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Abstract

Background: Studies evaluating the effectiveness of ivermectin in reducing time to recovery in patients with COVID-19
have yielded mixed results. We conducted a systematic review and meta-analysis to determine if ivermectin was effective in
patients with COVID-19.

Methods: Six databases were searched for Randomised Controlled Trials (RCTs), assessing ivermectin in adult
hospitalised with COVID-19 up till December 15th, 2021. Random effects meta-analyses (DerSimonian and Laird) were
conducted. The risk of bias was evaluated using the Cochrane Risk-ofBias 2 tool, with certainty of evidence rated using the
Grading of Recommendations, Assessment, Development, and Evaluations (GRADE) approach. Trial sequential analysis
(TSA) was conducted on the reduction in time-to-recovery, as well as mortality.

Results: Twenty-three RCTs (3087 patients, 1601 ivermectin and 1486 control) were included in the meta-analysis;
5 with high risk of bias, 13 with moderate risk and 5 with low risk. lvermectin reduced overall time-to-recovery (Hedges’ g:
-0.65, 95%-Cl: -1.04 to -0.27, p=0.0009, low certainty), and inhospital mortality (Risk Ratio [RR]: 0.62, 95%-CI: 0.39-0.99,
p=0.046, low certainty). There were no differences in hospital length of stay (Hedges’ g: -0.49, 95%-Cl: -1.16 t0 0.18, p=0.15,
low certainty), or the final proportion of patients with negative SARS-CoV-2 PCR (RR: 1.04, 95%-CI: 0.98-1.10, p=0.18, low
certainty). TSA found that the cumulative Z-curve passed the TSA-adjusted boundary for benefit for time to recovery. The
cumulative Z-curve did not pass the boundaries for benefit or futility for reduction in mortality.

Conclusion: Our meta-analysis revealed ivermectin may reduce time-to-recovery in patients with COVID-19. However,
most RCTs included were limited by risk of bias in the randomisation process, reporting of outcomes and deviations from
intended interventions. There was also significant heterogeneity in terms of timing, duration, and dosing of ivermectin. Thus,

L

the apparent benefit seen in this analysis should be interpreted in this context.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has resulted
in a wave of research into therapeutic targets that might be able to treat,
or prevent the progression of COVID-19 disease [1]. Despite this spike in
research, very few treatments have been established to reduce morbidity
and mortality from COVID-19. While drugs like corticosteroids [2]
and tocilizumab may reduce mortality in severe disease, [3,4] there
is less convincing evidence on other therapies, such as convalescent
plasma or remdesivir, which are shown to prevent or reduce disease
progression and hospitalisation [5,6]. One such other therapy that lacks
conclusive evidence is ivermectin, despite its use in observational and
randomised control trials (RCTs) as therapeutic and/or prophylactic
agent in patients with COVID-19 [7]. Initially used as an antiparasitic
agent, ivermectin has in recent years received interest as an antiviral
against ribonucleic acid (RNA) viruses. It was initially discovered as
an inhibitor of interaction between human immunodeficiency virus-1
(HIV-1) integrase (IN) and the importin (IMP) a/p1 heterodimer for
IN nuclear import, limiting HIV-1 replication by inhibiting the nuclear
import of host and viral proteins [8,9]. Such functions extend to other
RNA viruses such as influenza and dengue which are similarly reliant
on IMP «/B1 [10,11]. With further studies highlighting the role of IMP
a/Bl in severe acute respiratory syndrome coronavirus (SARS-CoV)
infection, ivermectin has received considerable attention as a potential

antiviral medication for patients with COVID-19.Prior studies have
addressed the usage of ivermectin in COVID-19, but there is still a
paucity of conclusive evidence on its effectiveness. The World Health
Organisation (WHO) living guideline has recommended against using
ivermectin to treat COVID-19, except in clinical trials [12]. There is
also equivocal evidence between clinical studies suggesting a lack of
consensus on whether ivermectin is able to provide a clinical benefit
to patients with COVID-19 [13-16]. As such,we conducted a systematic
review and meta-analysis with trial sequential analysis (TSA) of
published RCTs to elucidate the effect ivermectin has on disease
outcomes in patients with COVID-19.
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Methodology

