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Notes from a meeting via Zoom between Dr. Tess Lawrie (TL) and Dr.
Andrew Hill (AH)

+ 12 AM 18" of July, 2021

Conversation lasted approximately 44 minutes.

e Greetings

e TL expressed her concern over the quality of Dr. Hill’s review; She remarked that one study
was not a RCT although he stated it was. She also asked why one study that reported
mortality data was not included in the Meta analysis.

e AH seemed unperturbed by these facts and shrugged them off .

e TL then asked how we both can have the same evidence yet different conclusions.

e AH kept on the referring to other people who were ‘saying different things’ and who did not
agree. He also kept on about IC 50 to which TL expressed that it has no relevance in the
meta-analysis in terms of real patients.

e TLalso | expressed her concern that the report was of was very poor quality and contained
many flaws.

e AH shrugged.

e TL asked AH to retract the paper and offered to help him correct it.

e AH didn’t respond then disagreed with TL. AH seemed to be uninterested in doing any
further work on the paper and he seemed satisfied with it as it was.

e TL again asked how we can come up with the same evidence yet different conclusions and
expressed that she is a Dr of medicine and has signed the Hippocratic oath, her patients are
her first concern.

e TLthen enquired why all the data was not graded by him.

e AHshowed a screen with metaevidence.org whence the risk of bias he used was derived.

e Tl said she would examine the site. She reminded him that if he were to be a co-author on
the Cochrane review he would have to do the evidence grading himself .

e TL asked about the author’s list and said there was him and somebody from Imperial College
and then the rest of the authors are from the trials that he was analysing and said that this
was very irregular because it inherently biases the conclusion and which needs to be
independent.

e AHreplied yes.

e TL then asked him who was giving him input and who was he talking to as there were no
other names listed and who was influencing his conclusions. TL mentioned that none of the
other authors would have drawn the same conclusions.

e AH said he was in a ‘sensitive position” —

e TL mentioned that people were dying and needed this medication. AH might not see it but
physicians at the coal-face do.

e AH responded that there are a lot of different opinions about that...
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e TLinterjected and said that we are the ones looking at the data and it doesn’t matter what
other people think. We are the ones with the experience to look at the data and reassure
everybody that it is a safe and cheap medication. It’s very clear.

e AH said that it is not as simple as that...

e TLsaid we have enough evidence that it is simple and that she was shocked that AH wasn’t
taking responsibility for his decision.

e TL asked again who was paying him...

e AH said to look at the Metaevidence group who had looked at the data...

e TLinterjected to tell him that they have no relevance to the analysis, that there are
Cochrane rules on how one evaluates the evidence and individual studies and there are rules
on how one interprets the data. One cannot just put in at the end that “there an impression
that we need more trials ‘cause meta-analyses are not reliable, which | found to be a very
bizarre statement. She chatted re Norwegian Cochrane groups rules. TL said that it is not on
to only meta-analyse death when there were many other outcomes available and then call
for more trials and put more people at risk. She explained that one can’t ethically do more
RCT’s and say “you’ve got a 1% chance of dying if you get ivermectin and 8% chance if you
are in the control group. Would you like to participate?”

e AH said that fundamentally both his and TL’s conclusions on the survival benefit was exactly
the same. Both were both finding a significant effect of survival.

e TLsaid; | graded my evidence and that I’'m absolutely sure it prevents death, we are just not
sure by how much.

e TL asked AH again who was influencing his conclusion.

e AH evaded the question and started talking about the metaevidence group....

e TLinterrupted; the metaevidnce group had nothing to do with us...

e AH responded; The WHO are also looking at the metaevidence site and there a woman
called Dominique Costagliola, a top statistician for the EMEA who looked at the studies and
said they said that the quality is not good enough to make a judgement on survival.

e TLreplied that AH should trust himself and have the faith to correct his paper.

e AH said that the data right now will not get the drug approved.

e TLsaid that it wasn’t up to AH, he doesn’t get to make that decision. That they need to
provide the evidence as a Cochrane review and then discuss implementation and what
happens.

e TL: The truth will come out. Down the line it will be known all these barriers to the truth
being told to the public. This is an opportunity to acknowledge errors in the review, change
the conclusions and come on board with the definitive Cochrane review.

e TL: Asked why more trials are needed when we have the evidence. That it is unethical. It
smacks of corruption and AH is being played.

e AH expresses that he didn’t think so.

e TL said that the review is flawed, it is rushed and not properly put together, the outcomes
that are of interest to patients are clinical outcomes and not animal studies...

e AH: There’s a big school of thought... that animal studies...

e TLinterjected: it's obvious to doctors what counts; if a patient dies it counts... animal studies
have no bearing on clinical practice.
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e AH said that he was getting the opposite criticism. Everything that we are doing cannot be
true.

e TLsaid that one can’t fudge death! Its bad research, she says.

e AH said: Well, it’s a difficult situation...

e TLinterjected again and said that no it is not; | don’t have a paymaster so | can tell the truth.

e AH: | think what’s going to happen is that you will complete your Cochrane review which will
show the same survival effects that | am showing and you’ll reach a conclusion that it’s time
to stop... what have we got...

e TLinterjects and says: We are not just looking at deaths but also time to PCR negativity,
mechanical ventilation, positive Covid tests after prophylaxis, admission to ICU’s and all the
outcomes that are clinically meaningful.

e TL asks: How can you deliberately try and mess it up?

e AH says: It’s not messing it up, its saying we need a short time for more studies —that there
are already on-going — and we’re going to get the results, rest assured I’'m not going to let
this last for a long time.

e TLinterjects. The fact that you are say you are not going to let this last for a long time
makes you realise the impact of your work. How long are you going to carry on and let
people die unnecessarily? What time-line have you allowed for this then?

e AH responds that it’s all got to go to the WHO, the NIH and the FDA and the EMEA and
they’ve go to decide when they think enough is enough...

e TL responds that how do they decide when nobody is giving them good evidence synthesis;
cause AH’s certainly not good.

e AH says; well when yours comes out in the very near future at the same time there will be
other trials which will nail it.

e TLreplies to say that it is already nailed.

e AH says that this is not the view of the WHO or the FDA, it simply isn’t. The problem is that if
we stop now we might get nowhere, no approval, people will say well that’s not enough,
they’ll say the trials are too small, not properly blinded, not high quality etc. That’s the real
risk; | don’t want to take that risk...

e TL; But you’d rather take the risk of loads of people’s lives. If you and | stood together on
this we could present a united front and we could make it happen and save lives and prevent
NHS workers from getting infected and prevent the elderly from dying.

e AH says a trial in Argentina is about to end, would you stop it?

e TL: we can talk about that, according to our study... maybe 8 deaths. We could probably let
them finish... but hospitalised patients who are severely ill I'd say no... if nobody wanted to
stop, and then let the trials on mildly ill patients continue...

e AH responds; what about the studies we don’t know the results for...Colombia etc.?

e TLsays it doesn’t matter, we know that if people don’t get ivermectin they have a greater
chance of dying.

e AH disagrees, saying we’ve got 2000 with 5000 in trials pending , if we make the claim on the
2000 and the 5000 show something else what do we do?

e TL says they cannot show something else because we have evidence that ivermectin
works.... We're getting nowhere because | can see that you have an agenda, whether you
admit to it or not and it is to kick this as far down the road as you can. We are not; we are
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trying to save lives. That what we do. I’'m a doctor and I’'m going to save as many lives as |
can and I’'m going to do that by getting the message on ivermectin though clearly.

e TL says that unfortunately your work is going to impair that and you seem to be able to bear
the burden-

e AH says yes.

e TL continues and says - of many many deaths. How are we to work together on this review?

e AH says that he is very happy to give TL as much data as he can so she can do an
independent review, looks like the results you are going to get will be very similar but with a
greater degree of rigour, | want make sure were also aligned with the people doing living
meta analysis and include the metaevidence he was talking to them on a weekly basis trying
to update them so that everybody is getting to the same conclusion...if they are not ..

e TLinterjects saying; to your conclusion?

e AH responds; no, no, let’s talk about the conclusion that the data says and what the
implications are, they are two different things. We're agreeing on what the effect of
ivermectin is on survival in the current data, what we’re not agreeing on is what we should
do about it....

e TL says that Its obvious what you do about it, you grade the evidence and you have not
graded the evidence...

e AH says; (difficult to hear) it’s in the back...

e  TL asks; who is paying you?

e AH says; its UNITAID and recites their stock phrase about their research objectives.

e TL asks; So who'’s conclusions are those on the review that you have done? Who is not
listed as an author who has actually contributed?

e AH says well | don’t really want to get into it...

e TLsays that it needs to be clear, | would like to know who are these other voices that are
in your paper that are not acknowledged? Does UNITAID have a say, do they influence
what you write?

e AH answers; yes, UNITAID has a say in the conclusions to the paper.

o TL asks who it is in UNITAID giving you an opinion on your evidence.

e AH says; well it’s just the people there...

e TL asks if UNITAID is a charity.

e AH responds yes.

e TLsays so they have a say in your conclusions?

e AH says Yes.

e TL asks if AH could give her a name of a person in UNITAID so that she can share her
evidence and help them to understand it.

e AH says he'll think about it and will offer TL a name. He then says it’s difficult because he has
this role where he’s supposed to produce this paper and we’re already in a difficult balance
that there are some people who say that we are already overstepping the mark and that this
is too strident because the mechanism of action doesn’t support it, | know | keep on going
back to...

e TLinterjects asking who are these people saying this?

e AHanswers that it’s just feedback he’s getting form all kinds of different scientists... not
just authors.
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e TL responds saying that there are other examples of drugs that we don’t know how they
work but they do work...

e  AH says that the mechanism of action lobby is very strong and its ...

e TLasks; who is this lobby? It can only come from vaccines as it’s only through them that
you have to find the mechanism of action and you have to look at laboratory markers. When
you give paracetamol to somebody and the persons temperature goes down you don’t look
at their blood to see what’s going on and if you don’t find anything happening you don’t say
well the person’s temperature didn’t go down... You can’t look at somebodies blood
markers and say they can’t really have died or not died because we didn’t find evidence of it
in the mechanism of action.

e Ahremarks that by example, there was a hepatitis drug called Phosofodeclasivir (?) earlier
this year and there were 3 randomised studies and one non, er, partially randomised study
that showed an apparent survival benefit and there were significantly lower rates of
hospitalisation of people who took the Phosofodeclasivir vs control and the mechanism of
action suggested that drug wouldn’t achieve the concentrations to get antiviral activity,
wouldn’t reach the IC50. So the original metaanalysis was presented and a much larger
definitive study was set up and at the time, the metaanalysis said we’ve seen this effect on
survival, on hospitalisation, and its too early to tell, we need a larger study, the larger study
was ran and showed that actually a slightly higher death rate among the people who took
phosphodescalsivir vs placebo, in a large placebo controlled trial. And that an example, a
warning from the mechanism of action people of how things can go wrong if you believe
preliminary studies. These were...

e TLsays, OK look I can see we have reached a dead end as you seem to have a whole lot of
excuses to justify bad research practice so.... I'm really really sorry about this Andy,

e AH says; yeah

e TL continues; you’ve been saying quite clearly to me, and in your body language, that
you’re not entirely comfortable with your conclusions and that you’re in a tricky position
because of whatever influence people are having on you including the people who have
paid you and who have written that conclusion for you. So I’'m really sorry cause | was
really really really looking forward to working together with you...

e  AH murmurs; yes

e TL continues ...and showing a united front and showing...look at us scientists coming
together for the truth...

e AH again murmurs; yes

e TL continues; and I’'m afraid...

e AH interjects; you’ve got to understand I’'m in a difficult position I'm trying to steer a
middle ground, its extremely hard...

e TLinterjects; a middle ground ... it’s not a middle ground, what you have done is taken a
position on the other extreme calling for further trials that are going to kill people... This
will come out, and you will be culpable and | don’t understand why you don’t see that
because the evidence it there and you are not just denying it but your work is actually
actively obfuscating the truth... you seem like a nice guy but you’ve kind of been misled
somehow.
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AH responds; well what | hope that this stalemate we’re in doesn’t last very long, a matter
of weeks; | guarantee I'll push for it to last for a short amount of time as possible.

TL asks; so how long do you think the stalemate will go on for?

AH responds; from my side every single trial that comes through were going to be
aggressively adding it on and | think end of Feb well be there. 6 weeks.

TL asks; how many people die every day?

AH; Well there is a whole group of people who think ivermectin is compete rubbish ...

TL; I’'m not talking about them; I’'m saying we know the evidence. How many people die a
day?

AH; Oh sure 15 000 people die ...

TL; ok so its 15 000 times 6 weeks...

AH says; yes, my goal is to get the drug approved and to do everything | can to get it
approve so it reaches...

TL; you’re not doing everything you can, everything you can would involve saying to those
people who are paying you | can see this prevents deaths so I’'m not going to support this
conclusion, anymore, and I’'m going to tell the truth... Any way if you want to come on-
board with the Cochrane review say now otherwise I'll let the others know ...

AH responds; What I’'m prepared to do is give you everything that comes my way that’s
public domain that can help you, I think that in terms of the conclusions maybe its better if
you write the review with your conclusions and | will try to support you best | can with the
data that comes through but for now my responsibility is to get as much support as | can
to get this drug approved as quickly as...

TL; Well you are not going to get it approved the way you’ve written that conclusion...
you’ve actually shot yourself in the foot, and you’ve shot us all in the foot, everybody
trying to do something good you have actually, completely destroyed it.

AH responds that that’s where we have to agree to differ.

TL says; Well | don’t know how you sleep at night, honestly...

AH chuckles and says let’s leave it there and as | said I'll continue to send you everything |
can and let’s hope this drug gets approved as soon as possible.

TL; well it won’t be with your help, that for sure.

Conversation ends
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Abstract

Ivermectin is an antiparasitic drug being investigated for repurposing to SARS-CoV-
2. In-vitro, ivermectin showed limited antiviral activity and a COVID-19 animal model
demonstrated pathological benefits but no effect on viral RNA. This meta-analysis
investigated ivermectin in 18 randomized clinical trials (2282 patients) identified
through systematic searches of PUBMED, EMBASE, MedRxiv and trial registries.
Ivermectin was associated with reduced inflammatory markers (C-Reactive Protein,
d-dimer and ferritin) and faster viral clearance by PCR. Viral clearance was
treatment dose- and duration-dependent. In six randomized trials of moderate or
severe infection, there was a 75% reduction in mortality (Relative Risk=0.25 [95%ClI
0.12-0.52]; p=0.0002); 14/650 (2.1%) deaths on ivermectin; 57/597 (9.5%) deaths in
controls) with favorable clinical recovery and reduced hospitalization. Many studies
included were not peer reviewed and meta-analyses are prone to confounding
issues. Ivermectin should be validated in larger, appropriately controlled randomized

trials before the results are sufficient for review by regulatory authorities.
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Introduction

The pandemic of SARS-CoV-2 continues to grow, with 650,000 new infections and
over 11,000 deaths recorded worldwide daily in January 2021 [1]. Protective
vaccines have been developed, but supplies are too low to cover worldwide demand
[2]. Researchers worldwide are urgently looking for interventions to prevent new

infections, cure those already infected, and lessen disease severity.

Many clinical trials are in progress to ‘re-purpose’ drugs, normally indicated for other
diseases, as antivirals or immunomodulatory interventions. The known safety
profiles, shortened development timelines, and reduced costs of using preexisting
compounds may be particularly advantageous compared to new drug discovery in a
pandemic situation. Three re-purposed anti-inflammatory drugs have shown
significant survival benefits to date: the corticosteroid dexamethasone in the UK
RECOVERY trial [3], and the Interleukin-6 (IL-6) receptor antagonist drugs,
tocilizumab and sarilumab, in the REMAP-CAP trial [4]. Other re-purposed
antimicrobials such as, hydroxychloroquine, lopinavir/ritonavir, remdesivir and
interferon-beta, have shown no significant survival benefit in two large, randomized
trials [3, 5] despite initial reports of efficacy, underscoring the need for caution when

interpreting early clinical trial data.

Dexamethasone has proven survival benefits for oxygen-dependent patients with
COVID-19, while tocilizumab and sarilumab improves survival for patients in
intensive care [3, 4]. However, there are no approved treatments for patients with
mild SARS-CoV-2 infection. Treatments increasing viral clearance rate, may lower

risk of onward transmission but this requires empirical demonstration.

Ivermectin is a well-established anti-parasitic drug used worldwide. Antiviral activity
of ivermectin has been demonstrated for SARS-CoV-2 in Vero/hSLAM cells [IB6].
However, concentrations required to inhibit viral replication in vitro (ECs0=2.8uM;
ECo0=4.4uM) are not achieved systemically after oral administration of the drug to
humans [6, 7]. The drug is estimated to accumulate in lung tissues (2.67 times that
of plasma) [8], but this is also unlikely to be sufficient to maintain target





concentrations for pulmonary antiviral activity [7, 9]. Current data suggest that the
dosages of ivermectin used in human trials are unlikely to provide systemic or
pulmonary concentrations necessary to exert meaningful direct antiviral activity.
Notwithstanding, ivermectin is usually present as a mixture of two agents and
although mainly excreted unchanged in humans, has two major metabolites [10].
Current data are insufficient to determine whether the minor form or a circulating
metabolite has higher direct potency against SARS-CoV-2, but it seems likely that it
would need to be profoundly more potent than the reported values.

