Control

Source Events Total Events Total
Beltran 2021 5 36 6 37
Chaccour 2021 0 12 0 12
Lopez-Medina 2021 0 200 1 198
Niaee 2020 4 120 1 60
Ravikirti 2021 0 57 4 58
Random effects model 9 425 22 365

Heterogeneity: I = 16%, 1° = 0.0745, p = 0.31

RR [95%-CI] Favors IVM  Favors Control Weight
i

0.86 [0.29; 2.56] : 41.7%
1.00 [0.02; 46.56) : 4.1%
0.33 [0.01; 8.06] . 5.9%
0.18 [0.06; 0.55] —— 41.2%
0.11[0.01; 2.06] ——+———— 7.1%
037042 143] S— | 100.0%

002 01 0512 10 50
Risk Ratio (95% CI)

Figure 2.  Effect of ivermectin (IVM) on all-cause mortality rates in randomized controlled trials in patients with coronavirus disease 2019. Abbreviations: Cl, confidence

interval; RR, relative risk.

reduction of all-cause mortality rate with IVM (OR, 0.21 [95% CI,
.11-.42]).The authors reported a high RoB in most of the RCTs,
described their findings as preliminary, and suggested that IVM
should preferably be administered within RCTs [13].

The WHO published a living systematic review about IVM
in patients with COVID-19, with all-cause mortality rate as the
primary outcome [9]. Sixteen RCTs were evaluated, but only 5
directly compared IVM with SOC and reported mortality rates
(n =915); IVM reduced all-cause mortality rates (OR, 0.19 [95%
CI, .09-.36]). However, the QoE was very low for mortality, and
the panel concluded that the effect of IVM on mortality rates
was uncertain. Other outcomes (ie, mechanical ventilation,
hospital admission, and duration of hospitalization) also had
very low QoE. WHO recommended using IVM only in RCTs
[9]. Siemieniuk et al [12] published a living systematic review of
IVM in patients with COVID-19, with mortality rate as the pri-
mary outcome and 10 other outcomes, including hospitalization

and time to viral clearance [12]. Seven RCTs contributed to the
mortality assessment (n = 751). IVM was associated with a re-
duced mortality rate (risk difference per 1000 vs SOC, —103
[95% CI, —117 to —78]), but the QoE was very low. For other
critical outcomes the QoE was low. This study concluded that
the effects of IVM were highly uncertain, without definitive evi-
dence of important benefits and harms [12]. Taken together, the
results of these 4 studies suggested that IVM should not be used
in patients with COVID-19. Living systematic reviews allow au-
thors to update the evidence regularly, which is particularly im-
portant in a pandemic scenario [38].

We also found 3 preprints of systematic reviews [14-16]
(see Supplementary Table 2). Castafieda-Sabogal et al [14]
evaluated 12 studies (6 RCTs, 5 retrospective cohorts, and
1 case series; n = 7412) without description of COVID-19
severity. IVM did not reduce the mortality rate (RR, 0.70
[95% CI, .31-2.28]) or increase the rate of recovery (1.37

Table 2. Summary of Findings on the Effect of lvermectin Compared With Standard of Care or Placebo in Patients With Coronavirus Disease 2019

Anticipated Absolute Effect (95% CI)?

Outcome Relative Effect No. of Participants

(Duration of Follow-up) Risk With Control Risk With lvermectin (95% ClI) (No. of RCTs) Certainty of Evidence®

All-cause mortality rate 6 per 100 2 per 100 (1 to 7) RR, 0.37 (.12 to 1.13) 787 (5) 000

(5-28 d) Very low®d

LOS (5-28 d) Mean LOS, 10 d MD, 0.72 d (-.86 to 2.29 d) 286 (3) OO0
Very low®!

AEs (56-28 d) 76 per 100 72 per 100 (65-81) RR, 0.95 (.85-1.07) 467 (3) ®®OOLow?

SAEs (5-28d) 0 per 100 0 per 100 (0-0) RR, 1.39 (.36-5.30) 179 (3) ®&d0O0
Low"

Viral clearance (5-28 d) 410 per 1000 394 per 1000 (312-472) RR, 0.96 (.76-1.15) 262 (4) 1 1ele)
Low'

Abbreviations: Cl, confidence interval; d, days; LOS, length of stay; MD, mean difference; RCTs, randomized controlled trials; RR, relative risk.

“The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

PGRADE Working Group grade of evidence. High certainty indicates confidence that the true effect lies close to that of the estimate of the effect. Moderate certainty indicates moderate
confidence in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. Low certainty indicates limited con-
fidence in the effect estimate; the true effect may be substantially different from the estimate of the effect. Finally, very low certainty indicates very little confidence in the effect estimate;
the true effect is likely to be substantially different from the estimate of the effect. @OOO means very low certainty of evidence; @®0OO means low certainty of evidence.

“The studies reported by Lopez-Medina et al [36], Niaee et al [30], and Ravikirti et al [37] had a high risk of bias (RoB); that of Beltran-Gonzalez et al [33] had some concerns; and that of

Chaccour et al [34] had a low RoB.
YImprecision: 95% Cl, .12-1.13.