Search strategy and selection and criteria

This study was registered with PROSPERO (CRD42021254751),
and was conducted in adherence with the Preferred Reporting Items
for Systematic Reviews and Meta-analyses Statement Checklist
[17]. PubMed, Embase, Cochrane, Scopus, medRXiv, and COVID-
NMA databases were originally searched for publications up till 1st
September 2021, using the keywords ‘COVID-19, ‘ivermectin, and
‘randomised controlled trial’ (Supplementary Data 1). The search
was then subsequently re-ran at a later date till 15th December 2021,
to account for any new studies that might have been published in the
meantime. The studies and citation lists obtained from these searches
were then assessed for inclusion. Inclusion criteria were RCTs written
in English reporting on 10 or more adults (> 18 years) hospitalised
with COVID-19, that compared ivermectin with a control group and
reporting on the following prespecified outcomes. Studies reporting
on non-human populations, as well as studies where ivermectin was
administered prophylactically were excluded.

Data collection

Data collection was conducted using a prespecified data
extraction form and the included the following areas: Study
characteristics, patient demographics, baseline characteristics of the
subjects, details of their indications for ivermectin or comparator
treatment, and clinically relevant patient outcomes (Supplementary
Data 2).

Risk of bias assessment

Risk of bias within individual RCTs was rated using the Cochrane
Risk-of-Bias 2 Tool. The certainty of evidence was rated using the
Grading of Recommendations, Assessment, Development, and
Evaluations (GRADE) approach. Publication bias was assessed using
visual inspection of funnel plots (when studies<10) and Egger’s
regression test (when studies>10). The screening of articles, data
collection, and risk of bias assessment was carried out independently
by three reviewers, with conflicts resolved by a fourth reviewer.

Study outcomes

The primary outcome was the time-to-recovery, which comprised
time-to-negative Polymerase Chain Reaction (PCR) test, and/or
symptom resolution. This was quantified using the standardized
mean difference (SMD, Hedge’s g), which accounts for heterogeneity
and differing variances across treatment arms in the selected studies.
Secondary outcomes included the hospital length of stay (LOS),
negative PCR test, hospital mortality, and presence of any ivermectin-
related recorded adverse drug events.

Statistical analysis

Means and standard deviations (SD) were derived from the reported
data using the methods by Wan and colleagues [18]. Statistical analyses
were performed using R3.6.1. We anticipated significant heterogeneity
considering the variability of patients’ conditions and pharmacological
therapies used in the treatment of COVID-19. As such, random-effects
meta-analyses (DerSimonian and Laird) were conducted based on the
Freeman-Tukey double arcsine transformation, and 95% confidence
intervals (CIs) were computed using the Clopper-Pearson method [19-
21]. A post hoc sensitivity analysis was conducted by excluding pre-
print studies, and analysing only studies published in peer-reviewed
journals to identify the possible causes of substantial heterogeneity.

Pre-specified subgroup analysis was conducted based on the risk of bias
of each study (low, moderate, high).

To further elicit the therapeutic effect of ivermectin in COVID-19,
we performed TSA using TSA v0.9.5.10 (www.ctu.dk/tsa), assessing
efficacy and futility based on the O’Brien-Fleming alpha and beta-
spending functions respectively. Similar to group sequential monitoring
boundaries in RCTs during interim analyses, TSA implements
cumulative meta-analysis to evaluate the cumulative pooled effect
following the inclusion of an additional trial based on the information
size thus obtained.

Results

Study details and demographics

Out of the 452 potentially relevant studies across the databases,
83 were selected for full-text screening. Twenty-seven RCTs were
selected for review in our study, however, four studies were excluded:
two of them did not report on prespecified outcomes, [22,23] while the
other two were subsequently retracted due to data discrepancies[24,
25]. Consequently, 23 studies (3087 patients, 1601 and 1486 patients
in ivermectin and control, respectively) were included in the meta-
analysis (Figure 1) [13-16, 26-44]. At the time of writing, there were 9
pre-prints and 14 peer-reviewed publications. Seventeen studies were
from Asia and the Middle East, 3 studies were from South America,
and 1 study each from Europe, Africa and Central America. The pooled
mean age between the ivermectin (42.9 years, 95%-CI: 39.5 to 46.4) and
control group (42.6 years, 95%-CI: 38.7 to 46.5) was similar. Ivermectin
was started in variable presentations of COVID-19 (mild, moderate,
severe, and critical), across a range of doses (from 6 mg to 24 mg,
though many studies gave doses in mcg/kg), and drug administration
timings. Study details, patient demographics, outcomes, complications,
and adverse events are summarised in Supplementary Data 3 and 4, and
the indications, doses, and interval from symptom onset to ivermectin
administration are summarised in Supplementary Data 5.
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Figure 1: Flow diagram for preferred reporting items for systematic reviews and meta-
analyses.