Ivermectin has also demonstrated immunomodulatory and anti-inflammatory
mechanisms of action in preclinical models of several other indications. In-vitro
studies have demonstrated that ivermectin suppresses production of the
inflammatory mediators nitric oxide and prostaglandin E2 [11]. Furthermore,
avermectin (from which ivermectin is derived) significantly impairs pro-inflammatory
cytokine secretion (IL-1p and TNF-a) and increases secretion of the
immunoregulatory cytokine IL-10 [12]. Ivermectin also reduced TNF-a, IL-1, and IL-6,
and improved survival in mice given a lethal dose of lipopolysaccharide [13].
Preclinical evidence to support these immunomodulatory and anti-inflammatory
mechanisms of action have also been generated in murine models of atopic
dermatitis and allergic asthma [14, 15]. Finally, in Syrian golden hamsters infected
with SARS-CoV-2, subcutaneous ivermectin demonstrated a reduction in the IL-6/IL-
10 ratio in lung tissues and prevented pathological deterioration [16]. The impact of
ivermectin in this model appeared to be gender specific, appearing more active in
females than in males. Irrespective of gender, no impact of ivermectin on viral titers
in lung or nasal turbinate was observed in this model, supporting a mechanism of

action not relating to direct antiviral activity.

In pharmacokinetic studies, the Area Under the Curve (AUC) and maximum
concentration (Cmax) of ivermectin are generally dose proportional, and
bioavailability of ivermectin increases 2.57-fold in the fed state [8]. Increasing the
frequency or dose of ivermectin does increase the Cmax and AUC of total drug, but
not sufficiently to reach the published ECso against SARS-CoV-2 in monkey
Vero/hSLAM cells [8]. Ivermectin has approximately twice the systemic availability
when given as an oral solution compared to solid forms (tablets or capsules) [10].





At standard doses, of 0.2-0.4mg/kg for 1-2 days, ivermectin has a good safety profile
and has been distributed to billions of patients worldwide in mass drug administration
programs. A recent meta-analysis found no significant difference in adverse events
in those given higher doses of ivermectin, of up to 2mg/kg, and those receiving
longer courses, of up to 4 days, compared to those receiving standard doses [17].

Ivermectin is not licensed for pregnant or breast-feeding women, or children <15kg.

The objective of this systematic review and meta-analysis was to combine available
results from published or unpublished randomized trials of ivermectin in SARS-CoV-

2 infection.





Methods

The systematic review and meta-analysis was conducted according to PRISMA
guidelines. A systematic search of PUBMED and EMBASE was conducted to
identify randomized control trials (RCT) evaluating treatment with ivermectin for
SARS-CoV-2 infected patients. Clinical trials with no control arm, or those
evaluating prevention of infection were excluded alongside non-randomized trials
and case-control studies. Key data extracted included baseline characteristics (age,
sex, weight, oxygen saturation, stage of infection), changes in inflammatory markers,
viral suppression after treatment, clinical recovery, hospitalization and survival. Data

were extracted and cross-checked by two independent reviewers (HW and LE).

Search strategy and selection criteria

RCTs were eligible for inclusion if they compared an ivermectin-based regimen with
a comparator or standard of care (SOC) for the treatment of COVID-

19. Clinicaltrials.gov [18] was searched on 14th December 2020 using key words
COVID, SARS-CoV-2 and ivermectin to identify studies. The WHO International
Clinical Trials Registry Platform (ICTRP) was accessed via the COVID-NMA
Initiative’s mapping tool, updated to 9th December 2020, [19] and Stamford
University’s Coronavirus Antiviral Research Database (CoV-RDB), updated to 15th
December 2020, [20] to identify additional trials listed on other national, and

international registries.

Additionally, literature searches via PubMed, and the preprint server MedRxiv were
conducted to identify published studies not prospectively or retrospectively registered
in a trial registry. Duplicate registrations, non-controlled studies and prevention

studies were excluded following discussion between the authors.

In a third stage of data collection, the research teams conducting unpublished clinical
trials were contacted and requested to join regular international team meetings in
December 2020 and January 2021. All results available from unpublished studies

were also included in this systematic review.

The primary outcome was all-cause mortality from randomization to the end of





follow-up. Changes in inflammatory markers, viral suppression, clinical recovery and
hospitalization were measured in different ways between trials and were summarized

for individual clinical trials where endpoints could not be combined.

Data analysis

Statistical analyses for all-cause mortality were conducted with summary published
data, on the intention-to-treat population, including all randomized patients. Clinical
trials with at least two deaths reported were included in this analysis. Treatment
effects were expressed as risk ratios (RR) for binary outcomes. For each outcome we
pooled the individual trial statistics using the random-effects inverse-variance model;
a continuity correction of 0.5 was applied to treatment arms with no deaths.
Heterogeneity was evaluated by I1°. The significance threshold was set at 5% (two-

sided) and all analyses were conducted using Revman 5.3.

All studies included in this analysis were assessed for risk of bias using the Cochrane
Collaboration risk of bias standardized assessment tool [21] and the outcome of this

assessment is given in supplementary table 1.





Results

In this meta-analysis, 18 RCTs involving a total of 2282 participants were included.
The sample sizes of each trial ranged from 24 to 400 participants. Of the 18 included
studies, five were published papers, six were available as pre-prints, six were
unpublished results shared for this analysis; one reported results via a trial registry

website.

Overall, nine trials investigated ivermectin as a single dose (Table 1A), nine trials
investigated multi-day dosing up to seven days (Table 1B), of which three trials were
dose-ranging. In this meta-analysis, ivermectin was largely investigated in
mild/moderate participants (11 trials). Overall, 12 trials were either single or double-

blinded and six were open-label.

Effects on Inflammatory Markers

Five trials provided results of the effect of ivermectin on inflammatory markers
including C-reactive protein (CRP), ferritin and d-dimer (Table 2). Four of these trials
demonstrated significant reductions in CRP compared to control. Furthermore, in the
Elgazzar trial [22], ivermectin significantly reduced ferritin levels compared to control
in the severe patient population while no significant difference was demonstrated in
the mild/moderate population. The Okumus trial [23] showed significantly greater
reductions in in ferritin on day 10 of follow-up for ivermectin versus control. The
Chaccour [24] and Ahmed [25] trials showed no significant difference in ferritin count
between ivermectin and control. Elgazzar [22] showed significant differences in d-
dimer between ivermectin and control in both the mild/moderate and severe
populations. Okumus [23] showed significant differences in d-dimer on day 5 whilst
Chaccour [24] found no differences between ivermectin and control, but with a

smaller sample size.





Effects on Viral Clearance

Three different endpoints were used to analyze viral clearance: the percentage of
patients undetectable on a set day (Table 3A), the number of days from
randomization to negativity (Table 3B), and other measures such as cycle time (Ct)
values and dose-response correlations (Table 3C). The Kirti [26] and Okumus [23]
trials included viral load analysis only in a subset of patients. The effects of
ivermectin on viral clearance were generally smaller when dosed on only one day.
Several studies showed no statistically significant effect of ivermectin on viral
clearance [27, 28, 29].

The three studies randomizing patients to different doses or durations of ivermectin
showed apparent dose-dependent effects on viral clearance. Firstly, in the Babalola
trial [30], the 0.4mg/kg dose showed trends for faster viral clearance than the
0.2mg/kg dose. Secondly, in the Mohan trial [28], the 0.4 mg/kg dose of ivermectin
led to a numerically higher percentage of patients with viral clearance by day five
than the 0.2mg/kg dose. Thirdly, in the Ahmed trial [25], ivermectin treatment for five
days led to a higher percentage of patients with viral clearance at day 13 compared
with one day of treatment. Finally, in Krolewiecki [31], PK/PD correlations showed

significantly faster viral clearance for patients with PK exposures above 160ng/mL.

The effect of ivermectin on viral clearance was most pronounced in the randomized
trials evaluating doses of up to five days of ivermectin treatment, using doses of
0.4mg/kg (Figure 1). At these doses, there were statistically significant effects on

viral clearance in all four randomized trials.

Effects on Clinical Recovery and Duration of Hospitalization

Definitions of clinical recovery varied across trials, as shown in Table 4. In Table 4A,
four of the six trials showed significantly faster time to clinical recovery on ivermectin
compared to control. In five trials, ivermectin showed significantly shorter duration of

hospitalization compared to control (Table 4B).

Effects on Survival





Six randomized trials reported that at least two people had died post-randomization
and were included in the analysis (Table 5). Across these six trials in 1255 patients,
there were 14/658 (2.1%) deaths in the ivermectin arms, versus 57/597 (9.5%)
deaths in the control arms. In a combined analysis using inverse variance weighting
ivermectin showed a 75% improvement in survival (RR 0.25 [95%CI 0.12-0.52];
p=0.0002, Figure 2). Heterogeneity was moderate, 12 = 34%.

Evaluation of Studies.
Of the 18 trials, 11 were of poor quality and seven of fair or high quality.

[Supplementary table 1]





Discussion

This systematic review of 18 RCTs (n = 2282) showed ivermectin treatment reduces
inflammatory markers, achieves viral clearance more quickly and improves survival
compared with SOC. The effects of ivermectin on viral clearance were stronger for
higher doses and longer durations of treatment. These effects were seen across a
wide range of RCTs conducted in several different countries. However, the data
should be interpreted carefully in the context that meta-analyses are highly prone to
confounding bias, and current viral PCR assays have several important limitations.
Many of the studies assessed have not been peer-reviewed. Larger, appropriately
controlled randomized trials are needed before rigorous evaluation of the clinical

benefits of ivermectin can be undertaken.

The results from this analysis have emerged from the International Ivermectin
Project Team meetings in December 2020 and January 2021. Research teams
conducting the trials across 12 countries shared their data, which was often
unpublished, to accelerate the speed of reporting. Viral clearance was evaluated by
Polymerase Chain Reaction (PCR) assays in all the studies. We have only included
randomized clinical trials in this meta-analysis. The 18 RCTs included were designed

and conducted independently, with results combined in December 2020.

Key limitations to this meta-analysis include the comparability of the data, with
studies differing in dosage, treatment duration, and inclusion criteria. Furthermore,
the SOC used in the background treatment differed between different

trials. Additionally, ivermectin was often given in combination with doxycycline or
other antimicrobials. Individual trials may not have power to detect treatment effects
on rare endpoints such as survival. Outcome measures were not standardized,; viral
clearance was measured in most trials, but at different time points and with different
PCR cycle thresholds. The reliability of PCR tests for quantification purposes has
been the subject of substantive debate. Most studies were conducted in populations
with only mild/moderate infection and some trials excluded patients with multiple co-

morbidities.





For open label studies, there is a risk of bias in the evaluation of subjective endpoints
such as clinical recovery and hospital discharge. However, the risk is lower for
objective endpoints such as viral clearance and survival. We have attempted to
control for publication bias by contacting each research team conducting the trials
directly. This has generated more results than would be apparent from a survey of
published clinical trials only but means that many of the included trials have not been
peer-reviewed. Review and publication of RCTs generally takes three to six months.
It has become common practice for clinical trials of key COVID-19 treatments to be
evaluated from pre-prints, such as for the WHO SOLIDARITY, RECOVERY and
REMAP-CAP trials [3, 4, 5].

These RCTs have been conducted in a wide range of countries, often in low-
resource conditions and overburdened healthcare systems. The evidence from this
first set of studies will require validation in larger RCTs evaluating fixed dosing
schedules, preferably using higher doses for between 3-5 days. Larger RCTs are
currently underway in Mexico, South America and Egypt, with results expected in
February and March 2021.

Despite limitations, this analysis suggests a dose and duration-dependent impact of
ivermectin on rate of viral clearance. These trials evaluated a wide range of
ivermectin dosing, from 0.2mg/kg for 1 day to 0.6mg/kg for 5 days. This wide range
of doses allowed an estimation of dose-dependency on viral clearance but reduces
the number of patients included that were consistently administered the same dose
for the same duration. The maximum effective dose of ivermectin is not yet clear and
new clinical trials are evaluating higher doses, up to 1.2mg/kg for 5 days.

The 75% survival benefit seen in this meta-analysis is based on 71 deaths, in six
different clinical trials. This is a smaller total number of deaths than in either the
RECOVERY or REMAP-CAP trials, which led to the approval of dexamethasone,
tocilizumab and sarilumab. However, the observed survival benefit of 75% is
stronger than for the other re-purposed drugs. Emerging mortality results from larger
studies of ivermectin will require careful evaluation and may change the conclusions

from the current analysis.





Secondary endpoints for some RCTs included biomarkers of disease severity. Some
of these provide evidence for an anti-inflammatory mechanism of action of ivermectin
in SARS-CoV-2 infected patients. Previous meta-analyses have demonstrated that
high levels of CRP, ferritin, d-dimer and lymphocytopenia are related to COVID-19
severity and hyper-inflammation [32, 33]. Studies of IL-6 receptor antagonists have

been shown to reduce CRP and d-dimer levels in patients with COVID-19 [4].

Across three studies, in a cumulative 683 patients, we found a slight increase in
lymphocyte counts [22, 34, 35] following ivermectin administration. CRP, a marker of
infection and inflammation, were reduced following ivermectin administration across
four trials [22, 23, 25, 34]. D-dimer is a fibrin degradation product, often raised in
severe COVID-19 due to thrombus formation. Ferritin can also be raised in severe
COVID-19 due to the cytokine storm, hyperinflammation and secondary
hemophagocytic lymphohistiocytosis. Levels of both d-dimer and ferritin following
one week of ivermectin treatment in severe COVID-19 cases were reduced to levels
less than half of those receiving SOC [22]. These reductions in D-dimer and ferritin
were more significant in patients with severe disease compared to those with
mild/moderate disease at baseline. Furthermore, erythrocyte sedimentation rate and
lactate dehydrogenase, non-specific markers of inflammation and tissue damage,
respectively, were both reduced slightly following ivermectin administration in two
separate studies of patients with COVID-19 [34, 36].

A key component of SARS-CoV-2 pathogenesis is its pro-thrombotic effect, leading
to blood clots in the kidneys, brain and pulmonary emboli in the lungs. By reducing
hyper-inflammation, the risk of clots may be reduced. One histopathology study in
dogs with Dirofilaria immitis (heartworm) showed that ivermectin plus doxycycline
reduced lung tissue perivascular inflammation and endothelial proliferation leading to
fewer arterial lesions and virtually removed the risk of thrombi [37]. However, the

relevance of these findings to SARS-CoV-2 infection are unclear.

Ivermectin may also have a role in short-term prevention of SARS-CoV-2 infection,
suggested by pilot studies [38, 39]. This potential benefit also needs to be validated

in larger randomized trials.





At the time of writing, knowledge gaps prevent a robust conclusion about the
mechanism of action, but current in vitro data do not support a direct antiviral activity
of the drug. Interestingly, ivermectin has been demonstrated to induce autophagy as
part of a proposed mechanism of action in cancer [40, 41] with autophagy providing
an innate defense against virus infection [42]. Furthermore, other viruses such as
cytomegalovirus have mechanisms to activate cyclooxygenase 2 and prostaglandin
E2 promoting the inflammatory response, which supports their replication [43] and it
is also possible that a pro-inflammatory phenotype may aid SARS-CoV-2 replication
[44]. However, immunological mechanisms of action are usually highly complex and
require careful empirical evaluation to understand the plausibility, which is currently

absent for ivermectin use in COVID-19.

Conclusion

This meta-analysis of 18 RCTs in 2282 patients showed a 75% improvement in
survival, faster time to clinical recovery and signs of a dose-dependent effect of viral

clearance for patients given ivermectin versus control treatment.

Despite the encouraging trend this existing data base demonstrates, it is not yet a
sufficiently robust evidence base to justify the use or regulatory approval of
ivermectin. However, the current paucity of high-quality evidence only highlights the
clear need for additional, higher-quality and larger-scale clinical trials, warranted to

investigate the use of ivermectin further.