“The studies reported by Ahmed et al [32] and Niaee et al [30] had high RoB, and that of Beltran-Gonzalez et al [33] had some concerns.

‘Imprecision: 95% Cl, —2.03 to 4.25.

9The studies reported by Krolewiecki et al [29] and Lépez-Medina et al [36] had high RoB, and that of Chaccour et al [34], low RoB.
"The studies reported by Ahmed et al [32], Bukhari et al [35], and Krolewiecki et al [29] had high RoB.
'The studies reported by Podder et al [31], Bukhari et al [35], and Ravikirti et al [37] had high RoB, and that of Chaccour et al [34], low RoB.
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Ivermectin Control
Source Mean SD Total Mean SD Total MD [95%-CI] Favors IVM Favors Control Weight
Ahmed 2021 960 47500 24 9.70 4.0000 24 -0.10[-2.58; 2.38] " 14.3%
Beltran 2021 6.75 5.1900 36 525 2.2200 37 1.50[-0.34; 3.34] 26.1%
Niaee 2020 6.59 24700 116 6.02 4.0500 49 0.57 [-0.65; 1.79] 59.5%
Random effects model 176 110 0.72 [-0.86; 2.29] | : 100.0%

Heterogeneity: 1> = 0%, ©* =0, p = 0.56

Figure 3.
terval; MD, mean difference; SD, standard deviation.
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Effect of ivermectin (IVM) on length of stay in days in randomized controlled trials in patients with coronavirus disease 2019. Abbreviations: Cl, confidence in-

[.61-3.07]). The authors concluded that there was insuffi-
cient certainty and low QoE. Hill et al [15] evaluated 18
RCTs (n = 2282) with mostly mild to moderate disease se-
verity. In 6 RCTs (4 preprints and 2 trial registry Web re-
cords; n = 1255), IVM reduced the all-cause mortality rate
(RR, 0.25 [95% CI, .12-.52]) but did not increase the re-
covery rate (1.37;.61-3.07). The RCT quality was classified
as limited in 4 studies, fair in 1, and good in 1. Hill et al
concluded that IVM should be evaluated in well-designed,
large RCTs [15]. Finally, Bryant et al [16] evaluated 19 RCTs
(n =2003). In 13 of the 19 (3 published RCTs, 9 preprints,
and 1 trial registry Web registry; n = 1892) with mostly
mild to moderate disease severity, IVM reduced the mor-
tality rate (adjusted RR, 0.32 [95% CI, .14-.72]) [16]; the
QoE was low to moderate. Bryant et al recommended the
use of IVM in COVID-19, particularly in early disease,
without supporting data. The last 2 studies [15, 16] used
very flexible research strategies and included 0% and 13%
of peer-reviewed studies, respectively. In consequence, they
were subject to selection bias, which may explain the re-
ported effects of IVM on mortality rates.

Several Web sites published systematic reviews and meta-
analyses about IVM in patients with COVID-19 with unclear or
absent details on methods and reporting guidelines [17-19] (see
Supplementary Table 2). These Web sites did not include pro-
tocol registration and have relevant omissions, such as inclusion
criteria [19], searched databases [18, 19], study quality assess-
ment [17, 19], meta-analysis methods [19], and the definition
of heterogeneity [17, 19]. Arbitrarily broad inclusion criteria
(ie, studies submitted directly to the Web sites, more preprints

than peer-reviewed studies) led to a high number of RCTs and
participants. For example, a “real time meta-analysis” reported
by ivmmeta.com included 46 studies, 24 of them RCTs, and 15
480 participants [17]. Coincidentally, these 3 studies showed
beneficial outcome effects with IVM [17-19]. In the context of
a misinformation infodemic, the dissemination of these results
caused confusion for patients, clinicians (in particular those
without training in critical reading of scientific literature), and
decision makers, who may manipulate the information with po-
litical interests [39].

The use of IVM to treat COVID-19 has shown several limi-
tations in management strategies: lack of transparency by some
political leaders or media to support drug use without evidence
of efficacy and safety; lack of leadership in implementing ther-
apeutic science-based guidelines; and misuse of effective sci-
entific communication [40, 41]. Similar issues were previously
experienced with hydroxychloroquine and will probably be
repeated with other repurposed drugs. Therefore, there is an
urgent need to establish collaborative efforts among scientists,
practitioners, communicators, and policy makers. A large, well-
designed, and well-reported RCT provides the most reliable
information on efficacy in the specific target population from
which the sample was drawn. Well-designed and well-reported
meta-analyses can provide valuable and confirmatory informa-
tion [42].