Assessment of study quality

The risk of bias for the included studies are summarised in
Supplementary Data 6. 5 studies were deemed to have overall high risk
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of bias, 13 studies had moderate risk of bias, while the remaining 5
studies had an overall low risk of bias. The main risks of bias were in the
randomisation process, the selection of reported results, and deviations
from intended interventions. The GRADE assessment of evidence was
summarized in Supplementary Data 7. Primary meta-analysis

Eleven studies reported on the time-to-recovery between both
groups, ivermectin significantly reduced the time-to-recovery in
patients with COVID-19 (Hedges g: -0.65, 95%-CI: -1.04 to -0.27,
p=0.0009, lowcertainty, Table 1) with no significant evidence for
publication bias (pegger=0.21, Supplementary Data 8). A post-hoc
sensitivity analysis, excluding pre-print studies was conducted, only
analysing studies which were published in peer-reviewed journals. The
pooled estimate remained relatively similar (g: -0.65, 95%-CI: -1.10
to -0.21, p=0.0037). Subgroup analysis by the risk of bias found that
improvements in time-to-recovery with ivermectin usage reported by
studies with some concerns of bias (8 studies, g: -0.39, 95%-CI: -0.68
to 9-0.11, p=0.0068) did not significantly differ (pinteraction=0.18)
from those with high risks of bias (3 studies, g: -1.45, 95%-CI: -2.96
to 0.06, p=0.060). No studies with low risk of bias were included in the
subgroup analysis.

Trial sequential analysis

We conducted an efficacy analysis based on the RCTs that reported
on the time-to-recovery and mortality between both groups of patients.
In this model, we specified a type I error 0.05 and a power of 0.80
and estimated the required information size from the pooled effects
of our meta-analysis, namely (1) a reduction in time-to-recovery by
-1.0 day, and (2) a 37.9% RR reduction in mortality form a baseline
in-hospital mortality rate of 7%. For the time-to-recovery, the required
information size was 1874 patients. The cumulative Z-curve passed the
conventional boundary and TSA-adjusted boundary for benefit (Figure
2). The required information size to estimate the pooled reduction in
hospital mortality was 2870. While the cumulative Z-curve crossed
the conventional boundary of benefit, it did not pass the TSA-adjusted
boundaries for benefit or harm, (Supplementary Data 9). Given that
efficacy was not demonstrated for mortality, we deemed the hypothesis
of futility to be relevant. Thus, futility analysis was conducted to see
whether ivermectin was completely futile in treating COVID-19. The
cumulative Z-curve did not cross the boundary for futility either.

Ivermectin Control SMD 95% CI Weight
Time to recovery

Study Total Mean SD Total Mean SD
Bias=High
Chowdhury 2021 60 9.98 3.7900 56 7.6090 0.03 [-0.33;0.40] 19.7%
Hashim 2020 70 10.61 5.3000 |70 17.90 6.8000 : -1.19 [-1.55;-0.83] |9.8%
Shahbaznejad 2021 35 4.20 0.3000 34 0.3000 - 1 -3.30 [-4.03;-2.56] |7.7%
Random effects model 250 247 - -1.45 [-2.96; 0.06] 27.2%
Heterogeneity: | 2=97%, t2=1.7097, p<0.01 ]
Bias=Some |
Ahmed 2021 45 10.62 43250 |23 12.70 3.3530 . -0.51 [-1.02; 0.00] |9.0%
Babalola 2021 42 5.53 3.1200 |20 7.4200 —— -0.77 [-1.32;-0.22] |8.8%
Lopez-Medina 2021 200 10.70 2.9870 [198 11.30 2.9870 1 -0.20 [-0.40;0.00] [10.4%
Mohan 2021 80 4.26 2.5300 |45 2.9400 T -0.12 [-0.48;0.25] |9.7%
Podder 2020 32 6.33 4.2300 |30 2.4800 = 0.29 [-0.21;0.79] 9.0%
Pott-Junior 2021 27 5.17 2.7200 4 2.1831 - -0.18 [-1.23;0.87] 6.0%
Mahmud 2021 183 7.00 4.4830 180 5.2310 ) -0.34 [-0.55;-0.14] |10.4%
Aref 2021 57 8.30 2.8000 |57 12.90 4.3000 e -1.26 [-1.66;-0.86] 9.6%
Random effects model 763 & 8 o 4 o 4 039  [068-011 728%
Heterogeneity:Not applicable
Random effects model 831 \717 -0.65 [-1.04;-0.27] |100.0%
Heterogeneity: 12=91%, t2=0.3634, p<0.01
Residual heterogeneity: | 2=91%, p<0.01