The maximum effective dose of ivermectin needs to be clarified and new clinical
trials should use a consistent multi-day dosing regime, with at least 0.4mg/kg/day.
The appropriate dose and schedule of ivermectin still requires evaluation and the
current randomized clinical trials of ivermectin need to be continued until ready for

rigorous review by regulatory agencies.
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Table 1: Trial Summaries

Table 1: Trial Summaries

Table 1A: Ivermectin trials with Dosing on day 1 only

Study

Mahmud et a
| [45]

Mohan et al
[28]

Chowdhury
[29]

Rezai et al
[35]

Spoorthi et al
[46]

Raad et al
[47]

Asghar et al
[48]

Podder et al
[27]

SAINT
[24]

Country

Bangladesh

India

Bangladesh

Iran

India
Lebanon
Pakistan
Bangladesh

Spain

Sample Size Daily dose

363

157

116

103

100

100

100

62

24

12 mg

0.2-0.4
mg/kg
(elixir)

0.2 mg/kg

0.2 mg/kg

0.2 mg/kg

0.2 mg/kg

0.2 mg/kg

0.2 mg/kg

0.4 mg/kg

Duration

1 day (DB)

1 day (DB)

1 day (DB)

1 day (DB)

1 day (DB)

1 day (SB)

1 day (OL)

1 day (OL)

1 day (DB)

Patients

Mild/ moderate

Mild / moderate

PCR positive

Moderate / severe

Mild to moderate

Mild

Mild / moderate

Mild

Moderate

Intervention
Arm

lvermectin +
Doxycycline + SOC

Ivermectin + SOC

lvermectin +
Doxycycline

Ivermectin + SOC
lvermectin +
Doxycycline
Ivermectin + SOC
Ivermectin + SOC

Ivermectin + SOC

Ivermectin

Comparator Arm

SOC

Placebo + SOC

HCQ + Azithromycin

SOC
Placebo
SOC
SOC
SOC

Placebo





SOC = Standard of care; OL= open label; SB= single-blind; DB= double-blind

Table 1B: Ivermectin trials with multi-day dosing

Study

Elgazzar et
al
[22]

Niaee et al
[34]

Hashim et al
[36]

Kirti et al [26]

Ahmed et al
[25]

Okomus et al
[23]

Babaloa et a
[30]

Chachar et al
[49]

Krolewiecki
et al
[31]

Country

Egypt

Iran

Iraq

India
Bangladesh
Turkey
Nigeria
Pakistan

Argentina

400

180

140

112

72

60

60

50

45

Sample Size Daily

dose
0.4 mg/kg

0.2-04
mg/kg

0.2 mg/kg
12 mg
0.2 mg/kg
0.2 mg/kg
0.1-0.2
mg/kg

0.2 mg/kg

0.6 mg/kg

Duration

5 days (OL)

1-3 days (DB)

2-3 days (SB)

2 days (DB)

5 days (DB)

5 days (DB)

2 | week (DB)

2 days (OL)

5 days (OL)

Patients

Mild to severe

Mild / moderate

Symptomatic

Mild / moderate

Mild

Severe

Mild

Mild

Mild to moderate

Intervention
Arm

Ivermectin + SOC

Ivermectin + SOC

Ivermectin +
Doxycycline +
SOC

Ivermectin + SOC

Ivermectin + SOC

Ivermectin + SOC

Ivermectin + SOC

Ivermectin + SOC

Ivermectin + SOC

Comparator Arm

HCQ + SOC

SOC + Placebo
SOC

SOC + Placebo
SOC + Placebo
FAVI/HQ/AZI (SOC)
Placebo + LPV/r
(S00C)

SOC

SOC





SOC = Standard of care





Table 2: Changes in Inflammatory Markers

CRP (mglL) Ferritin (ug/L) D-dimer (mg/L)
Ivermectin Control p value Ivermectin Control p value Ivermectin Control p value

Elgazzar, Egypt (n=200, mild/moderate COVID-19)

Baseline 484 50.6 168 172 4.8 5.4

Day 7 4.8 8.3 p<0.001 95 98 n.s 0.5 0.7 p<0.001
Elgazzar, Egypt (n=200, severe COVID-19)

Baseline 64.8 68.2 420 334 8.2 8.6

Day 7 28.6 58.6 p<0.001 104 294 p<0.001 0.7 1.9 p<0.001
Okomus, Turkey (n=60)

Baseline 340.3 215.0 683 747 1.3 1.3

Day 5 51.8 194.3 p<0.01 875 1028 n.s 5.9 3.6 n.s

Day 10 36.1 924 p<0.05 495 1207 p<0.01 0.7 1.5 p<0.05
Chaccour, Spain (n=24)*

Baseline 3.5 3.0 165 156 0.3 0.3

Day 7 1.0 1.1 n.s 125 199 n.s 0.3 0.3 n.s

Day 14 0.8 0.6 n.s 152 145 n.s 0.3 0.3 n.s
Ahmed, Bangladesh (n=45, lvermectin 5 days)

Baseline 22.0 29.0 269 222

Day 7 3.0 14.0 p<0.05+ 211 218 n.s+
Ahmed, Bangladesh (n= 46, Ivermectin 1 day)

Baseline 26.0 29.0 259 222

Day 7 11.0 14.0 n.s+ 213 218 n.s+
Iran Niaee (n=60, lvermectin- 0.2 mg)*

Baseline 200.0 270.0 -

Day 5 85.0 245.0 p<0.001++ -
Iran Niaee (n=60, lvermectin- 0.2, 0.2, 0.2 mg)*

Baseline 390.0 270.0 -

Day 5 200.0 245.0 p<0.001++ -
Iran Niaee (n=60, Ivermectin- 0.4 mg)*

Baseline 250.0 270.0 -

Day 5 80.0 245.0 p<0.001++ -
Iran Niaee (n=60, Ivermectin- 0.4, 0.2, 0.2 mg)*

Baseline 340.0 270.0 -






| Day5 170.0 2450  p<0.001++ - -

*Median presented, all other data mean.

+p value compares within group changes from baseline to end point of ivermectin group. ++p value shows significance of total changes from baseline. All other p values compare ivermectin vs.
control

Normal ranges: CRP(<10mg/L), Ferritin(11-336ug/L) D-dimer(<0.5mg/L).





Table 3: Effects of ivermectin on viral clearance

Table 3A:
Study

Country (n)

Daily dose

Number Detectable or Undetectable (%)

Mahmud et al

Asghar et al

Mohan et al

Mohan et al

Kirti et al

Podder et al

Okomus et al

Bangladesh,
n=363

Pakistan,
n=103

India,
n=157

India,
n=157

India,
n=112

Bangladesh,
n=62

Turkey,
n=60

12 mg

0.2 mg/kg

0.2mg/kg
Elixir
0.4mg/kg
Elixir

12 mg

0.2 mg/kg

0.2 mg/kg

Duration

1 day (DB)

1 day

1 day

1 day

2 days

1 day (OL)

5 days (DB)

Viral load
endpoint

Undetectable
Day 14

Undetectable
Day 7

Undetectable
Day 5

Undetectable
Day 5

Undetectable
Day 6

Day 10 PCR neg

Day 10 PCR
Neg

Result

IVA vs Control

92% vs 80%

90% vs 44%

35% vs 31%

48% vs 31%

24% vs. 32%

90% vs 95%

88% vs 38%

P value





Table 3B: Effects of lIvermectin on Time to Viral Clearance

Study

Country (n)

Time to Viral Clearance (Days)

Chowdhury

Elgazzar et al
Mild/Moderate

Elgazzar et al
Severe

Babaloa et al

*

Babaloa et al

*

Ahmed et al *

Ahmed et al *

Bangladesh,
n=112

Egypt,
n=200

Egypt,
n=200

Nigeria,
n=60

Nigeria,
n=60

Bangladesh, n=72

Bangladesh, n=72

Daily dose

0.2 mg/kg

0.4 mg/kg

0.4 mg/kg

0.1 mg/kg

0.2 mg/kg

0.2 mg/kg

0.2 mg/kg

Duration

1 day (DB)

5 days (OL)

5 days (OL)

2 | week (DB)

2 [ week (DB)

5 days (DB)

1 days (DB)

Viral load
endpoint

Time to PCR neg

Days detectable

Days detectable

Time to PCR neg

Time to PCR neg

Time to PCR neg

Time to PCR neg

Result

IVA vs Control

9 vs 9.3 days

5vs 10 days

6 vs 12 days

6 vs 9 days

4.7 vs. 9 days

10 vs 13 days

11.5vs. 13 days

P value

p < 0.001

p <0.001

p = 0.003





Table 3C: Effect of ivermectin on other measures of viral clearance.

Study Country (n)

Other Measures of Viral clearance

Raad et al Lebanon,
n=100

Krolewiecki et  Argentina,
al* n=45
*Dose-response effect seen

Daily dose

0.2 mg/kg

0.6 mg/kg

Duration

1 day

5 days

Viral load
endpoint

Day 3

PK/PD

Result
IVA vs Control

Ct values
30.1 +6.22
vs. 18.96 + 3.26

Dose-related

P value

p=0.01

p =0.02





Table 4: Effects on of ivermectin on clinical recovery and hospitalization

Table 4A: Time to clinical recovery

Study Country Daily dose Duration Endpoint Results P value
IVS vs control

Time to clinical recovery

Mohan et al India 0.2 mg/kg 1 day (SB) Time to clinical 4.8 vs 4.6 days p=n.s
n=157 Elixir recovery

Mohan et al India 0.4 mg/kg 1 day (SB) Time to clinical 4.3 vs 4.6 days p=n.s
n=157 Elixir recovery

Hashim et al Iraq 0.2 mg/kg 2-3 days (SB) Time to clinical 10.6 vs 17.9 days p <0.001
n=140 recovery

Chowdhury et al Bangladesh 0.2 mg/kg 1 day (DB) Time to clinical 5.9 vs 6.9 days p=0.071
n=116 recovery

Podder et al Bangladesh 0.2 mg/kg 1 day (OL) Time to clinical 5.3 vs 6.3 days p=n.s.
n=62 recovery

Rezai et al Iran 0.2 mg/kg 1 days (OL) Time to clinical 4.1 vs 5.2 days p =0.018
n=103 recovery

Spoorthi et al India 0.2 mg/kg 1 day (SB) Time to clinical 3.7 vs 4.7 days p=0.03
n=100 recovery





Table 4B: Effect of lIvermectin on duration of hospitalization

Study

Country

Duration of hospitalization

Rezai et al

Raad et al

Spoorthi et al

Niaee et al

Elgazzar et al
Mild/moderate

Elgazzar et al
Severe

Iran
n=103

Lebanon
n=100

India
n=100
Iran

n=165

Egypt
n=200

Egypt
n=200

Daily dose

0.2 mg/kg
0.2 mg/kg

0.2 mg/kg

0.2 - 0.4 mg/kg
0.4 mg/kg

0.4 mg/kg

Duration

1 days (OL)

1 day (OL)

1 day (SB)

1-3 days (DB)

5 days (OL)

5 days (OL)

Endpoint

Days in hospital
Hospitalization

Time in hospital

Days in hospital
Days in hospital

Days in hospital

Results

IVS vs control

6.9 vs 8.4 days

0% vs 6%

6.7 vs 7.9 days

6.5 vs 7.5 days

5vs 15 days

6 vs 18 days

P value

p=0.01

p = 0.00

p=0.01

p = 0.006

p <0.001

p < 0.001





Table 4C: Number of Participants with clinical recovery by Day 7 to 10 post-randomization

Study Country Daily dose

Number of Participants Recovered (%)

Chachar et al Pakistan 0.2 mg/kg
n=50

Okomus et al Turkey 0.2 mg/kg
n=60

Mahmud et al Bangladesh 12 mg
n=400

Duration

2 days (OL)

5 days (DB)

1 day (DB)

Endpoint

Day 7 Clinical
recovery

Day 10 Clinical
improvement

Day 7 Clinical
Recovery

Results
IVS vs control

64% vs 60%

73% vs 53%

61% vs 44%

P value

p=0.10

p <0.03





Table 5: Effects of ivermectin on survival
Trial Country Dosing lvermectin Control

Mahmud et al Bangladesh 0.2 mg/kg, 1 day 0/183 3/180

Niaee et al Iran 0.2 mg/kg 1-3 days 4/120 11/60

Hashim et al Iraq 0.2-0.4 mg/kg 2-3 days 2/70 6/70
Elgazzar et al Egypt 0.4 mg/kg 5 days 2/200 24/200

Okomus et al Turkey 0.2 mg/kg, 5 days 6/30 9/30

Kirti et al India 12 mg, 5 days 0/55 4/57

Total

14/658 (2.1%)

57/597 (9.5%)
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Figure 1: Effects of ivermectin on time to viral clearance





Control
Events Total Events Total

Risk Ratio

Weight 1V, Random, 95% CI

Risk Ratio
IV, Random, 95% CI

Ivermectin

Study or Subgroup

Bangladesh Mahmud et al 0 183
Egypt Elgazzar et al 2 200
India Kirti et al 0 55
Iran Niaee et al 4 120
Irag Hashim et al 2 70
Turkey Okumus et al 6 30
Total (95% Cl) 658

Total events 14

3
24
4
11
6
9

57

180
200
57
60
70
30

597

5.7%
18.0%
5.9%
24.6%
15.9%
29.8%

100.0%

Heterogeneity: Tau® = 0.28; Chi* = 7.54,df = 5 (P = 0.18); I° = 34%

Test for overall effect: Z = 3.67 (P = 0.0002)

Figure 2: Forest plot of survival.
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Supplementary table 1. Assessment of Risk of Bias

Graded low, high or unclear risk of bias on the bases of the prespecified criteria set out in the Cochrane Risk of Bias Tool

Study Random Blinding of Blinding of Overall Quality
Sequence Allocation Participants and Outcome Incomplete Selective of Evidence
Generation Concealment Personnel Assessment Outcome Data Reporting
Mahmud et a Low Low Low Low High Limited
I [R2] (21% of patients

randomized not included
in the analysis)

Mohan et al ~Low Low Limited
[R14] (Unblinded but objective
outcome measure (PCR
and viral load)

Chowdhury High Low Low Limited
[R15] (Odd/Even
randomization

based on

registration

numbers)
Rezai et al Low Low Low Low Low Fair
[R13]
Spoorthi et Limited
al
[R10]
Raad et al Low Low Limited
[R11]
Asghar et al Low High Low Limited

(5% (control) vs 18%
(ivermectin) attrition rate
between arms)

Podder et al High High High Limited
[RG] (Odd/Even (Open Label + primary (Open Label +
randomization endpoint symptoms primary endpoint





SAINT
[R9]

Elgazzar et
al
[R1]

Niaee et al
[R3]

Hashim et al
[R4]

Ahmed et al
[RY]

Okomus et
al
[R16]

Babaloa et a
[R17]

Chachar et
al
[R7]

based on
registration
numbers)

Low

Low

High

(Randomization
based on date of

enrollment)

Low

resolution (subjective
element))

Low Low

Low
(Unblinded but primary
endpoint based on PCR
and laboratory markers)

Low Low
(Unblinded - but objective
outcome measures used

(lab markers)

High High
(Randomization (Unblinded and outcome
based on date of dependent on reporting of

enrollment) symptoms)
Low
Low

Objective measures
(Lab/PCR/FiO2/Mortality)

Low

Low High
Open Label + primary
endpoint symptoms
resolution (subjective
element)

symptoms
resolution
(subjective
element))

Low

High
(Investigators
interpreting and
collating results
were unblinded)

High
(Unblinded -
outcome
dependent on
subjective
judgement of
disease
progression)

Low

Low

High
Open Label +
primary endpoint
symptoms
resolution
(subjective
element)

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Good

Limited

Fair

Limited

Fair

Limited

Fair

Limited





Krolewiecki
et al
[R8]

Kirti et al
[R18]

Low

(Low Risk Bias -
Objective measures
(Lab/PCR/FiO2/Mortality))

Low Low Low Low Low

Low

Limited

Good
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FORENSIC CONSIITING

Author: Professional Details

Lynden Alexander is a forensic communication consultant practising from 7 Bell Yard,
London WC2A 2JR.

He has 24 years of professional experience, providing advice and professional
development services to corporate clients and independent expert witnesses. His
expertise is focussed on assisting experts and professional witnesses in communicating
technical expertise in a clear, concise and reliable manner, suitable for the UK's
(predominantly) non-specialist judiciary.

For over 20 years, an important focus of his expertise has been the assessment of expert
and professional evidence. The medico-legal domain of litigation has been a particular
area of interest, leading to the publication of a co-authored professional guide (with the
barrister Giles Eyre) on the writing of medical evidence in the UK civil courts. The first
edition of Writing Medico-Legal Reports in Civil Claims was published in 2011, with an
expanded second edition in 2015.

Since March 2020, he has committed himself to a research project focussed on the
medical response to the COVID-19 pandemic and specifically the co-ordination of the
global medical response by the World Health Organization, its partners and funders.

He maintains a wide professional network of scientific, professional and technical
experts, both in the UK and internationally.
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121

1.2.2

1.2.3

124

1.2.5

FORENSIC CONSIITING

Instructions

Instructions Received from Bon Sens

| was first instructed on 15 March 2021 by Bon Sens, a civic group based in France, to
provide a forensic communication assessment of the preprint paper ‘Preliminary
meta-analysis of randomized trials of ivermectin to treat SARS-CoV-2 infection’, by
Dr Andrew Hill and the ‘International Ivermectin Project Team’, pre-published on
Research Square on 19 January 2021 (1). (“Preprint Paper”)

| received an additional oral instruction on 22 September 2021 to address in a
Supplementary Report the subsequent published paper (later withdrawn) ‘Meta-
analysis of randomized trials of ivermectin to treat SARS-CoV-2 infection’ by Dr
Andrew Hill et al published in Open Forum Infectious Diseases on 6 July 2021. (2)
(“Published Paper”)

Specifically, | was asked to provide an assessment of what, if any, additional
conclusions concerning Dr Hill's Preprint Paper ‘Preliminary meta-analysis of
randomized trials of ivermectin to treat SARS-CoV-2 infection’ could be drawn in the
light of Dr Hill’s Published Paper.

Supplementary Report

This Supplementary Report is an advisory report (as defined by the UK Civil Justice
Council) and provides advice for the use of Bon Sens in its activities in relation to
public health policy in France.

This Supplementary Report and my original Forensic Communication Assessment
dated 19 March 2021 on which it is based are confidential and may only be
reproduced with the prior written permission of the author.

The author and Professional Solutions (Forensic Consulting) Limited accept no
liability whatsoever for the use of these reports by any person, organisation or party
other than Bon Sens and its legal team.

The Forensic Communication Assessment of Dr Hill’s work issued on 19 March 2021
and this Supplementary Report have been produced with reasonable skill and care
and are based on the identified materials available to the author at the relevant
dates.

As such, the conclusions are subject to revision should further relevant information
become available at a later stage.
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FORENSIC CONSIITING

Approach to the Forensic Communication Assessment

Dr Hill’s Published Paper

In this Supplementary Report, the Published Paper (later withdrawn) from Dr Hill and
his co-authors, ‘Meta-analysis of randomized trials of ivermectin to treat SARS-CoV-2
infection’ published in Open Forum Infectious Diseases on 6 July 2021 will be used as
a basis for a comparison with Dr Hill’s Preprint Paper.