IVM is generally safe at conventional doses for approved indica-
tions [4, 5]. However, its safety became a concern owing to longer use
and/or higher doses in patients with COVID-19. IVM was found to
be similar to placebo in safety and tolerability, even at 10 times the
highest FDA-approved dose of 200 pg/kg in healthy volunteers [43],

Ivermectin Control
Source Events Total Events Total RR [95%-CI] Favors IVM Favors Control Weight
Chaccour 2021 5 12 5 12 1.00[0.39; 2.58] 1.1%
Krolewiecki 2020 13 30 5 15 1.30[0.57;2.96] 1.5%
Lopez-Medina 2021 154 200 161 198 0.95(0.86; 1.05) 97.4%
Random effects model 172 242 171 225 0.95[0.85;1.07] | | 100.0%

Heterogeneity: P?= 0%, = 0,p=075

Figure 4.
RR, relative risk.

002 01 051 2 10 50
Risk Ratio (95% Cl)

Effect of ivermectin (IVM) on adverse events in randomized controlled trials in patients with coronavirus disease 2019. Abbreviations: Cl, confidence interval;
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Ivermectin Control
Source Events Total Events Total RR [95%-CI] Favors IVM Favors Control Weight
Ahmed 2021 0 24 0 24 1.00[0.02; 48.41] 32.2%
Bukhari 2021 0 41 0 45 1.00[0.02; 49.48] 3 31.8%
Krolewiecki 2020 1 30 0 15 2.50 [0.06; 97.92] i 36.0%
Random effects model 1 95 0 84 1.39[0.36; 5.30]

Heterogeneity: 1 = 0%, v = 0, p = 0.93

Figure 5.
interval; RR, relative risk.
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Effect of ivermectin on (IVM) severe adverse events in randomized controlled trials in patients with coronavirus disease 2019. Abbreviations: Cl, confidence

but not in patients with COVID-19. In addition, the use of IVM
needs further analysis when IVM is combined with other agents for
COVID-19 [44, 45]. In several settings, it was wrongly assumed that
the potential benefits of using repurposed drugs outweigh their po-
tential harms [46]. Well-designed RCTs with longer treatment and
higher doses are necessary to further evaluate the safety of IVM in
patients with COVID-19.

Our study has several strengths. First, we performed a re-
cent and comprehensive systematic search in 5 engines and
unpublished studies without language restriction. Second,
we evaluated only RCTs; several previous studies included
all types of designs, and their findings may have been bi-
ased and confounded. Third, we evaluated outcomes with
information from at least 2 RCTs; no data were available
on clinical improvement or the need for mechanical venti-
lation. Fourth, we described the severity of COVID-19 di-
sease in each RCT carefully, using the WHO classification
[19]; our findings do not support the use of IVM in mild
disease. Fifth, we performed subgroup analyses by RoB
and severity of disease, the results of which were mostly
similar to those of the main analyses; however, we found
that 3 RCTs with a high RoB [30, 36, 37] had significant
reductions in all-cause mortality rates. Sixth, we also per-
formed sensitivity analysis by excluding studies with short
follow-up times; the effects were similar. Finally, we evalu-
ated the QoE using GRADE methods.

Our study also has some limitations. First, the QoE was
low or very low for all outcomes. However, our study evalu-
ated the best current available evidence, and all IVM ef-
fects were negative. Second, we included only 10 RCTs, 5
of which used placebo treatment as the control, and studies
included relatively small numbers of participants. However,
included RCTs are the studies available through 22 March
2021. Third, all selected RCTs evaluated patients with mild
or mild to moderate COVID-19. However, the supposed
benefit of IVM has been positioned precisely for mild di-
sease, but we did not find differential IVM effects between
these 2 severity categories. Fourth, some outcomes were
scarce, in particular all-cause mortality rates and SAEs; we
adjusted for zero events in one or both RCT arms in our
analyses of these outcomes. Finally, analyses of primary out-
comes excluding studies with short follow-up (5-10 days)
showed similar IVM effects.

In conclusion, compared with SOC or placebo, IVM did
not reduce all-cause mortality rate, LOS, respiratory viral
clearance, AEs, or SAEs in RCTs of patients with mild to
moderate COVID-19. We did not find data about IVM ef-
fects on clinical improvement or the need for mechanical
ventilation. Additional ongoing RCTs should be completed
to update our analyses. In the meanwhile, IVM is not a viable
option for treating patients with COVID-19, and should be
used only within clinical trials.

Ivermectin Control
Source Events Total Events Total RR [95%-CI] Favors IVM Favors Control Weight
Podder 2020 18 20 19 20 0.95[0.79; 1.13] 81.6%
Chaccour 2021 0 12 0 12 1.00 [0.02; 46.56) 0.2%
Bukhari 2021 20 41 18 45 1.22[0.76; 1.96] 11.3%
Ravikirti 2021 13 55 18 57 0.75[0.41; 1.38] 6.9%
Random effects model 51 128 55 134 0.96 [0.79; 1.16]

Heterogeneity: /* = 0%, t* = 0, p = 0.65

Figure 6.
relative risk.
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Effect of ivermectin (IVM) on viral clearance in randomized controlled trials in patients with coronavirus disease 2019. Abbreviations: Cl, confidence interval; RR,
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