Table 1: Standardised mean difference in time to recovery among patients with COVID-19 treated with ivermectin or standard of care (control).

Cumulative
2 Score

Faveurs
Ivemectin
BoMow B n oo

TSA Ivermectin = 1874

Favours
Control
L

Figure 2: Trial sequential analysis for time to recovery between both groups of patients. We modelled our TSA based on a -1 day
difference in time to recovery. The required information size is 2153, and this is not achieved. The cumulative Z-curve (red line) crosses
the boundary for conventional (light blue dotted lines) and TSA-adjusted boundaries (upper and lower most curves) for benefit.
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Secondary outcomes

Several secondary outcomes were also measured during this
study. Ivermectin significantly reduced the risk of hospital mortality
(11 studies, RR: 0.62, 95%-CIL: 0.39 to 0.99, p=0.046, pegger=0.24,
low certainty). There were no differences in hospital length of stay (5
studies, g: -0.49, 95%-CI: -1.16 to 0.18, p=0.15, lowcertainty), or in the
final proportion of patients with negative SARS-CoV-2 PCR at the end
of data collection (11 studies, RR: 1.04, 95%-CI: 0.98 to 1.10, p=0.13,
low certainty). The details of the other secondary outcomes, including
the forest plots and SMDs of individual’s studies, are summarised in
Supplementary Data 9.

Data was also collected for several other outcomes that were
eventually not meta-analyzed due to insufficient data across all the
studies and the heterogenous way in which outcomes were defined and
assessed. These details are also found in Supplementary Data 4.

We also looked at disease progression, which was measured as the
need for invasive mechanical ventilation in 4 studies, ICU admission in
3 studies, or recorded simply as disease progression in 3 studies. One
study recorded a decrease in WHO ordinal scale score to track disease
progression. (Supplementary Data 4).

Discussion

This systematic review and meta-analysis quantitatively
summarised the evidence for outcomes. The composite time-to-
recovery for ivermectin was shorter when compared to the control.
TSA was concordant with the primary meta-analysis and suggested
that ivermectin may significantly reduce the time-to-recovery. studies
establishing ivermectin’s antiviral effects against SARS-CoV-2 were
concordant with results obtained from recently published RCTs, which
showed significantly reduced time-to-recovery when using ivermectin
or ivermectin combinations as opposed to placebo or non-ivermectin
combinations [13,28]. Additionally, TSA for reduction in mortality
showed that the use of ivermectin did not cross the boundary for
futility, highlighting that more RCTs looking at this outcome should be
performed before arriving at a meaningful conclusion.

Although several prior studies have been published, the research
into effectiveness of ivermectin in COVID-19 has been plagued by
controversies. Elgazzar et al. (2020) demonstrated the benefits of
ivermectin in patients with COVID-19inalarge RCT, but the publication
has been withdrawn due to methodological issues, and discrepancies in
data presented [45]. Additionally, another study by Kory et al. (2021)
was also removed pre-publication for unsubstantiated claims [46].
While there are concerns with regards to the risk of bias of the included
studies, there is some evidence that suggests ivermectin might not be
futile in COVID-19. While early reviews have suggested a significant
mortality benefit, [47] other reviews did not find any significant
improvements in any clinical benefits [48]. Nonetheless, smaller sample
sizes in the aforementioned meta-analyses may have affected the quality
and reliability of the data. More recent reviews of larger sample sizes
have found concordant results with our review [49,50]. Additionally,
the TSA found that the cumulative Z-curve had crossed TSA-adjusted
boundaries for benefit, lending weight that ivermectin might be
useful in treating patients with COVID-19. Furthermore, while the
cumulative Z-curve did not pass the boundary for benefit with regards
to hospital mortality, it more importantly did not cross the futility
boundary. Combining these two analyses together implied that there