For this work, | will compare the two papers to identify any differences that do not
arise “naturally” from the expanded meta-analysis in the Published Paper, which
includes additional studies on the use of ivermectin up to the new search date of 12
May 2021.

Identification of Issues

My explanations of the differences between the Preprint Paper and the Published
Paper rely upon my making reasonable assumptions and deductions based on my
analysis of the text and where possible cross-checking these against the evidence
available from other sources.

Therefore, my explanations for the factual matters arising in this Supplementary
Report should be treated with some caution and would be best used to assess the
weight to be given to other available evidence and to provide a basis for further
investigations into the production of Dr Hill’s Preprint Paper. My explanations should
not be taken as a definitive account of how the Preprint Paper came to be in its
present form, as | do not have the evidence that | would require to achieve that level
of certainty.

In the event that more documentation becomes available to me, | will review all such
documentation and reserve the right to revise my conclusions. Of particular
importance is an earlier version of Dr Hill’s Preprint paper, at the point when it was
first provided to the project sponsor Unitaid, probably in early January 2021.

| have not contacted Dr Hill in respect of the content of this Supplementary Report,
as communication with him broke down in mid-March 2021, with his failure to
respond to any of my questions regarding his Preprint Paper.

My original email correspondence with Dr Hill is included in Appendix 1 and my

guestions on his Preprint Paper, which were sent to Dr Hill on 18 March 2021 (“My
Questions”), are included in Appendix 2.
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My Comparison of Dr Hill’s Papers

Overview of the Published Paper

In this section, | will summarise the key findings of the Forensic Communication
Assessment | carried out in March 2021 and will then explore how these issues have
(or have not) been carried forward into the Published Paper.

A basic textual analysis of the Preprint and Published Papers indicated that these
papers were written by an educated native English speaker, who has a good
command of English grammar and punctuation and the fundamental disciplines of
scientific writing. | assume that this was the work of Dr Hill or one of the native
English-speaking assistants identified in these papers, or a combination of Dr Hill and
an assistant.

In the UK, it is common practice for senior academic scientists and professionals in
private practice to delegate the initial drafting of scientific papers to experienced
junior colleagues or assistants. The “lead” scientist or professional then brings the
paper into its final form, by making any necessary amendments, once the initial draft
of the paper has been completed.

It would, therefore, be unsurprising to find that someone on the team other than Dr
Hill was responsible for the initial drafting the text.

Authors of the Paper

The authors of the Preprint Paper were identified as ‘Andrew Hill on behalf of the
International Ivermectin Project Team’. The ‘International lvermectin Project Team’
seems to have been made up of Dr Hill himself in the final position as the responsible
author, members of his research team (two of whom are identified in the main text
as being the ‘independent reviewers’!) and the names of what appear to be 32
physicians or clinical scientists, who are the authors of the underlying clinical trials
on the use of ivermectin to treat COVID-19 patients. These clinical trials form the
basis of the meta-analyses presented in the Preprint and Published Papers.

It was unclear what role, if any, these co-authors had in the production of the
Preprint Paper. No information was included to indicate whether these co-authors
agreed the content of the Preprint Paper prior to its issue and it was also unclear the
extent to which these co-authors were able to influence the content of the Preprint
Paper.

In the Published Paper, reference to the ‘International Ivermectin Project Team’ has
been removed and with it all the physicians or clinical scientists who carried out the
underlying clinical trials, which were the basis of the full meta-analysis.

! Preprint Paper Page 7 — first paragraph
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3.2.4 ltis likely that Dr Hill and the remaining 9 co-authors of the Published Paper were
the team responsible for the meta-analysis in the Preprint paper. The 32 co-authors
were involved in the preliminary meta-analysis, but in apparently disposable
supporting roles.

3.2.5 The role of the now removed co-authors of the ‘International Ivermectin Project
Team’ in the production of the Preprint Paper was raised with Dr Hill in My
Questions nos 6 & 7.

3.3  Funding for the Published Papers

3.3.1 Inthe Preprint Paper, Unitaid is identified as the funding source for the meta-
analysis.? In the Acknowledgements of the Published Paper, the funding source is
identified as the Rainwater Foundation.

3.3.2 Although Unitaid funded Dr Hill’s work on repurposed drugs from early in the
pandemic3, Unitaid has been excluded as a funding source in the Published Paper.
Therefore, the published statement is not a true reflection of the role of Unitaid in
funding the majority of the project and does not meet the descriptive statement on
the role of funders indicated in the PRISMA Checklist.

3.3.3 Therefore, the funding statement in the Published Paper does not reflect the actual
funding arrangements for this project. The majority of the project was conducted
under a funding arrangement with Unitaid, probably as part of Unitaid’s wider
funding arrangement with the University of Liverpool.* >

3.3.4 Owing to the importance of systematic reviews and meta-analyses in clinical decision
making, there is clear guidance on the content of these papers. The PRISMA
Checklist is a useful tool for authors of systematic reviews and meta-analyses to
check that they have carried out the project appropriately and to the appropriate
standard.

3.3.5 DrHill’s Preprint and Published Papers refer to either the ‘PRISMA guidelines’® or the
‘PRISMA checklist’’, or both. The Preprint Paper did not include any details of how
the PRISMA guidelines were used in the production of the paper.

3.3.6 The Published Paper includes the PRISMA Checklist (as Supplementary Table 1) but
truncated at item 14, rather than including the full 27 items. The full PRISMA
Checklist from 20098 is included in Appendix 3.

2 Preprint Paper Page 2
3 As described in his presentation during the International Ivermectin Group webinar, on 19 Jan 2021
4 Both Unitaid’s and the University of Liverpool’s logos were included on Dr Hill’s PowerPoint
presentation used in the Ivermectin Interest Group webinar, as well as the ‘ACT accelerator’ logo
®> The details of Dr Hill’s or the University of Liverpool’s funding arrangement with Unitaid are not in
the public domain.
6 Preprint Paper Page 7 — paragraph 1
7 Published Paper Page — paragraph 4
8 A revised PRISMA Checklist dated 2020 was available but was not used for the Published Paper and
presumably not used for the Preprint Paper (although this is not addressed in the text).
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3.3.7 There appears to be no reason why items 15-27 of the PRISMA Checklist would be

excluded from the Published Paper’s Supplementary Table 1. The possible
explanations for this are a simple production error by the authors of the Published
Paper, or a drafting decision that the entire PRISMA Checklist was in some way not
relevant (although this drafting decision would need to be explained), or it was an
attempt to avoid highlighting the need for a statement to describe the role of
funders of the project.

3.3.8 A screenshot of PRISMA Checklist ltem no.27 is included below:

FUNDING
Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the
systematic review.
3.3.9 Theissue of Unitaid’s role as a funder of the project was included in My Question no.

34

34.1

3.4.2

3.4.3

8.

Stated Objective of the Published Paper

In the Published Paper, the stated ‘objective’ is to ‘combine available results from
published and unpublished randomized trials of ivermectin in SARS-CoV-2 infection,
to inform current guidelines.” ° This singular objective deals with the project work
that Dr Hill is qualified to carry out, based on his experience and expertise working as
an infectious disease specialist.

| would expect that this research ‘objective’ would lead logically to conclusions on
the results of the meta-analysis in respect of the efficacy of early treatment and
hospitalized treatment with ivermectin, as well as the essential question of the
safety of the drug in the treatment of hospitalised COVID-19 patients.

Dr Hill does not identify these as specific research questions that the paper will
address, as would normally have been indicated by item 4 in the PRISMA Checklist
below:

| | T S sy emiagey <y memiiimeis o eim s ogrmimeias imeimme

INTRODUCTION

Rationale

w

Describe the rationale for the review in the context of what is already known.

344

Objectives

I

Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons,
outcomes, and study design (PICOS).

Additional information about the objective of the Published Paper is provided in the
Search Strategy and Selection Criteria section, which states the ‘primary outcome
was all-cause mortality from randomization to the end of follow-up’, with a brief
discussion of an expanded list of secondary outcome measures. These include: time
to viral clearance; PCR negativity at day 7; clinical recovery; time to clinical recovery;

mechanical ventilation; duration of hospitalization; and number of hospitalisations.
10

® Published Paper Page 4 - para 2
10 published Paper Page 5 - para 4
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The expanded list of secondary outcomes reflects the more extensive sub-group
analyses carried out in the Published Paper.

“Shadow Author” Interference in the Preprint Paper

In my Forensic Communication Assessment of the Preprint Paper, issued on 19
March 2021, | found multiple instances of interference (additional text added to the
paper) from what | termed a “Shadow Author”.

| subsequently concluded that this interference may have been the work of more
than one individual, as there appeared to be both interference in the text and
interference in the technical assessment of the studies used in the meta-analysis and
that these instances of interference were not consistent. (See for example, Preprint
Paper ‘Evaluation of Studies’'! where the text added into the section and the non-
standard methodology introduced into Supplementary Table 1 did not align in terms
of terminology and counts.)

In addition, there was text written by a native English speaker that was dissonant
with the structure and content of the paper, which could possibly have been added
by an additional “Shadow Author” or were an attempt by a legitimate author to
respond to an outside influence or instruction regarding the required content of the
Preprint Paper.

| concluded that one common feature of these interventions was that they occurred
after the initial drafting of the Preprint Paper. This conclusion was based on the
nature of the added content, its positioning within the structure of the Preprint
Paper, and the added content reflected a poor understanding of fundamental
scientific writing disciplines.

| also concluded that these changes were introduced without Dr Hill and his core
team having the opportunity to review them in a formal “edit and sign off”
procedure, as no credible science professional would have allowed such text into a
formal preprint of a meta-analysis to be published under his name.

| raised the issue of the “Shadow Author” in My Questions nos 3, 4 and 5 (second
part). However, given the lack of response from Dr Hill, these conclusions remained
provisional, pending further investigation.

“Shadow Author” Interference in the Published Paper

In the Published Paper, Dr Hill and his co-authors omit 7 instances of text that | had
previously identified as “Shadow Author” interference, they also revise the

“shopping list” of criticisms of the meta-analysis (included in the Limitations section
of the Preprint Paper) and the methodology related to the Risk of Bias assessments.

11 preprint Paper Page 11- final paragraph
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These omissions and revisions are presented in Appendix 4. | provide brief
explanations of these changes below:

“Shadow Author” — Grammatical Failings

In the example below, the chaotic “run on” structure of this sentence does not
appear elsewhere in the initial drafting of the Preprint Paper. The “Shadow Author”
also has an issue with the use of the definite article in noun phrases and with
subject-verb agreement.

For the purposes of illustration, | have presented the corrected text in bold italicised
text, within square brackets, though | have not sought to amend the phrase
structure of the sentence:

‘[The] Limitations of [the] current analysis is [are] important [,] as it is being [was]
performed with secondary data from a wide variety of different trials in many
different parts of the world with designs that were not originally meant to be
compatible. Further refined analysis, including direct data examination are [is]
warranted.’ *?

‘Further evaluation [of the included studies] with access to [the] original data
from the trials is warranted],] to increase [the] quality of [the] evidence.” 13

| addressed questions about the contributions of a “Shadow Author” in My
Questions nos 3 & 4.

“Shadow Author” - Technical Failings

In the Preprint Paper, aside from the structural, grammatical and stylistic failings of
the interference in the text by the “Shadow Author”, there were also obvious
technical failings.

The Cochrane Risk of Bias Tool does not include any methodology for assessing the
quality of the studies and their impact on the meta-analysis. This would require both
a GRADE assessment and detailed sub-group analyses. This work was not presented
in the Preprint Paper. Nevertheless, the text provided an assessment of the quality
the underlying studies:

‘Of the 18 trials [included in the meta-analysis], 11 were of poor quality and seven
of fair or high quality.” **

The counts and terminology in this sentence did not match the content of the right-
hand column in the Preprint Paper’s Supplementary Table 1. The alteration to the
Cochrane Risk of Bias Tool reflected a non-standard methodology, which was not
explained or justified by the authors of the Preprint Paper.

The addition of the right-hand column into Supplementary Table 1 allowed an attack
on the quality of the underlying randomised controlled trials, but without carrying

12 preprint Paper Page 6 - final two sentences of the Introduction section.
13 preprint Paper Page 11 — final paragraph
14 As above

9

© Professional Solutions (Forensic Consulting) Limited - 29 September 2021





3.6.10

3.6.11

3.6.12

3.6.13

3.6.14

3.6.15

3.6.16

,E;—_;, PROFESSIONAL
SOLUTIONS

FORENSIC CONSIITING

out the necessary professional work to ensure that this attack was supported by
evidence.

In the Published Paper, the non-standard methodology has been removed and a
standard Risk of Bias assessment appears to have been carried out. None of the
language used in the right-hand column in the Preprint Paper’s Supplementary Table
1is included in the Published Paper’s Supplementary Table 3A.

| addressed the misuse of the Cochrane Risk of Bias Tool in My Questions nos 11 &
12.

“Shadow Author” — Unsupported Criticisms
In the Preprint Paper, the authors set out the findings of the meta-analysis in the
first paragraph of the Discussion section:

‘This systematic review of 18 RCTs (n = 2282) showed ivermectin treatment
reduces inflammatory markers, achieves viral clearance more quickly and
improves survival compared with SOC. The effects of ivermectin on viral clearance
were stronger for higher doses and longer durations of treatment. These effects
were seen across a wide range of RCTs conducted in several different countries.’

These important findings, where no other early or hospitalised treatment for COVID-
19 had shown such a significant effect on survival, were immediately qualified in the
same paragraph by the following criticisms:

‘However, the data should be interpreted carefully in the context that meta-
analyses are highly prone to confounding bias, and current viral PCR assays have
several important limitations. Many of the studies assessed have not been peer-
reviewed.’ * (Emphasis Added)

This was then followed, still in the same paragraph, by the opinion:

‘Larger, appropriately controlled randomized trials are needed before [a]
rigorous evaluation of the clinical benefits of ivermectin can be
undertaken.’ 16

In 25 years of practice, | have never seen the authors of a study combine a summary
of their findings, with a series of criticisms of the underlying data, and an admission
that the entire study was not rigorous, and to do so in the first paragraph of a
Discussion section.

This highly unusual drafting strategy was amplified by the nature of 2 of the 3
criticisms that proceeded the opinion (emboldened in the quotation above). Both
criticisms would pose fundamental questions about the WHQO's ‘Living Guidelines’
approach for clinical trial evidence (which uses meta-analyses as the basic tool of
assessment for the efficacy and safety of medications) and the WHQO's assessment

15 preprint Paper Page 11 - first paragraph
16 As above
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criteria for the use of therapeutic agents in the treatment of COVID-19 (which uses
PCR testing to confirm viral clearance).

In the Published Paper, the second half of this first paragraph of the Discussion
section (containing the criticisms and the opinion) is omitted. There are no criticisms
of the meta-analysis included until the appropriate section heading ‘Limitations’,
which is placed after the Discussion section.

Limitations of the Meta-Analysis

In the Preprint Paper, the Dr Hill and the co-authors presented the limitations of the
meta-analysis as a list of issues, unsupported by factual or expertise-based analysis:

Limitations

‘Key limitations to this meta-analysis include the comparability of the data, with
studies differing in dosage, treatment duration, and inclusion criteria.
Furthermore, the SOC used in the background treatment differed between
different trials. Additionally, ivermectin was often given in combination with
doxycycline or other antimicrobials. Individual trials may not have power to detect
treatment effects on rare endpoints such as survival. Outcome measures were not
standardized; viral clearance was measured in most trials, but at different time
points and with different PCR cycle thresholds. The reliability of PCR tests for
quantification purposes has been the subject of substantive debate. Most studies
were conducted in populations with only mild/moderate infection and some trials
excluded patients with multiple co-morbidities.” ”

In the Published Paper, these limitations are still included, but the discussion has
more balance, as an assessment of the significance of these limitations is now
provided to add clinical context:

‘A key limitation to this meta-analysis is the comparability of the data, with studies
differing in dosage, treatment duration, and inclusion criteria. Furthermore, the
standard of care used in the control arm differed between trials. In this meta-
analysis, trials that used active controls such as hydroxychloroquine or
lopinavir/ritonavir were combined together with those that used placebo or
standard care. However, lopinavir/ritonavir and hydroxychloroquine have shown
no overall benefit or harm in large randomized trials and meta-analyses. [7, 59-61]
Furthermore, additional analyses in this paper separating trials by subgroups of
standard care/ placebo and active control showed no significant difference
between groups.” (Emphasis Added)

Conclusions Section

In the Preprint Paper, the first paragraph of the Conclusions section presented the
findings of the preliminary meta-analysis of 18 randomised controlled trials. These
findings showed a 75% improvement in survival, faster time to clinical recovery, and
signs of a dose-dependent effect on viral clearance for patients given ivermectin over
control.

17 preprint Paper Page 12 — last paragraph
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Efficacy and Safety of Ivermectin

The findings on efficacy would have created an immediate problem for the “Shadow
Author”, whose role it was to transform the conclusions of the Preprint Paper to
justify a WHO recommendation against the use of ivermectin in the treatment of
COVID-19 patients, outside of clinical trials.

The possible mechanisms for the interference in the text include direct action by a
“Shadow Author” without the knowledge of Dr Hill and the co-authors, co-operation
between one of the authors and a “Shadow Author”, or direct pressure on Dr Hill
and the co-authors to make changes to the Preprint Paper themselves.

As there were no evidential reasons for failing to address the risk/benefit assessment
that would have been intrinsic to an emergency use authorisation for ivermectin, it
seems probable that the Conclusions section was substantially altered to exclude this
fundamental issue.

