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Abstract
Objective The effect of ivermectin on mortality in patients with novel coronavirus disease 2019 (COVID-19) has been
investigated in many studies. We aimed to perform a meta-analysis of randomized controlled trials to investigate the overall
effect of ivermectin on the risk of mortality in patients with COVID-19.
Methods We systematically searched PubMed, Cochrane Central Register of Controlled Trials, Google Scholar, and preprint
repository databases (up to February 28, 2021). Random-effects and inverse variance heterogeneity meta-analysis were used
to pool the odds ratio of individual trials. The risk of bias was appraised using Version 2 of the Cochrane risk-of-bias tool
for randomized trials.
Results Six randomized controlled trials were included in this analysis with a total of 658 patients who were randomized
to receive ivermectin and 597 patients randomized in the control group who did not receive ivermectin. Of six trials, four
had an overall high risk of bias. The estimated effect of ivermectin indicated mortality benefits (pooled odds ratio = 0.21;
95% confidence interval 0.11–0.42, n = 1255), with some evidence against the hypothesis of ‘no significant difference’ at
the current sample size.
Conclusion We observed a preliminary beneficial effect on mortality associated with ivermectin use in patients with COVID19 that warrants further clinical evidence in appropriately designed large-scale randomized controlled trials.
Keywords Bias · Clinical trial · COVID-19 · Ivermectin · Mortality

Introduction
Ivermectin is well known for its efficacy against a range
of parasitic diseases, including onchocerciasis and strongyloidiasis. Recently, a systematic review [1] of in vivo and
in vitro studies of ivermectin demonstrated its broad antiviral activity against a range of RNA and DNA viruses. Particularly, ivermectin demonstrated an in vitro antiviral effect
towards the severe acute respiratory syndrome coronavirus
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2 (SARS-CoV-2) [2]. This has since attracted the interest of
frontline clinicians to investigate the potential repurposing
of ivermectin for the treatment of coronavirus disease 2019
(COVID-19). Therefore, we aimed to perform a meta-analysis of randomized clinical trials to investigate the mortality
benefits of ivermectin in patients with COVID-19.

Methods
We performed a systematic literature search in electronic
databases including PubMed, Google Scholar, Cochrane
Central Register of Controlled Trials, and preprint servers (medRxiv, Research Square, SSRN) with no language
restriction, for eligible studies published up to February 28, 2021. The search strategy was built based on the
following keywords and MeSH terms: “COVID-19”,
“SARS-CoV-2”, and “ivermectin”. The clinical trial registries of the United States (clinicaltrials.gov), China
(chictr.org.cn), and World Health Organization (who.int/
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clinical-trials-registry-platform) were also searched for
registered clinical trials of ivermectin for the treatment of
COVID-19 to identify studies with reported findings. Two
investigators (CSK and SSH) independently performed the
literature screening to identify eligible studies. The reference lists of relevant articles were also reviewed to search
for additional studies. Studies eligible for inclusion were
randomized controlled trials comparing the mortality outcomes of ivermectin and its comparators in patients with
COVID-19. We excluded studies with observational design,
single-arm trials, non-randomized trials, and trials that did
not report clinical outcomes. The systematic review followed
the Preferred reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [3].
The outcome of interest was all-cause mortality. Each
included trial was independently evaluated by two investigators (CSK and SSH) who also extracted the study characteristics. Data collected included author(s), trial design,
country, patients’ age, regimen of ivermectin, regimen of
comparator treatment, and mortality outcomes. Two investigators (CSK and SSH) assessed the risk of bias of the trials
included with Version 2 of the Cochrane risk-of-bias tool
for randomized trials (RoB 2) [4], which is a standardized
method for assessing potential bias in reports of randomized
interventions. RoB 2 is structured into a fixed set of domains
of bias, focusing on different aspects of trial design, conduct,
and reporting. We used both the random-effects model and
inverse variance heterogeneity model for the meta-analysis
to estimate the pooled odds ratio at 95% confidence intervals. We examined the heterogeneity between studies using
the I2 statistics and the χ2 test at 50% and P < 0.10, respectively. All analyses were performed using Meta XL, version
5.3 (EpiGear International, Queensland, Australia).