was sufficient statistical evidence to suggest that ivermectin reduced
the time-to-recovery in patients with COVID-19, however there was
insufficient evidence to confirm whether it improved mortality or not
in patients with COVID-19.

Currently the evidence base favouring ivermectin is plagued
with inconsistent data and risks of bias, making the effectiveness of
ivermectin in COVID-19 unclear. Rather, more high-quality RCTs
should be conducted to determine its effectiveness more conclusively,
and the target population where it yields the most meaningful benefit.
With a surge of cases once again in the second half of 2021, this holds
immense public health implications, particularly so as ivermectin is
still commonly used in several countries as a routine therapeutic drug
for COVID-19. The Platform Randomised Trial of Treatments in the
Community for Epidemic and Pandemic Illnesses (PRINCIPLE),
is a large scale RCT currently being conducted by the University of
Oxford which aims to shed more light on the efficacy of ivermectin,
and its methodological quality must be subsequently assessed [51].
Furthermore, initial results from the recently concluded Early
Treatment of COVID-19 with Repurposed Therapies (TOGETHER)
trial with more than 1,300 patients has found non-significant decreases
in the risk of extended hospitalisation (RR: 0.91, 95%-CI: 0.69 to 1.19)
and mortality (RR: 0.82, 95%-CI: 0.44 to 1.52) in the ivermectin group
[52].

Strengths and limitations

The meta-analysis and TSA are particularly apposite in the
context of the uncertainty regarding ivermectin for COVID-19. While
several meta-analyses have been conducted, the added value of our
meta-analysis lies in the use of TSA, which was able to evaluate the
cumulative pooled effect in relation to the information size for the
time-to-recovery and in-hospital mortality. Through this, we were able
to show that ivermectin may not be futile in patients with COVID-19.
Moreover, most of the studies were conducted in a wide range of
centres across the world with differing healthcare resource capacities. If
proven to be effective, ivermectin would be beneficial in treating mild
COVID-19 and avoiding hospitalisations in nations where resources
to treat COVID-19 may already be stretched thin. Nevertheless, we
still note that this may still have its limitations, with trials in Asia
being disproportionately frequent compared to other nations. We also
recognise several limitations of our study. Firstly, and most importantly,
the quality of the studies included in our analysis ranged from some
concerns to high risks of bias, and this reduces our certainty in the
pooled effect estimate to some extent. We have acknowledged this risk
of bias and accordingly downgraded the certainty of evidence for our
effect estimates via GRADE. Secondly, there was a wide range off
heterogeneity in the reported outcomes between studies.
Reported timings to recovery vary greatly between studies, and the
secondary outcomes and the way in which they were measured also
differ greatly based on the protocols and practices of individual
institutions. There was also no consensus of the dosing regimen of
ivermectin or other standard regimens. Taken together, the results of
the analysis should hence be interpreted with caution, and the true
effect of ivermectin is yet to be definitively determined. Nonetheless,
our systematic review and meta-analysis represents the most updated
data in the current literature and suggests a possibility that ivermectin
might be effective in patients with COVID-19. More wellconducted and
well-powered RCTs are urgently needed to clarify the effectiveness of
ivermectin better.
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Conclusion

While current clinical sentiment is that ivermectin is ineffective
in treating COVID-19, our systematic review and meta-analysis of the
current literature suggests that it is worthwhile to further explore its use
in patients with COVID-19, as ivermectin may reduce time-to-recovery.
While trial sequential analysis demonstrated that ivermectin treatment
might be effective, the current evidence is limited by very serious risk of
bias, as well as significant statistical and clinical heterogeneity. Further
RCTs directed at the timing and dose of ivermectin in patients with
COVID-19 would be needed to better assess clinical benefit.
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