The conclusions of the Preprint Paper did not deal with the essential question of the
safety of ivermectin in the treatment of COVID-19 patients. This would have been a
standard assessment to be included in a meta-analysis for a repurposed drug, as
recording adverse events or other signals on safety would have been fundamental to
the design of the clinical trials included in the meta-analysis.

Therefore, the conclusion that a “Shadow Author” was empowered to add text to
the Preprint Paper (by whatever means or method), for the purpose of undermining
a positive evidence-based conclusion on the efficacy and safety of ivermectin, seems
the most likely explanation for the interference in the Preprint Paper.

Similarly, the removal of text could also have been used to create a false basis for
recommending against the use of ivermectin, through the removal of information
supportive of its use. This would also seem to be an obvious strategy for a“Shadow
Author” to adopt, as there would be no obvious trace of the deleted text remaining
in the Preprint Paper.

The absence of a conclusion on safety meant that there could be no conclusion on
the essential risk/benefit assessment for the treatment of hospitalised patients with
ivermectin.

Addressing the risks and benefits of the use of ivermectin would, in turn, have been
essential to support any recommendation for an emergency use authorisation to be
considered by national regulators®8.

18 The WHO has no legal power to authorise or approve any drug, but during the COVID-19 pandemic
national regulators in the G7 nations (and beyond) have rapidly aligned with WHO guidance.
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“Parachuted” Conclusion on Regulatory Approval

The second paragraph of the Conclusions section rules out ‘the use or regulatory
approval’ of ivermectin, as the evidence base was insufficiently ‘robust’. This
conclusion was unsupported by a GRADE assessment of the underlying clinical trials
or by detailed sub-group analyses to establish the contribution of studies at a higher
risk of bias to the overall synthesis of clinical trial results, for both primary and
secondary endpoints.

The compound conclusion against ‘the use or regulatory approval’ of ivermectin
defied the clinical evidence presented in the Preprint Paper:

‘Despite the encouraging trend this existing data base demonstrates, it is not yet a
sufficiently robust evidence base to justify the use or regulatory approval of
ivermectin...’ (Emphasis Added)

The second sentence in the second paragraph of the Conclusions section then
‘stacks’ a series of contentions, one upon another, using a cascade of adjectives and
adverbs (unquantified descriptive language, rarely used in scientific writing).

‘However, the current paucity of high-quality evidence only highlights the clear
need for additional, higher-quality and larger-scale clinical trials, warranted to
investigate the use of ivermectin further.” (Emphases added)

This was an attempt to hammer home (using the same drafting approach seen in the
first paragraph of the Discussion section) a conclusion that was unsupported by any
assessment of the quality of the evidence in the meta-analysis:

In essence, the objection to the use of ivermectin in the treatment of COVID-19
patients was not based on the results of the preliminary meta-analysis, but rather on
the WHOQ'’s stated preference (and by extension, Unitaid’s which it hosts) for
institution-led large-scale clinical trials. The inherent delays and mass avoidable
mortality resulting from such a policy does not seem to impinge on the WHO’s policy
preferences.

By failing to address the question of the risk/benefit assessment that underlies an
emergency use authorisation, Dr Hill and the co-authors (or “Shadow Author”)
avoided having to provide any professional rationale for the stated compound
conclusion that rejected the use of ivermectin to treat COVID-19 patients on
regulatory grounds.

Further Clinical Trials
The final paragraph of the Conclusions section sought to set an agenda for the
concluded need for further clinical trials:

‘The maximum effective dose of ivermectin needs to be clarified and new clinical
trials should use a consistent multi-day dosing regime, with at least 0.4mg/kg/day.
The appropriate dose and schedule of ivermectin still requires evaluation and the
current randomized clinical trials of ivermectin need to be continued until ready
for rigorous review by regulatory agencies.” (Emphasis Added)
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This conclusion did not arise from a stated objective of the meta-analysis and was
simply “parachuted” into the Preprint Paper to bolster an unsupported conclusion
for the non-use of ivermectin outside of clinical trials.

The conclusion on the review of regulatory agencies could not have been properly
made by Dr Hill and the co-authors and would not typically be addressed in a meta-
analysis of randomised controlled trials.

There was no evidence that indicated that any of the authors had regulatory
experience. There was no information on the regulatory approval process for
repurposed drugs included in the Preprint Paper or in Dr Hill's subsequent Ivermectin
Interest Group webinar in South Africa, on 19 January 2021.

| addressed questions about the expertise and experience of Dr Hill and the co-
authors in respect of the regulatory requirements of repurposed drugs in the COVID-
19 pandemic in My Questions nos 1 & 2.

In the Preprint Paper, no evidence was presented that contradicted the efficacy of
ivermectin in the treatment of COVID-19 patients and no evidence was presented to
indicate that there was a safety issue with the use of the drug. The quality
assessments were based on a non-standard methodology that was not explained in
the paper.

Therefore, there was no clinical basis for Dr Hill and his co-authors to have concluded
against the use of ivermectin in the treatment of COVID-19 patients, based on the
‘best evidence’ available at the time.

Omission of the Conclusions Section in the Published Paper

In the Published Paper, the entire Conclusions section is omitted. Dr Hill and his co-
authors offer no conclusions on efficacy, on safety, on the risk/benefit assessment of
use, on regulatory approval, or on clinical trial design in future trials.

The closest | can identify as a conclusion to the Published Paper is the final
paragraph of the Limitations section:

‘Several other repurposed medications have shown promise in early smaller trials
for example sofosbuvir/daclatasvir, colchicine and remdesivir but the benefit was
not seen later in larger trials. This meta-analysis of 24 RCTs in 3328 patients
showed a 56% improvement in survival, faster time to clinical recovery and signs
of a dose-dependent effect of viral clearance for patients given ivermectin versus
control treatment. This benefit needs to be validated in larger confirmatory
trials.” (Emphasis Added)

The inclusion of remdesivir as a justification for recommending further clinical trials
in ivermectin is nonesense. The first randomised controlled trial of remdesivir in
China during February and March 2020 was led by (amongst others) Professor Peter
Horby (the Chief Investigator of the RECOVERY trial). The trial was stopped early
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because of a lack of efficacy and remdesivir treatment was stopped because of a lack
of enrollment and adverse events in 12% of patients in the treatment group:

Between Feb 6, 2020, and March 12, 2020, 237 patients were enrolled and
randomly assigned to a treatment group (158 to remdesivir and 79 to
placebo); one patient in the placebo group who withdrew after
randomisation was not included in the ITT population. Remdesivir use was
not associated with a difference in time to clinical improvement (hazard ratio
1-23 [95% CI 0-87—-1-75]). Although not statistically significant, patients
receiving remdesivir had a numerically faster time to clinical improvement
than those receiving placebo among patients with symptom duration of 10
days or less (hazard ratio 1:52 [0-95—2-43]). Adverse events were reported in
102 (66%) of 155 remdesivir recipients versus 50 (64%) of 78 placebo
recipients. Remdesivir was stopped early because of adverse events in 18
(12%) patients versus four (5%) patients who stopped placebo early. (3)

During February to April 2020, there was limited benefit of remdesivir treatment
identified in a clinical trial in the United States, where the findings indicated a
shorter period to clinical recovery, but found no statistically significant decrease in
mortality:

Our data show that remdesivir was superior to placebo in shortening the time to
recovery in adults who were hospitalized with Covid-19 and had evidence of lower
respiratory tract infection. (4)

The WHOQ's large-scale SOLIDARITY trial later found that there was no mortality or
shorter period of recovery from the use of remdesivir in the hospitalised treatment
of COVID-19 patients:

These remdesivir, hydroxychloroquine, lopinavir, and interferon regimens had
little or no effect on hospitalized patients with Covid-19, as indicated by overall
mortality, initiation of ventilation, and duration of hospital stay. (5)

As such, there had never been a strong signal of reduced mortality with remdesivir
treatment in hospitalized COVID-19 patients. The SOLIDARITY trial did not extinguish
a strong signal of clinical benefit, it simply demonstrated that the relatively minor
claims for the efficacy of the drug were not found in the large-scale trial.

Putting aside the continued clinical use of remdesivir in Europe and the United
States, despite its lacklustre clinical trial performance, a rationale that uses the
established lack of efficacy of remdesivir as a justification for refusing to act on the
findings of a substantial mortality benefit from ivermectin was flawed.

There was no basis for comparison between the clinical trial results from these drugs

and no basis to use this comparison as a justification for recommending confirmatory
clinical trials.
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WHO'’s Public Position on lvermectin

3.8.31 In the absence of any conclusions on the risk/benefit analysis (of the use and safety
of ivermectin in the treatment of COVID-19 patients), the WHO leadership team
were able to issue public statements about the quality of the data for ivermectin and
the need for a comprehensive review.

3.8.32 On 5 February 2021, at a WHO Virtual Press Conference in Geneva, Dr Maria Van
Kerkhove, the WHQ's technical lead on COVID-19 gave the following (prepared)
response to a question about the use of ivermectin®®:

“Currently, we [the WHO] haven’t made a recommendation on the use of
ivermectin, but we’re closely following the research that is ongoing related to this
drug, which has shown some promising results in some trials for the treatment of
COVID-19.

We are aware that there is currently data available of about 1500 study patients,
slightly less than that, from 11 studies, and there’s data expected from up to more
than 7000 patients in 56 studies. And these studies are of varying quality.

So, we have a WHO steering committee that is tracking these studies, and closely
looking at them in order to trigger the guidance, and when we have enough
information to look at guidance and updating our guidance to change policy. This
may begin in the coming weeks, so any of the changes that come from WHO
recommended treatments follow an expedited but an incredibly comprehensive
review, which will be shared with the public at the earliest time that we can.” (6)
(Emphasis Added)

3.8.33 The proper interpretation of “an expedited but an incredibly comprehensive review”
will require further investigation to establish, in the context of the blatant
interference in Dr Hill’s Preprint Paper.

3.8.34 It also appears that the interference in the Preprint Paper was executed in a hurry, as
the corruption of the core text was executed in an amateurish manner. The method
and means by which this interference took place remain unclear, pending further
investigation.

19 The complete answer from the WHO team present at the virtual press conference is included in
Appendix 5.
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4.0 Supplementary Conclusions Following a Review of the Published Paper
4.1 My Questions Posed to Dr Hill on 18 March 2021
4.1.1 |setout below a summary table of My Questions (See Appendix 2) sent to Dr Hill by
email on 18 March 2021, during an ongoing email exchange between us:
Question Topic Published Paper
No.
1. Inclusion of regulatory approval as a All content regarding regulatory approval
study objective omitted
2. Regulatory approval expertise and All content regarding regulatory approval
experience of authors omitted
3. Identity of “Shadow Authors” Most content identified as “Shadow
Author” omitted
4. Basis for allowing “Shadow Authors” 32 co-authors removed from author list,
with no new additions to the list
5. Role of Unitaid and “Shadow Authors” | All content related to Unitaid omitted.
in drafting the Preprint Paper
6. Consultation with co-authors in the Ivermectin Project Team (32 co-authors)
Ivermectin Project Team on new text removed from author list
7. Conflict of Interest Statements from co- | No information provided
authors and “Shadow Authors”
8. PRISMA declaration regarding role of All references to Unitaid omitted
the sponsor Unitaid
9. Revision of the paper after submission | All references to Unitaid omitted
to Unitaid
10. Concurrent award of USD 40m to All references to Unitaid omitted
University of Liverpool by Unitaid
11. Use of Non-Standard Risk of Bias Standard methodology adopted with sub-
Methodology group analyses
12. Absence of GRADE assessments of the No explanation provided. Criticism of the
clinical trial evidence quality of the trials revised
13. Explanation for conclusion against use / | Conclusion against use omitted / no
failure to address risk/benefit for EUA attempt to address risk/benefit for EUA
14. Ethics of publishing a preprint with Conclusions against use omitted / call for
different conclusions to 1IG webinar larger confirmatory trials maintained
15. Avoidable mortality in COVID-19 from No information provided
the undermining of the meta-analysis
16. Conditional approval of ivermectin in No discussion of the successful use of the
South Africa — support or not? drug in South Africa, India, Bangladesh...
17. Conflict between Preprint paper and Recommendation for more clinical trials
IIG presentation on more clinical trials maintained (and promoted on Twitter)
18. Recommendation for more clinical Recommendation for more clinical trials
trials against placebo despite efficacy maintained (and promoted on Twitter)
19. Reason for undermining the quality of Recommendation for more clinical trials
the evidence contrary to IIG assertions | maintained (and promoted on Twitter)
20. Differences between studies described | Revised discussion of limitations with
as “limitations” supportive reasoning
21. No conclusion on safety from 18 No conclusion on safety from 24 studies
studies and 2282 participants and 3328 participants
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22. Use by UK Therapeutics Committee of No conclusion on safety from 24 studies
Merk & Co press release on safety and 3328 participants

23. View on sole reliance by UK No discussion of other meta-analyses and
Therapeutics Committee on Preprint no conclusions included

4.1.2

4.1.3

4.2

4.2.1

4.2.2

4.2.3

4.2.4

4.2.5

The issues identified by My Questions were omitted from the Published Paper in 9 of
23 instances??; were substantially revised in 5 of 23 instances?!; remained
unaddressed in 6 of 23 instances??; or were maintained unchanged in 3 of 23
instances?3.

14 of 23 of the issues raised in My Questions lead to a substantial revision of the
Published Paper, without stimulating a formal response from Dr Hill.

Communication Issues in the Published Paper

Unitaid as the Major Funder of the Project

The removal of any reference to Unitaid from the Published Paper is an unacceptable
breach of the PRISMA Guidelines and Checklist. Despite Unitaid’s role as the funder
for most of the duration of the project, Dr Hill and the co-authors have sought to
obscure the role of Unitaid in the project.

The PRISMA Guidelines and Checklist include a statement from the authors of the
Preprint Paper about the role of the funders of the research, precisely because meta-
analyses have a profound effect on medical practice and the treatment of patients.

The publication of a truncated PRISMA Checklist in Supplementary Table 1 of the
Published Paper, excludes the item of a descriptive statement about the role of the
funder of the meta-analysis. This only adds to the impression that Dr Hill and the co-
authors were actively seeking to distance their work from Unitaid.

In addition, the failure of Dr Hill to declare in his Conflicts of Interest statement
Unitaid’s announcement on 12 January 2021 of an award of $40 Million in direct
funding for the University of Liverpool’s Centre of Excellence for Long-acting
Therapeutics (CELT) remains open to question.

The CELT project appears to offer opportunities in scientific research in which Dr Hill
would be able to participate. There appears to be no good reason why this award
was not declared in the Published Paper, even if Dr Hill was unaware of the pending
announcement, during the production of the Preprint Paper. (7)

20 Questions 1-6 & 8-10

21 Questions 11-14 & 20

22 Questions 7, 15-16, 21-23
23 Questions 17-19
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“Shadow Authors”

4.2.6 Dr Hill did not add to the authors list to reveal who had added text to the Preprint
Paper. Instead, he removed 32 co-authors from the author list included in the
Preprint Paper. It remains unclear in what way, if any, the 32 co-authors of the
Preprint Paper were able to influence the content of the Preprint Paper or on what
basis these co-authors were subsequently removed from the Published Paper.

4.2.7 Inthe Published Paper, 7 instances of “Shadow Author” interference were omitted.
This included the omission of instances of interference in the Abstract, Introduction,
Discussion, Evaluation of Studies, Limitations and Conclusions sections. (See
Appendix 4)

4.2.8 In addition, the Limitations section was revised, with the inclusion of important
clinical context, and the Risk of Bias methodology was returned to its standard form.
The inclusion of more detailed subgroup analyses also improved the evidence
presented in the Published Paper. (See Appendix 4)

4.3 The Removal of the Conclusions Section in the Published Paper

4.3.1 The conclusions of the preliminary meta-analysis would have been expected to
provide strong support for a recommendation for the use of ivermectin in the
treatment of hospitalised COVID-19 patients. The addition of further studies, which
also produced positive findings for the use of ivermectin, enhanced the preliminary
meta-analysis.

4.3.2 Inthis context, the absence of any conclusions in the Published Paper arising from a
meta-analysis of 24 randomised controlled trials into the use of ivermectin is very
difficult to explain based on the evidence presented in the Preprint Paper.

Safety of lvermectin

4.3.3 Dr Hill and his co-authors maintained their silence on the safety of ivermectin
despite its unparalleled safety record and Dr Hill’s previous statements at the
International Ivermectin Group webinar on 19 January 2021 that he would want his
own brother to take the drug if he were infected with COVID-19.

4.3.4 The unwillingness of Dr Hill and the co-authors to address the issue of the safety of
ivermectin in the treatment of COVID-19 patients, in a meta-analysis of 24 clinical
trials with over 3,000 participants, defies a clinical or scientific explanation.?*

Risk/Benefit Assessment for Emergency Use of Ivermectin

4.3.5 The continuing failure of Dr Hill and his co-authors to offer any conclusions on the
risk/benefit implications of the use of ivermectin defies a clinical or scientific
explanation.

24 This allowed the UK Therapeutics Taskforce to rely on a statement issued by Merck & Co (who
were concurrently promoting two alternative proprietary therapies) questioning the safety of the
use of ivermectin in the treatment of COVID-19 patients. Source: Personal Correspondence
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This was a meta-analysis specifically commissioned to identify repurposed drugs for
the treatment of COVID-19 patients. The efficacy and safety of ivermectin were
essential questions to be addressed in the conclusions of the Published Paper. There
is no question that Dr Hill and the co-authors had access to the data.