Results
Our systematic literature search retrieved 512 hits of which
401 were unique (titles retrieved after removing duplications) (Fig. 1). After screening, six randomized controlled
trials [5–10] were included with a total of 658 patients who
were randomized to receive ivermectin, and 597 patients
were randomized to the control group who did not receive
ivermectin. The six randomized trials that were included
in the meta-analysis were respectively from Iraq [5], Iran
[6], Bangladesh [7], Egypt [8], Turkey [9], and India [10].
Details of the included studies are shown in Table 1. A differing dosage regimen of ivermectin was noted across the
six randomized controlled trials (Table 1).
The overall risk of bias assessed by RoB 2 is presented
in Table 1. The trial by Niaee et al. [6] and Ravikirti et al.
[10] had an overall low risk of bias. The other trials had an
overall high risk of bias; the trial led by Mahmud et al. [7]
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had a high risk of bias in the domain of missing outcome
data since a significant proportion (21%) of participants
randomized was not included in the analysis; the trial by
Elgazzar et al. [8] had a high risk of bias in the domain of
randomization since the protocol for randomization was not
reported; the trial by Hashim et al. [5] had a high risk of bias
in the domain of randomization due to simple randomization method used with no information on allocation concealment and had also some concerns of bias in the domain of
deviations from intervention due to unblinded participants;
the trial led by Okumuş et al. [9] had a high risk of bias in
the domain of randomization due to simple randomization
method used and had also a high risk of bias in the domain
of deviations from intended interventions due to open-label
nature of the trial. The aforementioned four trials [5, 7–9]
had a low risk of bias for other domains assessed.
The meta-analysis revealed a significantly reduced odds
of mortality with the use of ivermectin among patients with
COVID-19 relative to non-use of ivermectin; the estimated
effect of ivermectin indicated mortality benefits (Fig. 2;
pooled odds ratio = 0.21; 95% confidence interval 0.11 to
0.42, n = 1255) and with some evidence against the hypothesis ‘no significant difference’ at the current sample size.
Some may be concerned by the absence of real-time
reverse transcription-polymerase chain reaction confirmatory test for COVID-19 diagnosis in a significant fraction
of subjects in the trial by Niaee et al. [6], but exclusion of
this trial in the meta-analysis still observed a significantly
reduced risk of mortality with the use of ivermectin among
patients with COVID-19 relative to non-use of ivermectin (pooled odds ratio = 0.23; 95% confidence interval
0.09–0.56).

Discussion
The mortality benefits demonstrated with the use of ivermectin in patients with COVID-19 from this meta-analysis
is in agreement with the findings from the recent systematic review [1] and the largest observational study [11] on
ivermectin thus far exhibiting a significantly reduced odds
of mortality associated with the use of ivermectin (odds
ratio = 0.27; 95% confidence interval 0.09–0.80). We,
therefore, conclude a preliminary positive effect on mortality associated with ivermectin use in hospitalized patients
with COVID-19 that warrants further clinical evidence in
appropriately designed large-scale randomized controlled
trials. Nevertheless, it should be noted that our meta-analysis
was limited by a small number of patients included with
a significant risk of biases in the majority of the included
randomized controlled trials.
Mortality benefits elicited with the use of ivermectin
in patients with COVID-19 likely stem from the ability of
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Fig. 1  PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) flow diagram of process of study selection

ivermectin to hasten clinical recovery in which a higher proportion of patients achieved clinical improvement (inconsistently defined across the included trials) in the ivermectin
group compared to the control group (60.7% versus 44.4%
in the trial by Mahmud et al. [7]; 96.5% versus 62.0% in the
trial by Elgazzar et al. [8]; and 46.7% versus 36.7% trial by
Okumuş et al. [9]). Besides, ivermectin could also prevent
clinical deterioration in patients with COVID-19 wherein a
lower proportion of patients deteriorated clinically (inconsistently defined across the included trials) in the ivermectin
group compared to the control group (4.3% versus 10.0% in
the trial by Hashim et al. [5]; 8.7% versus 17.8% in the trial
by Mahmud et al. [7]; and 2.5% versus 26.0% in the trial by
Elgazzar et al. [8]).
Noteworthily, the use of hydroxychloroquine in the
treatment arm in the trial by Niaee et al. [6] may have

confounded study outcomes. The trial by Hashim et al.
[5] also offered doxycycline along with ivermectin in the
intervention arm along with the standard care that also
included azithromycin and corticosteroids (dexamethasone
or methylprednisolone if needed). Similarly, the study by
Elgazzar et al. [8] also included a complex treatment regimen where trial subjects also received azithromycin, vitamin C, zinc, lactoferrin, acetylcysteine, and prophylactic
or therapeutic anticoagulation in addition to ivermectin;
this was compared with a controlled group that received
hydroxychloroquine. There was a potentially higher risk
of cardiac arrhythmia in the control group that may have
confounded the higher mortality observed (2 deaths versus
24 deaths in treatment and control groups, respectively).
Indeed, RECOVERY trial had previously demonstrated
a greater risk of cardiac death in COVID-19 patients on
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Study design

Randomized, singleblind, controlled trial

Randomized, doubleblind, placebo-controlled trial

Randomized, doubleblind, placebo-controlled trial

Study

Hashim et al. [5]
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Niaee et al. [6]

Mahmud et al.
(NCT04523831)
[7]

Age (median/mean)

Regimen of ivermectin Regimen of comparative intervention in the
in the intervention
controlled group
group
Ivermectin users
(n/N; %)