The subgroup analyses added to the Published Paper provided essential confirmation
of the efficacy of ivermectin in the treatment of COVID-19 patients across multiple
studies in multiple countries and yet this finding does not apparently warrant any
conclusion on efficacy, on safety, or on the risk/benefit analysis of use or on an
emergency use authorisation®.

Regulatory Requirements for Approval of lvermectin
The conclusions on the evidential requirements for regulatory approval of ivermectin
“parachuted” into the Preprint Paper were omitted in the Published Paper.

In the Preprint Paper, the failure of Dr Hill and his co-authors to carry out GRADE
assessments of each of the studies enabled a “Shadow Author” to fabricate a quality
of evidence assessment attached to the Cochrane Risk of Bias Tool in Supplementary
Table 1, and to use this fabrication to reject the whole body of studies in the meta-
analysis on the basis of the quality of the studies and issues with regulatory approval.

The omission of the conclusions on the quality of the clinical trials in the Published
Paper provides additional evidence that supports my concerns that Dr Hill and the
co-authors lacked expertise in regulatory matters. This also removes an obstacle to
Dr Hill and the co-authors reaching conclusions on the efficacy and safety of
ivermectin in the treatment of COVID-19 patients.

Dr Hill’s Ethical Position After His Ivermectin Interest Group Webinar

On the same day that the Preprint Paper was published on the Research Square
website (19 January 2020), Dr Hill expressed a different set of “personal” conclusions
supporting the use of ivermectin to over 1,000 physicians, who were attending the
Ivermectin Interest Group webinar hosted in South Africa. (8)

The physicians in attendance were treating COVID-19 patients in South Africa and in
countries across the world. Dr Hill’s presentation and answers to questions clearly
influenced the treatment of COVID-19 patients, as shortly thereafter the South
African Health Products Regulatory Authority (SAHPRA) was taken to court by
physicians and civic groups over the legality of ivermectin use in South Africa. (9)

Dr Hill has never explained his conduct in allowing interference in his Preprint Paper,
but the unavoidable conclusion is that Dr Hill did not have the strength of character
or ethical commitment to present conclusions that he believed were correct, based
on the ‘best evidence’ available to him at the time.

25 A Conditional Marketing Authorisation (CMA) in the UK, an Autorisation Temporaires D’Utilisation
(ATU) in France, or an Emergency Use Authorization (EUA) in the United States
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4.3.14 In his Published Paper, Dr Hill refuses to reach any conclusions on over 6 months of

4.4

44.1

4.4.2

4.4.3

4.4.4

research. In a gesture worthy of Pontius Pilate, he simply washes his hands of the
responsibility of presenting evidence-based conclusions.

Potential Motivation of Unitaid in Suppressing Ivermectin Treatment

It is a matter of public record that during January 2021, Unitaid was seeking funding
in the region of $28 Billion for its COVID-19 pandemic response plan. lvermectin, a
cheap, effective and widely available generic drug would have profoundly
undermined its corporate funding goals. (10)

An evidence-based decision that produced a positive risk/benefit assessment for
ivermectin or a recommendation for an emergency use authorisation for the drug
would also have been devastating to the strategic and commercial interests aligned
with the WHQ's global pandemic response plan.

Unitaid and the WHO had a strong motive for ensuring that Dr Hill's meta-analysis
concluded against the use of the drug, with recommendations for a new clinical trial
programme that would inevitably take many months or years to complete and
whose results could be “shaped” by clinical trial design and specification decisions to
achieve a result supportive of the WHO's policy priorities.

A detailed forensic investigation of Dr Hill's communication with Unitaid and WHO
staff and with other institutional scientists aligned with Unitaid’s corporate goals
remains an urgent priority.

Lynden Alexander
Forensic Communication Consultant

Professional Solutions (Forensic Consulting) Ltd
7 Bell Yard
London WC2A 2JR

Company incorporated in England & Wales
Registered Office: 239-241 Kennington Lane, London, SE11 5QU
Company No. 10305239
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Appendix 1: Email Communication with Dr Andrew Hill

A1.1.1 | wrote to Dr Hill during the late afternoon on Friday, 12 February 2021, as follows
(emboldening per original email):

Dear Dr Hill

Thank you for posting online the [pre-print] meta-analysis of the clinical trial
data into the use of Ivermectin in the treatment of COVID-19 patients.

I have 2 questions about your (and your colleagues’) conclusions:

“This meta-analysis of 18 RCTs in 2282 patients showed a 75% improvement in
survival, faster time to clinical recovery and signs of a dose-dependent effect
of viral clearance for patients given ivermectin versus control treatment.
Despite the encouraging trend this existing data base demonstrates, it is not
yet a sufficiently robust evidence base to justify the use or regulatory
approval of ivermectin. However, the current paucity of high-quality evidence
only highlights the clear need for additional, higher-quality and larger-scale
clinical trials, warranted to investigate the use of ivermectin further.”
(Emphases Added)

Given that the effect of ivermectin is so large (75% improvement in survival)
and that the potential side-effects arising from the use of the drug are minimal
(while concurrently taking on board your use of remdesivir as a comparison of
the required sample size in your “interim findings” WHO video and the
relatively small ‘real difference’ arising from its use, along with its recognised
potential for serious side effects to manifest, particularly in respect of kidney
damage), please would you explain:

1. the basis for your recommendation against ‘the use’ of ivermectin?
Specifically, was it your intention with your use of the words ‘it is not yet a
sufficiently robust evidence base to justify the use ... of ivermectin’ to
recommend against even an Emergency Use Authorization for ivermectin?

2. Ifyou did intend, by your use of the phrase ‘to justify the use’, to
(effectively) recommend against the issuance of an EUA for ivermectin,
please would you explain which of the “eligibility criteria” below are in your
opinion not met and why? (Below, | quote by way of example the EUA from
the FDA for remdesivir, issued on 16 April 2020)

Eligibility of the Product for an EUA
= COVID-19 is a serious or life-threatening disease or condition caused by
SARS-CoV-2, as specified in the declaration of emergency.
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= There are no adequate, approved, and available alternatives to the
candidate products for treating this serious or life-threatening disease.

» Based on the scientific evidence available to FDA, it is reasonable to believe
that the known and potential benefits of RDV outweigh the known and
potential risks of the drug for the treatment of suspected or laboratory
confirmed COVID-19 in adults and children hospitalized with severe disease
as defined above.

I am fully onboard, at this stage, with the requirement for further evidence in
respect of a full approval, but your conclusions seem to rule out the issuance of
an EUA for ivermectin. If this was your intention, then your conclusions would
potentially impact the treatment of many thousands of COVID-19 patients with
moderate to severe COVID-19 over the coming months.

I am sure that | do not need to remind you of the great responsibility you hold
in this matter and would welcome a rapid response to my questions.

Kind regards

Lynden Alexander

A1.1.2 Dr Hill replied to my email the next morning on Saturday 13 February 2021:

Dear Lynden,

Thanks for your message. We are working with regulatory authorities on a
combined analysis of available and emerging evidence from randomised clinical
trials of ivermectin. There are several clinical trials with results emerging in the
next 4-6 weeks which will be included in the overall evaluation.

Best Wishes,

Andrew

A1.1.3 I reached out to Dr Hill again on 20 February 2021, to seek clarification of his
expected timeline, as follows:

Dear Andrew

Thanks for your reply — apologies for my late response, the week has been
extremely busy.
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| think NIH has taken a neutral stance on ivermectin since 11 Feb, which is
progress. Is MHRA or EMA looking at this or is this part of the living guidelines
process at WHO? | am not quite sure what the process it on this.

When is the next look at the evidence with regulators happening?

Best wishes

Lynden

A1.1.4 Dr Hill responded on the same day, as follows:

Dear Lynden,

Thanks for your message. | am not sure about the review of the data with
regulatory authorities. We should know more at the end of March, after
several large randomised trials have generated results.

Best Wishes,

Andrew

A1.1.5 On Thursday, 11 March 2021, | wrote to Dr Hill, as follows:
Dear Andrew
| trust you are well.
| have been booked by a South African radio station to do a feature on the
clinical trials, systematic reviews and meta-analyses on the use of ivermectin,
before the ivermectin court case there in the last week of March.
I have found some inconsistencies in the preprint on Research Square, which |
need to address. | would like to do this informally with you, if at all possible, as

the document as presented would not stand up to forensic scrutiny.

My deadline is early next week, so if we could speak soonest, | think that would
be the best approach.

Best wishes

Lynden
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Appendix 2: Formal E-Mail Request for Information to Dr Andrew Hill

A2.1.1 On 18 March 2021, | emailed Dr Hill to request specific information about his
preprint paper:

Dear Dr Andrew Hill

| refer you to my email, dated 11 March 2021, about which | have not yet
received a response.

On 16 March 2021, | was instructed by the French citizens group BonSens.org
to present the results of a forensic assessment of your preprint paper,
‘Preliminary meta-analysis of randomized trials of ivermectin to treat SARS-
CoV-2 infection’ (“the Paper”).

| have now carried out my preliminary assessment of the Paper. Prior to
finalising my assessment report, which has highlighted a number of issues of
concern, | would appreciate your clarification and response to the questions
and comments that | set out below.

Please note, that if | do not hear from you, | will be finalising my report without
the benefit of any input from you. My questions to you are as follows:

1. Please will you explain when the issue of regulatory approval became
an objective in the Paper, such that it needed to be addressed in your
conclusions?

2. Please will you explain your qualifications and relevant experience to
form conclusions on the issue of the regulatory approval of
ivermectin?

My research indicates that you do not appear to have any formal
qualifications or relevant experience in assessing the evidence
necessary for the regulatory approval of ivermectin. | therefore assume,
pending clarification from you, that you are relying on the work of
others to reach conclusions on this issue. Please will you identify the
person or persons upon whom you have relied to make the conclusions
on regulatory approval?

3. Please will you name, with the qualifications and relevant experience,
all of the “shadow authors” who have contributed to the Paper?

My interim findings are that there is a non-native English speaker, who
appears not to be a clinical scientist, who has contributed text to the
Paper on the nature of the evidence base. There are also conclusions in
the Paper that appear to be unsupported by the work included in it.
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4. Why did you allow “shadow authors” to contribute text to the
Paper?

5. Was any of the text from the initial draft of the Paper removed or
significantly altered by the project sponsor Unitaid? Was any text
removed or significantly altered by the “shadow authors” contributing
to the Paper?

If so, please will you make the earlier draft of your paper available, so
that there can be transparency about what are your views and what has
originated from others?

6. Were any of the authors in the International Ivermectin Project Team
consulted about the conclusions that appear to have been added to
the Paper, after the draft of the Paper was shared with the project
sponsor Unitaid? If not, why not?

Did you give any of these co-authors the opportunity to withdraw their
names from the paper and did any take that opportunity?

7. Please will you provide me with the ‘conflict of interest’ statements
made by yourself as the responsible author and by the co-authors in
the International Ivermectin Project Team? Did you seek conflict of
interest statements from the “shadow authors” assisting you with the
Paper?

Conflict of interest statements are a standard element of scientific
papers but are conspicuously absent from the Paper.

8. Please will you explain the role of the sponsor Unitaid in the drafting
of your paper, as this is required by the PRISMA guidelines that you
say apply to the production of the Paper?

The production of systematic reviews and meta-analyses is at the very
heart of evidence-based medicine. Owing to their fundamental
importance, the rules governing the production of these papers are
detailed and clear.

9. What was the practical process by which the first draft of the Paper
was revised? Were you given the opportunity to see the final version
of the Paper before it was uploaded to the Research Square website?

10. With the upload of the Paper to the Research Square website, on or
around (I assume) 12 January 2021 (please confirm the date of this
upload), in your view, is the concurrent award of $40 million to the
University of Liverpool by Unitaid on 12 January 2021 an issue that
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should have been disclosed under the PRISMA guidelines? and if not,
why not?

| note that the award was in your discipline of infectious disease drug
treatments. Will you be engaged in work in the new laboratories that
are now funded? Was this award ever used as an overt or covert means
to pressure you to alter your honestly held scientific views on the use of
ivermectin in COVID-19?

11. Please can you confirm the methodology for assessing the risk of bias
in the studies in your Supplementary Table 1?

The language used for assessing the risk of bias is ‘Limited’, ‘Fair’ and
‘Good’. | am unfamiliar with how these terms relate to the Cochrane
Collaboration ‘risk of bias standardized assessment tool’.

12. Please will you explain why you did not carry out a GRADE assessment
of your meta-analysis results?

Why do you criticise the evidence base of the meta-analysis without
having graded the evidence?

13. Please will you explain how you reached your conclusions against ‘the
use’ of ivermectin in the treatment of COVID-19 patients? Specifically,
why did you fail to deal with the risk/benefit assessment that is
required in respect of the emergency use of the drug?

Please explain which of the following criteria are not met by the
synthesis of the clinical trial evidence in your meta-analysis (based here
on FDA emergency use approval criteria):

1. COVID-19 is a serious or life-threatening disease or condition
caused by SARS-CoV-2, as specified in the declaration of
emergency; and/or

2. There are no adequate, approved, and available alternatives to the
candidate product for treating this serious or life-threatening
disease; and/or

3. Based on the scientific evidence available to the FDA, it is
reasonable to believe that the known and potential benefits of
ivermectin outweigh the known and potential risks of the drug for
the treatment of suspected or laboratory confirmed COVID-19 in
adults and children hospitalized with severe disease as defined
above.
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14. How is it ethical for you to present one set of conclusions in the Paper,
while presenting different conclusions to an audience of treating
physicians in South Africa? Surely, both cannot ethically co-exist when
you are the responsible author of the Paper?

On 19 January 2021, the same day that the Paper became available on
the Research Square website, you presented a webinar for the
Ivermectin Interest Group (“1lG”) in South Africa.

During that presentation and the question-and-answer session that
followed, you presented information and expressed “personal” views
that were contrary to the conclusions of the Paper. This webinar was
apparently attended by almost 1,000 physicians worldwide, with an
interest in the use of the drug to treat COVID-19 patients.

Please explain this apparent conflict in the conclusions of the Paper
versus your “personal” views expressed at the webinar.

15. In your estimation, how many lives have been avoidably lost by the
delay in authorising the use of lvermectin worldwide, since your
interim provisional findings video released by WHO/Unitaid in late
December 2020?

Has there been any indication in the emerging clinical trial data since 19
January 2021 to the present time that has indicated that your interim
preliminary findings at the end of December 2020 would need to be
significantly altered?

16. Several countries around the world have now authorised the rollout of
Ivermectin as a treatment for COVID-19, the latest being South Africa
on 17 March 2021. This is against the conclusions of the Paper but is
aligned with your “personal” views expressed at the IIG webinar. Do
you support SAHPRA's decision to authorise the use of ivermectin? or
do you consider that evidence base is still not robust enough to allow
for the emergency use of the drug?

17. What is your view on the conduct of further clinical trials in
hospitalised patients?

Your public statements and written conclusions in the Paper are once
again in conflict. You described the ethical position for further clinical
trials in hospitalised patients as “very difficult” at the 1IG webinar and
yet recommended the continuation of trials in hospitalised patients and
also advised on the design of new trials into the use of the drug.

How could any further clinical trials be run in hospitalised patients,
when there is clear evidence of a statistically significant increase in the
survival of patients treated with ivermectin?
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18. Why are you recommending clinical trials using a standard care
placebo group simply to assess the best dose and regimen for
ivermectin? Surely, the intelligent recommendation would be to select
a commonly used regimen as the standard of care against which other
regimens can then be tested?

Given the amount of clinical data we have on the progression of this
disease in hundreds of thousands of COVID-19 patients, on what basis
do you believe that we need to conduct more clinical trials? Couldn’t
virtual SOC placebo groups be created by medical statisticians instead,
thereby avoiding the risk of avoidable death in the placebo groups of
the further clinical trials that you envisage?

19. Why does the Paper continually seek to undermine the robustness of
the evidence base, when on two occasions during your 11G webinar
(when you were addressing the quality of the evidence) you
emphasised to the audience that you were adopting only the “Gold
Standard” of clinical evidence?

Why does your paper not detail your “personal” views about the
objective nature of the endpoints that you have selected for analysis in
the Paper? Additionally, why is the primary endpoint of survival placed
at the end of your Results section, below the secondary subjective
endpoints of clinical recovery and length of hospitalisation? Why do you
focus the results section on the secondary endpoints of ivermectin’s
effect on inflammatory biomarkers and on viral clearance?

20. Why do you include the varying clinical trial designs, measurement
criteria and SOC as ‘limitations’ of your meta-analysis, when in fact
the varying nature of the included randomised placebo controlled
trials into the use of ivermectin demonstrates consistent benefits in
respect of the primary and secondary endpoints?

21. Why does the Paper not conclude on the safety of lvermectin during
its use in the 18 randomised controlled trials that are included in your
meta-analysis?

Merck & Co have recently issued a statement questioning the efficacy
and safety of ivermectin in the treatment of COVID-19. Have you found
any evidence or reports of adverse events arising from the use of
ivermectin during your extensive contacts with clinical trial
investigators across the world?

22. What is your response to the UK Therapeutic Taskforce’s use of the
Merck & Co statement as the basis for its assessment of the safety of
the use of ivermectin in the treatment of COVID-19 patients?
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23. What is your “personal” view of the exclusion by the UK Therapeutics
Taskforce of other (peer reviewed) systematic reviews and meta-
analyses of the use of ivermectin in COVID-19 from its decision-
making processes?

Given the importance of the Paper to the medical community, treating
physicians, and to patients currently suffering with COVID-19 all around the
world, | look forward to your early response to these fundamental questions. If
you require any clarification of these questions, | am very happy to assist you.

| also ask you to consider the immediate withdrawal of the Paper, while these
essential questions are addressed, so that reliable scientific evidence can be
the focus of national decision making on the use of ivermectin in the treatment
of COVID-19 patients.

Your sincerely
Lynden Alexander

Lynden Alexander
Forensic Communication Consultant
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Appendix 3: PRISMA 2009 Checklist

4% PRISMA 2009 Checklist

Section/topic # Checklist item Sl
on page #

TITLE

Title 1 | Identify the report as a systematic review, meta-analysis, or both.

ABSTRACT

Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of what is already known.

Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons,
outcomes, and study design (PICOS).

METHODS

Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide
registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered,
language, publication status) used as criteria for eligibility, giving rationale.

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify
additional studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be
repeated.

Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable,
included in the meta-analysis).

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes
for obtaining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and
simplifications made.

Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was

studies done at the study or outcome level), and how this information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means).

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of consistency

(eg., 1% for each meta-analysis.

(Cont.)

Page 1 of 2
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@& PRISMA 2009 Checklist

Reported

Section/topic Checklist item on page #
Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective

reporting within studies).
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating

which were pre-specified.
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at

each stage, ideally with a flow diagram.
Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and

provide the citations.
Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).

Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency.

Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15).

Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).

DISCUSSION

Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to
key groups (e.g., healthcare providers, users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of
identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research.

FUNDING

Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the

systematic review.

From: Moher D, Liberati A, Tetzlaff J, Aitman DG, The PRISMA Group (2009). porting Items for ic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): €1000097.
doi:10.1371/journal.pmed 1000097

For more information, visit: www.prisma-statement.org.
Page 2 of 2
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Appendix 4: “Shadow Author” Omissions and Revisions

Omissions
The following text was omitted in the Published Paper:

1. Abstract (Page 3: final paragraph)

Many studies that were included were not yet published or peer- reviewed and meta-analyses are
prone to confounding issues. Furthermore, there was a wide variation in standards of care across
trials, and ivermectin dose and duration of treatment was heterogeneous. Ilvermectin should be
validated in larger, appropriately controlled randomized trials before the results are sufficient for
review by regulatory authorities.

2. Introduction (Page 6: final paragraph, sentences 2 & 3)

Limitations of current analysis is important as it is being performed with secondary data from a wide
variety of different trials in many different parts of the world with designs that were not originally
meant to be compatible. Further refined analysis, including direct data examination, are warranted.

3. Evaluation of Studies (Page 11: final paragraph)

An evaluation of the quality of the studies included in this meta-analysis was conducted according to
the Cochrane Collaboration tool to assess the risk of bias. Of the 18 trials, 11 were of poor quality
and seven of fair or high quality. Further evaluation with access to original data from the trials is
warranted to increase quality of evidence. [Supplementary table 1]

4. Discussion: (Page 12: first paragraph, sentences 4-6)

However, the data should be interpreted carefully in the context that meta-analyses are highly prone
to confounding bias, and current viral PCR assays have several important limitations. Many of the
studies assessed have not been peer-reviewed. Larger, appropriately controlled randomized trials are
needed before rigorous evaluation of the clinical benefits of ivermectin can be undertaken.

5. Limitations: (Page 13: second paragraph, sentence 2)

The evidence from this first set of studies will require validation in larger RCTs evaluating fixed dosing
schedules, preferably using higher doses for between 3-5 days.

6. Conclusions (Page 15: fourth paragraph)

Despite the encouraging trend this existing data base demonstrates, it is not yet a sufficiently robust
evidence base to justify the use or reqgulatory approval of ivermectin. However, the current paucity of
high-quality evidence only highlights the clear need for additional, higher-quality and larger-scale
clinical trials, warranted to investigate the use of ivermectin further.

7. Conclusions (Page 15: final paragraph)

The maximum effective dose of ivermectin needs to be clarified and new clinical trials should use a
consistent multi-day dosing regime, with at least 0.4mg/kg/day. The appropriate dose and schedule
of ivermectin still requires evaluation and the current randomized clinical trials of ivermectin need to
be continued until ready for rigorous review by regulatory agencies.
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Revisions
8. Limitations (Page 12: final paragraph)

Key limitations to this meta-analysis include the comparability of the data, with studies differing in
dosage, treatment duration, and inclusion criteria. Furthermore, the SOC used in the background
treatment differed between different trials. Additionally, ivermectin was often given in combination
with doxycycline or other antimicrobials. Individual trials may not have power to detect treatment
effects on rare endpoints such as survival.

Published Paper (Page 12: paragraphs 1&2)

A key limitation to this meta-analysis is the comparability of the data, with studies differing in
dosage, treatment duration, and inclusion criteria. Furthermore, the standard of care used in the
control arm differed between trials. In this meta-analysis, trials that used active controls such as
hydroxychloroquine or lopinavir/ritonavir were combined together with those that used placebo
or standard care. However, lopinavir/ritonavir and hydroxychloroquine have shown no overall
benefit or harm in large randomized trials and meta-analyses. [7, 59-61] Furthermore, additional
analyses in this paper separating trials by subgroups of standard care/ placebo and active control
showed no significant difference between groups.

Another limitation is that ivermectin was given in combination with doxycycline in three trials.
Individual trials may not have power to detect treatment effects on rare endpoints such as survival.

9. Supplementary Table 1 (Preprint Paper)

Supplementary table 1. Assessment of Risk of Bias
Graded low, high or unclear risk of bias on the bases of the prespecified criteria set out in the Cochrane Risk of Bias Tool

Study Random Blinding of Blinding of Overall Quality

Sequence Allocation Participants and (o] Ir pl Selective of Evidence
Generation Cor | Per | A it OL Data Reporting
Mahmud et a Low ow Low High Limited
1[R2] (21% of patients
randomized not included
in the analysis)
Mohan et al ow Limited
[R14] (Unblinded but objective
outcome measure (PCR
and viral load)
Chowdhury High Low Low Limited
[R1 5] (Odd/Even
randomization
based on
registration
numbers)
Rezai et al ow ow ow Fair
[R13]
Spoorthi et al Limited
[R10]
Raad et al ow Limited
[R11]
Asghar et al Low High Low Limited
(5% (control) vs 18%
(ivermectin) attrition rate
between arms)
Podder et al High High High Limited
[Rﬁ] (Odd/Even (Open Label + primary (Open Label +
randomization endpoint symptoms primary endpoint
based on ion (subjecti
registration element)) resolution
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Published Paper

Supplementary table 3. Assessments of Risk of Bias
Graded low, some concerns, or high risk of bias on the bases of the prespecified criteria set out in the Cochrane Risk of Bias Tool

Supplementary Table 3.a: Summary of risk of bias assessment: Primary outcome

Randomization  Intended interventions Measurement of outcome  Missing data Reported Results Overall
Ahmed Low risk Low risk Low risk Low risk Low risk Low risk
Babalola Low risk Low risk Low risk Low risk Low risk Low risk
Chaccour Low risk Low risk Low risk Low risk Low risk Low risk
Elgazzar Low risk Low risk Low risk Low risk Low risk Low risk
Niaee Low risk Low risk Low risk Low risk Low risk
Lopez-Medina  Low risk Low risk Low risk Low risk Low risk Low risk
Fonseca Low risk Low risk Low risk Low risk Low risk Low risk
Rezai Low risk Low risk Low risk Low risk Low risk
Petkov Low risk Low risk Low risk Low risk Low risk Low risk
Kirti Low risk Low risk Low risk Low risk
Krolewiecki Low risk Low risk Low risk
Mahmud Low risk Low risk Low risk
Mohan Low risk Low risk Low risk
Okumus Low risk Low risk
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Appendix 5: WHO Transcript Virtual Press Conference 5 Feb 2021

00:44:23

FC [Fadela Chaib] Thank you, Dr Ryan. | would like now to invite Isabel Sacco from EFE to ask the
next question. Isabel, can you hear me?

IS [Isabel Sacco] Yes, good afternoon. Thank you very much, Fadela. My question is on [unclear] on
treatment. This [unclear] is being widely used in many available countries as treatment for COVID
patients and in several countries - for example in Latin America - is advised by the health authorities
even if its efficacy is not completely proven, or its safety.

Many many people, plain people [?] are using this [unclear] also as a preventive. | would like to
know what is the position of the WHO on this issue and when do you expect to have results from the
[unclear] involving [unclear] in the Solidarity trial? Thank you.

FC Isabel, the last sentence was not very clear. Is it okay?

IS The question regarding all that | said is | would like to know the position of WHO regarding
Ivermectin [?] and when do you expect to have results from the trial involving this drug in the
Solidarity trial?

FC Thank you, Isabel. Dr Van Kerkhove will take this question.
00:45:58

MK [Dr Maria Van Kerkhove] Yes, | will start and Soumya's going to answer the second part of the
guestion. Currently we haven't made a recommendation on the use of lvermectin but we're closely
following the research that is ongoing related to this drug, which has shown some promising results
in some trials for the treatment of COVID-19.

We're aware that there's currently data available of about 1,500 study patients, just slightly less than
that, from 11 studies and there's data expected from up to more than 7,000 patients in 56 studies
and these studies are of varying quality.

We have a WHO steering committee that is tracking these studies and closely looking at them in
order to trigger the guidance and when we have enough information to look at guidance and
updating our guidance to change policy. This may begin in the coming weeks.

So any of the changes that come from WHO-recommended treatments follow an expedited but an
incredibly complex review which will be shared with the public at the earliest time that we can. Do
you want to cover the second part? Thanks.

00:47:07

SS [Dr Soumya Swaminathan] Thanks, Maria. Just to clarify that Ivermectin was not prioritised for
inclusion in the Solidarity trial. As you know, we have an expert committee that looks at which drugs
should go into the Solidarity trial and we're just in the process of finalising the next set of drugs that
would be tested in the Solidarity trial but Ivermectin is not part of it.
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Just to add to what Maria was saying, we have this process of the living guidelines update which
means that we're tracking all the developments in the treatment of COVID-19 in the different clinical
trials that are going on all over the world and we do living updates of the meta-analysis so as every
trial gets completed it gets added on and it adds to the weight to the evidence and then the
guideline developing group actually looks at the evidence and then makes a recommendation and
then that gets updated on the living guideline platform.

They're now looking at aisle [sic] six inhibitors, they're looking at Heparin-like anti-thrombotic
agents, they're looking at Ivermectin the next couple of weeks and then at a few other drugs. So
we'll keep updating the guideline but it's really based on examining all the evidence from all the
clinical trials.

00:48:26

The problem is there are many small trials which sometimes give you misleading results and people
get either very excited or very depressed about a result which is actually scientifically not valid. So
we have to be very careful when we interpret results from these small trials and we need to really
review the evidence as a whole. Thank you.

MR [Dr Mike Ryan] Again very often in situations like this - and this is where we need all of science to
work together - we often see observations when you'll see it written in the newspapers in vitro you
can demonstrate that a particular drug can kill the virus or inhibit the virus in vitro. That meansin a
test tube or on a dish. That doesn't necessarily mean in a human body and there are all kinds of
issues there.

Also astute clinicians over the years often observe that a drug that's been used in one disease, for
one indication can potentially be used in another and they make observations on that and often
they publish what's called a case study or a clinical series. They publish and say, look, I've observed
this, I've treated a few patients, | think this might work.

00:49:37

That's then often picked up and put into small-scale clinical studies where you do prospective; you
wait to get the patient, you use the drug and you collect your data. The difficulty we have with that
situation is that can often, as Soumya said, lead to conflicting information; many, many small
studies; one says it might work; others say it doesn't.

What you need are large-scale clinical studies that can definitively answer the question. It doesn't
mean the drugs are bad or good. It just means we cannot give a definitive answer on that but it is
important to recognise too that all of these drugs - and you will hear people say, oh, these drugs are
safe or they're well-tolerated. Most drugs are but all drugs have side-effects so therefore it's really
important that we have evidence that shows that the benefit of taking a drug outweighs any risk of
taking that drug. So the widespread use of a drug on the basis of a hunch is not necessarily the best
way forward.

Having said that, it's really important that physicians and doctors and nurses are out there observing

because very often breakthroughs come from unusual observations so we want to see that continue
but we also want to bring all of that data together in a way that it can drive long-term policy.
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Background: Repurposed medicines may have a role against the SARS-CoV-2 virus. The antiparasitic
ivermectin, with antiviral and anti-inflammatory properties, has now been tested in numerous clinical trials.

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

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

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

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

Keywords: ivermectin, prophylaxis, treatment, COVID-19, SARS-CoV-2

INTRODUCTION

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

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

Since the start of the SARS-CoV-2 pandemic, both
observational and randomized studies have evaluated
ivermectin as a treatment for, and as prophylaxis
against, COVID-19 infection. A review by the Front
Line COVID-19 Critical Care Alliance summarized
findings from 27 studies on the effects of ivermectin
for the prevention and treatment of COVID-19 infec-
tion, concluding that ivermectin “demonstrates a
strong signal of therapeutic efficacy” against COVID-
19.° Another recent review found that ivermectin
reduced deaths by 75%.10 Despite these findings, the
National Institutes of Health in the United States
recently stated that “there are insufficient data to rec-
ommend either for or against the use of ivermectin for
the treatment of COVID-19,”1! and the World Health
Organization recommends against its use outside of
clinical trials.!?

American Journal of Therapeutics () 0(0)

Ivermectin has exhibited antiviral activity against a
wide range of RNA and some DNA viruses, for exam-
ple, Zika, dengue, yellow fever, and others.!® Caly
et al* demonstrated specific action against SARS-
CoV-2 in vitro with a suggested host-directed mecha-
nism of action being the blocking of the nuclear import
of viral proteins'#1> that suppress normal immune
responses. However, the necessary cell culture ECs
may not be achievable in vivo.'® Other conjectured
mechanisms include inhibition of SARS-CoV-2 3CLPro
activity'718 (a protease essential for viral replication), a
variety of anti-inflammatory effects,!” and competitive
binding of ivermectin with the viral S protein as shown
in multiple in silico studies.?’ The latter would inhibit
viral binding to ACE-2 receptors suppressing infec-
tion. Hemagglutination via viral binding to sialic acid
receptors on erythrocytes is a recently proposed path-
ologic mechanism?! that would be similarly disrupted.
Both host-directed and virus-directed mechanisms
have thus been proposed, the clinical mechanism
may be multimodal, possibly dependent on disease
stage, and a comprehensive review of mechanisms of
action is warranted.

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

Currently, ivermectin is commercially available and
affordable in many countries globally.® A 2018 appli-
cation for ivermectin use for scabies gives a direct cost
of $2.90 for 100 12-mg tablets.?? A recent estimate from
Bangladesh?® reports a cost of US$0.60—US$1.80 for a
5-day course of ivermectin. For these reasons, the
exploration of ivermectin’s potential effectiveness
against SARS-CoV-2 may be of particular importance
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for settings with limited resources.?* If demonstrated
to be effective as a treatment for COVID-19, the cost-
effectiveness of ivermectin should be considered
against existing treatments and prophylaxes.

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

METHODS

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

Search strategy and selection criteria

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

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

Data analysis

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

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

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

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

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

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

Trial sequential analysis

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

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

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

RESULTS

Search results and risk-of-bias assessment

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

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

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

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

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

Main findings

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

642 records
identified through
database
searching:

Medline 1946 to
April 25 2021 -
156 refs

Embase 1980 to
2021 week 16 -
312 refs

CENTRAL Issue 4
2021 - 73 refs

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

Chinese
databases - 7 refs

583 records after duplicates
remaved

594 records 512 records

excluded

screened

17 full-text articles
excluded, with
reasons

39 refs recorded
as ongoing studies

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

82 full-text articles
assessed for

eligibility

24 studies
included in
quantitative
synthesis
(meta-analysis)

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

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

Bryant et al

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

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

Sweden, and (inpatients) responded within 7 days,

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

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

and the symptomatic at day

University of 4,7,14,21,

Navarra progression, death,
adverse events

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

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

on weight) on
day 1 and day
3

PCR test within 14
days; adverse events

*Also administered doxycycline.
Tmultiarm trial.