Mortality

Iraq

2/70; 2.9
Standard care (acetaIvermectin users = 50.1 Oral ivermectin 200
minophen 500 mg if
mcg/kg per day
Non-ivermectin
needed, vitamin C
for two days, and
users = 47.2
1000 mg twice daily,
in patients who
zinc 75–125 mg
needed more time to
daily, vitamin D3
recover, a third dose
5000 IU daily,
of 200 mcg/kg per
azithromycin 250 mg
day was given 7 days
daily for 5 days,
after the first dose
dexamethazone 6 mg
+ oral doxycycline
daily or methylpred100 mg every 12 h
for 5–10 days + stand- nisolone 40 mg twice
daily, if needed)
ard care
Placebo or oral hydrox- 4/120; 3.3
First arm: single oral
Iran
Ivermectin
ychloroquine 200 mg/
dose ivermectin
users = 53–61
kg twice daily
200 mcg/kg
Non-ivermectin
Second arm: three low
users = 55–58
interval oral doses of
ivermectin (200 mcg/
kg) in 1, 3, and 5
interval days
Third arm: single oral
dose ivermectin
400 mcg/kg
Forth arm: three high
interval oral doses of
ivermectin (400, 200,
200 mcg/kg) in 1, 3,
and 5 interval days
0/183; 0
Placebo + standard
Bangladesh Ivermectin users = 40.7 Oral ivermectin 1200
care (acetaminophen,
mcg as a single
Non-ivermectin
vitamin D, low
dose + oral doxycyusers = 38.5
molecular weight
cline 100 mg every
heparin, dexametha12 h for 5 days
sone if indicated)

Country

Table 1  Characteristics of included randomized trials

High

Low

High

6/70; 8.6

11/60; 18.3

3/180; 1.7

Non-ivermectin users
(n/N; %)

Risk of b ias1
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Randomized, doubleblind controlled trial

Elgazzar et al. [8]

Egypt

Country

1

India

Regimen of ivermectin Regimen of comparative intervention in the
in the intervention
controlled group
group
Ivermectin users
(n/N; %)

Mortality

Ivermectin
users = 56.7–58.2
Non-ivermectin
users = 53.8–59.6

2/200; 1.0
Oral hydroxyxOral ivermectin 400
holorquine 400 mg
mcg/kg (maximum
every 12 h for one
2400 mcg) once daily
day followed by
for four days + stand200 mg every 12 h
ard care
for 5 days + standard
care (azithromycin
500 mg daily for
5 days, acetaminophen 500 mg as
needed, vitamin
C 1 gm daily, zinc
50 mg daily, lactoferrin 100 mg twice
daily & acetylcystein
200 mg three times
daily, prophylactic or therapeutic
anticoagulation if
D-dimer > 1000)
6/30; 20.0
Standard care (oral
Ivermectin users = 58.2 Oral ivermectin 200
hydroxychloroquine
mcg/kg/day for five
Non-ivermectin
800 mg loading dose
days + standard care
users = 66.2
followed by 400 mg
for 5 days, favipiravir
3200 mg loading
dose followed by
1200 mg for 5 days,
azithromycin 500 mg
on the first day followed by 250 mg for
4 days)
0/55; 0
Placebo + standard
Ivermectin users = 50.7 Oral ivermectin
care (hydroxychloro1200 mcg for
Non-ivermectin
2 days + standard care quine, corticosteroid,
users = 54.2
antibiotics)

Age (median/mean)

Risk of bias was assessed using Version 2 of the Cochrane risk-of-bias tool for randomized trials

Ravikirti et al. [10] Randomized, doubleblind, placebo-controlled trial

Okumuş et al
Open label, randomized Turkey
(NCT04646109)[9] controlled trial

Study design

Study

Table 1  (continued)

High

High

Low

24/200; 12.0

9/30; 30%

4/57; 7.0

Non-ivermectin users
(n/N; %)

Risk of b ias1
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Fig. 2  Forest plot showing the pooled odds ratio of mortality between ivermectin users and non-ivermectin users with COVID-19

hydroxychloroquine [12]. On the other hand, the trial by
Okumuş et al. [9] included hydroxychloroquine, favipiravir (a broad-spectrum antiviral drug), and azithromycin
as part of the standard care in addition to ivermectin. It
is worth mentioning that the randomized controlled trials
by Niaaee et al. [6], Elgazzar et al. [8], and Okumuş et al.
[9] contributed over 70% weight in this meta-analysis and
therefore a more conclusive clinical evidence is still warranted to confirm the mortality benefits.
In addition, the reporting of adverse events in the included
trials had been poor. Only two trials included the details on
the safety of ivermectin in patients with COVID-19; the trial
led by Mahmud et al. [7] reported erosive esophagitis in one
patient in the treatment arm (ivermectin + doxycycline) but
the use of doxycycline was likely the culprit, since doxycycline alone is one of the most common causes of druginduced esophageal ulcers [13]; the trial led by Okumuş
et al. [9] reported nausea and vomiting in two patients and
increased serum levels of liver enzymes in one patient, but
without serious adverse events or treatment-related adverse
events with ivermectin.
We were aware of at least one treatment protocol of
COVID-19 [14] at the time of writing this manuscript
that recommended the use of ivermectin in patients with
COVID-19. Given the reported mortality benefits with
ivermectin are still preliminary, we suggest that ivermectin should preferably be administered under clinical trial
settings until warranted by more conclusive large-scale
randomized controlled trials.
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