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

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

All-cause mortality

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

Trial sequential analysis

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

Illustrative comparative risks* (95% Cl)

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

events and 2/666 (0.3%) in control

(0.44-6.09)

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

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

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

www.americantherapeutics.com

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

Method Measure Model Effect size (95% Cl) Details

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

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

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

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

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

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

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

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

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

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

using IV zeros

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

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

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

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

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

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

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

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

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

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

Sensitivity analyses

Sensitivity analysis excluding the trial of Fonseca** sig-
nificantly reduced heterogeneity in the meta-analysis
and thus the diversity estimate in the TSA using the
DL model. This strengthened the suggestion in the
primary core analysis that the required IS had been
reached (Figure 9). Because the DL estimator could
potentially underestimate the between-trials vari-
ance,*® we performed further sensitivity analyses
using 2 alternative random-effects model approaches.
The results of the primary TSA analysis were robust to
sensitivity analysis using the BT method with the same
parameters, excluding the Fonseca** trial, which was a
cause of substantial heterogeneity (Figure 10). The TSA
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ell

Ivermectin Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Mild to moderate COVID-19
Ahmed 2020 (1) 0 45 0 23 Not estimable
Babalola 2020 (2) 0 42 0 20 Not estimable
Chaccour 2020 (3) 0 12 0 12 Not estimable
Elgazzar 2020 (4) 0 100 4 100 4.3% 0.11[0.01, 2.04]
Hashim 2020 (5) 0 48 0 48 Not estimable
Lopez-Medina 2021 (6) 0 275 1 198 3.6% 0.24 [0.01, 5.87]
Mahmud 2020 (7) 0 183 3 180 4.1% 0.14[0.01, 2.70]
Mohan 2021 (8) 0 100 0 52 Not estimable
Petkov 2021 (9) 0 50 0 50 Not estimable
Ravikirti 2021 (10) 0 55 4 57 4.3% 0.12[0.01, 2.09]
Rezai 2020 (11) 1 35 0 34  37% 2.92[0.12, 69.20]
Subtotal (95% CI) 945 774  20.0% 0.24 [0.06, 0.94] e
Total events 1 12
Heterogeneity: Tau? = 0.00; Chi? = 3.03, df = 4 (P = 0.55); = 0%
Test for overall effect: Z = 2.05 (P = 0.04)
1.1.2 Severe COVID-19
Elgazzar 2020 (12) 2 100 20 100 11.2% 0.10[0.02, 0.42] -
Fonseca 2021 (13) 12 52 25 115 19.5% 1.06 [0.58, 1.94] e
Gonzalez 2021 (14) 5 36 6 37 14.3% 0.86 [0.29, 2.56] -
Hashim 2020 (15) 0 11 6 22 45% 0.15[0.01, 2.40] - = 1
Okumus 2021 (16) 6 36 9 30 16.2% 0.56 [0.22, 1.38] — =
Subtotal (95% CI) 235 304 65.8% 0.51[0.22, 1.14] g
Total events 25 66
Heterogeneity: Tau? = 0.48; Chi? = 10.52, df =4 (P = 0.03); I* = 62%
Test for overall effect: Z = 1.65 (P = 0.10)
1.1.3 Mild, moderate and severe COVID-19
Niaee 2020 (17) 4 120 11 60 14.2% 0.18 [0.06, 0.55] —
Subtotal (95% CI) 120 60 14.2% 0.18 [0.06, 0.55] .
Total events 4 11
Heterogeneity: Not applicable
Test for overall effect: Z = 3.03 (P = 0.002)
Total (95% CI) 1300 1138 100.0% 0.38 [0.19, 0.73] <o
Total events 30 89
Heterogeneity: Tau? = 0.49; Chi2 = 19.78, df = 10 (P = 0.03); I> = 49% 0 02 0? 1 i 1=0 50(;

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

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

Footnotes

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

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

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

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

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

(9) IVM 0.4mg/kg x 3 days

(10) IVM 12 mg x 2 days

(11) IVM 0.2mg/kg single dose

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

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

FIGURE 3. Death due to any cause.
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Ivermectin Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Mild to moderate COVID-19
Ahmed 2020 (1) 0 45 0 23 Not estimable
Babalola 2020 (2) 0 42 0 20 Not estimable
Chaccour 2020 (3) 0 12 0 12 Not estimable
Elgazzar 2020 (4) 0 100 4 100 4.1% 0.11[0.01, 2.04]
Hashim 2020 (5) 0 48 0 48 Not estimable
Lopez-Medina 2021 (6) 0 275 1 198 3.5% 0.24 [0.01, 5.87]
Mahmud 2020 (7) 0 183 3 180 4.0% 0.14 [0.01, 2.70]
Mohan 2021 (8) 0 100 0 52 Not estimable
Petkov 2021 (9) 0 50 0 50 Not estimable
Ravikirti 2021 (10) 0 55 4 57 4.2% 0.12[0.01, 2.09]
Rezai 2020 (11) 1 35 0 34 3.5% 2.92[0.12, 69.20]
Subtotal (95% CI) 945 774  19.4% 0.24 [0.06, 0.94] <
Total events 1 12

Heterogeneity: Tau? = 0.00; Chi? = 3.03, df =4 (P = 0.55); I = 0%
Test for overall effect: Z = 2.05 (P = 0.04)

1.2.2 Severe COVID-19

Elgazzar 2020 (12) 2 100 20 100 13.6% 0.10[0.02, 0.42] —
Gonzalez 2021 (13) 5 36 6 37 19.4% 0.86 [0.29, 2.56] = B
Hashim 2020 (14) 0 11 6 22 4.5% 0.15[0.01, 2.40]

Okumus 2021 (15) 6 36 9 30 23.8% 0.56 [0.22, 1.38] — =T
Subtotal (95% CI) 183 189 61.4% 0.37 [0.14, 0.98] e
Total events 13 41

Heterogeneity: Tau? = 0.51; Chi? = 6.40, df = 3 (P = 0.09); I = 53%
Test for overall effect: Z =2.00 (P = 0.05)

1.2.3 Mild, moderate and severe COVID-19

Niaee 2020 (16) 4 120 11 60 19.3% 0.18 [0.06, 0.55] -
Subtotal (95% CI) 120 60 19.3% 0.18 [0.06, 0.55] ‘
Total events 4 11

Heterogeneity: Not applicable
Test for overall effect: Z = 3.03 (P = 0.002)

Total (95% CI) 1248 1023 100.0% 0.31[0.17, 0.58] <P
Total events 18 64

Heterogeneity: Tau? = 0.20; Chi2 = 11.52, df = 9 (P = 0.24); 12 = 22%
Test for overall effect: Z = 3.71 (P = 0.0002)

Test for subgroup differences: Chi? = 0.88, df = 2 (P = 0.64), I>=0%
Footnotes

(1) IVM 12mg x 5 days (24 pts) or IVM 12 mg + doxy x 5 days (24 pts)
(2) IVM 6mg-12mg every 84 hrs for 2 wks; vs lopinavir/ritonavir

(3) IVM 0.4mg/kg single dose

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

(5) IVM 0.2mg/kg x 2-3 days + Doxy 100 mg BID x 10 days

(6) IVm 0.3mg/kg for 5 days

(7) IVM 6mg once + Doxy 100 mg x 5 days

(8) IVM 12mg or 24 mg single dose

(9) IVM 0.4mg/kg x 3 days
(
(
(
(
(
(
(

0.005 0.1 1 10 200
Favours ivermectin  Favours control

) IVM 0.2mg/kg single dose

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

) IVM single dose 12mg or 18mg depending on weight

) IVM 0.2mg/kg x 2-3 days + Doxy 100 mg BID x 10 days
5) IVM 0.2mg/kg x 5 days (both arms received HCQ, favipiravir, azithromycin)
16) IVM 0.2mg/kg to 400 pgm/kg (1 to 3 doses) vs HCQ

)
)
)
)
)
)
)
)
0) IVM 12 mg x 2 days
1
2
3
4

FIGURE 4. Death due to any cause, excluding an outlier study responsible for the heterogeneity.
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Ivermectin Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight [V, Random, 95% CI IV, Random, 95% CI
1.3.1 Mild to moderate COVID-19
Ahmed 2020 (1) 0 45 0 23 Not estimable
Babalola 2020 (2) 0 42 0 20 Not estimable
Chaccour 2020 (3) 0 12 0 12 Not estimable
Elgazzar 2020 (4) 0 100 4 100 8.3% 0.11[0.01, 2.04] -
Lopez-Medina 2021 (5) 0 275 1 198 7.3% 0.24 [0.01, 5.87] -
Mahmud 2020 (6) 0 183 3 180 8.1% 0.14 [0.01, 2.70] -
Mohan 2021 (7) 0 100 0 52 Not estimable
Petkov 2021 (8) 0 50 0 50 Not estimable
Ravikirti 2021 (9) 0 55 4 57 8.4% 0.12[0.01, 2.09] o
Rezai 2020 (10) 1 35 0 34 7.4% 2.92[0.12, 69.20]
Subtotal (95% Cl) 897 726  39.5% 0.24 [0.06, 0.94] o
Total events 1 12
Heterogeneity: Tau? = 0.00; Chi? = 3.03, df =4 (P = 0.55); I? = 0%
Test for overall effect: Z = 2.05 (P = 0.04)
1.3.2 Severe COVID-19
Elgazzar 2020 (11) 2 100 20 100 171% 0.10[0.02, 0.42] - =
Fonseca 2021 (12) 12 52 25 115 23.6% 1.06 [0.58, 1.94] I
Subtotal (95% CI) 152 215  40.7% 0.36 [0.04, 3.59]
Total events 14 45
Heterogeneity: Tau? = 2.48; Chi? = 8.92, df = 1 (P = 0.003); I> = 89%
Test for overall effect: Z = 0.87 (P = 0.38)
1.3.3 Mild, moderate and severe COVID-19
Niaee 2020 (13) 4 120 11 60 19.8% 0.18 [0.06, 0.55] -
Subtotal (95% CI) 120 60 19.8% 0.18 [0.06, 0.55] .
Total events 4 1
Heterogeneity: Not applicable
Test for overall effect: Z = 3.03 (P = 0.002)
Total (95% Cl) 1169 1001 100.0% 0.28 [0.10, 0.78] R
Total events 19 68
Heterogeneity: Tau? = 1.06; Chiz = 18.18, df = 7 (P = 0.01); I2= 62% =0.002 0f1 : 1=0 500=

Test for overall effect: Z = 2.43 (P = 0.02)
Test for subgroup differences: Chiz = 0.31, df = 2 (P = 0.86), I = 0%
Footnotes
) IVM 12mg x 5 days (24 pts) or IVM 12 mg + doxy x 5 days (24 pts)
2) IVM 6mg-12mg every 84 hrs for 2 wks; vs lopinavir/ritonavir
3) IVM 0.4mg/kg single dose
4) IVM up to 24 mg daily for 4 days vs HCQ
5) IVM 0.3mg/kg solution for 5 days vs placebo solution
6) IVM 6mg once + Doxy 100 mg x 5 days
7) IVM 12mg or 24 mg single dose
8) IVM 0.4mg/kg x 3 days
9) IVM 12 mg x 2 days
10) IVM 0.2mg/kg single dose
11) IVM up to 24 mg daily for 4 days vs HCQ
12) IVM 14 mg x 3 days vs HCQ x 5 days or CQ x 5 days
13

(1
(
(
(
(
(
(
(
(
(
(
(
(13) IVM 0.2mg/kg to 400 pgm/kg (1 to 3 doses) vs HCQ

Favours ivermectin  Favours control

FIGURE 5. Death due to any cause, excluding high risk-of-bias studies.

comprehensively confirms the result of the conven-
tional meta-analysis. The required IS was 1064.

The required IS was not reached in the TSA using
the S] method, largely because diversity from the
model was high (Figure 11). The SJ estimator may
overestimate the between-trials variance in meta-

www.americantherapeutics.com

analyses with mild heterogeneity, thus producing ar-
tificially wide confidence intervals.*> When the diver-
sity estimate was reduced to the same as in the DL
model, the required IS was reached in the S] model
(data not shown). There was no evidence of futility
using the S] method in any scenario.
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Control
Events Total Weight

Ivermectin
Study or Subgroup Events Total

Bryant et al

1.4.1 Mild to moderate COVID-19

Ahmed 2020 (1) 0 45 0 23
Chaccour 2020 (2) 0 12 0 12
Hashim 2020 (3) 0 48 0 48
Lopez-Medina 2021 (4) 0 275 1 198  3.3%
Mahmud 2020 (5) 0 183 3 180 3.9%
Mohan 2021 (6) 0 100 0 52
Petkov 2021 (7) 0 50 0 50
Ravikirti 2021 (8) 0 55 4 57 40%
Rezai 2020 (9) 1 35 0 34 34%
Subtotal (95% CI) 803 654 14.6%

Total events 1 8
Heterogeneity: Tau? = 0.00; Chi? = 2.67, df = 3 (P = 0.44); 1= 0%
Test for overall effect: Z = 1.54 (P = 0.12)

1.4.2 Severe COVID-19

Gonzalez 2021 (10) 5 36 6 37 24.3%
Hashim 2020 (11) 0 11 6 22 43%
Okumus 2021 (12) 6 36 9 30 32.7%
Subtotal (95% CI) 83 89 61.3%
Total events 1 21

Heterogeneity: Tau? = 0.00; Chi? = 1.40, df =2 (P = 0.50); I>= 0%
Test for overall effect: Z = 1.44 (P = 0.15)

1.4.3 Mild, moderate and severe COVID-19

Niaee 2020 (13) 4 120 11 60 24.1%
Subtotal (95% CI) 120 60 24.1%
Total events 4 11

Heterogeneity: Not applicable
Test for overall effect: Z = 3.03 (P = 0.002)

Total (95% ClI) 1006 803 100.0%
Total events 16 40

Heterogeneity: Tau? = 0.06; Chi? = 7.60, df =7 (P = 0.37); 1= 8%

Test for overall effect: Z =2.98 (P = 0.003)

Test for subgroup differences: Chi? = 3.52, df =2 (P = 0.17), I? = 43.2%
Footnotes

(1) IVM 12mg x 5 days (24 pts) or IVM 12 mg + doxy x 5 days (24 pts)
(2) IVM 0.4mg/kg single dose

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

(5) IVM 6mg once + Doxy 100 mg x 5 days

(6) IVM 12mg or 24 mg single dose

(7) IVM 0.4mg/kg x 3 days

(8) IVM 12 mg x 2 days

(9) IVM 0.2mg/kg single dose

(10) IVM single dose 12mg or 18mg depending on weight
(11) IVM 0.2mg/kg x 2-3 days + Doxy 100 mg BID x 10 days
(12
(13

IVM 0.2mg/kg to 400 ugm/kg (1 to 3 doses) vs HCQ

Risk Ratio Risk Ratio
IV, Random, 95% CI IV, Random, 95% CI
Not estimable
Not estimable
Not estimable
0.24 [0.01, 5.87]
0.14 [0.01, 2.70]
Not estimable
Not estimable
0.12 [0.01, 2.09]
2.92[0.12, 69.20]
0.30 [0.07, 1.39] -
0.86 [0.29, 2.56] —
0.15[0.01, 2.40]
0.56 [0.22, 1.38] —&T
0.61 [0.31, 1.20] <
0.18 [0.06, 0.55] ——
0.18 [0.06, 0.55] -
0.41 [0.23, 0.74] -
0.005 01 1 10 200

Favours ivermectin  Favours control

)
) IVM 0.2mg/kg x 5 days (both arms received HCQ, favipiravir, azithromycin)
)

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

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

American Journal of Therapeutics () 0(0)

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.
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FIGURE 7. Funnel plot of ivermectin versus control for COVID-19 treatment for all-cause death (subgrouped by

severity).

Secondary outcomes

Secondary outcomes provided low to very low cer-
tainty evidence (SoF Table 2). Low-certainty findings
suggested that there may be no benefit with ivermec-
tin for “need for mechanical ventilation,” whereas

effect estimates for “improvement” and “deteriora-
tion” favored ivermectin but were graded as low
certainty due to study design limitations and incon-
sistency (Figures 12-14). All other secondary out-
come findings were assessed as very low certainty.
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FIGURE 8. Trial sequential analysis using DL random-effects method with parameter estimates of « = 0.05, g = 0.1,

control rate = 7.8%, RRR = 62%, and diversity = 49.5%.
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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 « = 0.05, 3 = 0.1, control rate = 7.8%, = 62%,
and diversity = 0%.
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FIGURE 10. Sensitivity analysis excluding an outlier study responsible for the heterogeneity, showing trial sequential
analysis using Biggerstaff~-Tweedie random-effects method with parameter estimates of « = 0.05, 3§ = 0.1, control rate
= 7.8%, RRR = 62%, and diversity = 14.2%.
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FIGURE 11. Sensitivity analysis excluding an outlier study responsible for the heterogeneity, showing trial sequential
analysis using Sidik—-Jonkman random-effects method with parameter estimates of a« = 0.05, B = 0.1, control rate =

7.8%, RRR = 62%, and diversity = 71.9%.

Meta-analysis of 11 trials, assessing 1533 participants,
found that there was no significant difference between
ivermectin and control in the risk of severe adverse
events (aRR 1.65, 95% CI 0.44-6.09; 1> = 0%; low cer-
tainty 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 trial'%”
had esophagitis (this is a known side effect of doxycy-
cline, which was coadministered with ivermectin in this
trial); one patient in the study by Krolewiecki et all%
had hyponatremia (this trial used high-dose ivermectin
for 5 days); and 2 patients in a study from Turkey!!®
“delirium-like

aggressive attitude, and altered state of consciousness,”
which the authors attributed to metabolic insufficiencies
in MDR-1/ABCB1 or CYP3A4 genes, screening for
which was a study feature. In the Lopez-Medina
et al®® 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

had serious behavior, agitation,
Ivermectin Control Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Fonseca 2021 (1) 12 52 24 115 69.0% 1.11[0.60, 2.04]

Mohan 2021 (2) 0 100 0 52 Not estimable

Ravikirti 2021 (3) 1 55 5 57 31.0% 0.21[0.03, 1.72]

Total (95% Cl) 207 224 100.0% 0.66 [0.14, 3.00]

Total events 13 29

Heterogeneity: Tau? = 0.77; Chi? = 2.22, df = 1 (P = 0.14); I> = 55%

Test for overall effect: Z = 0.54 (P = 0.59)
Footnotes
(1) IVM 14 mg x 3 days vs HCQ x 5 days or CQ x 5 days

(2) IVm 12mg or 24mg
(3) IVM 12 mg x 2 days; data for "invasive ventilation"

FIGURE 12. Need for mechanical ventilation.
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Control
Total Weight

Ivermectin
Study or Subgroup Events Total Events

Bryant et al

Risk Ratio
IV, Random, 95% CI

Risk Ratio
IV, Random, 95% CI

1.11.1 Mild to moderate COVID-19

Ahmed 2020 (1) 17 22 5 12 4.0%
Ahmed 2020 (2) 14 23 4 1 2.9%
Chachar 2020 (3) 16 25 15 25 8.9%
Elgazzar 2020 (4) 99 100 74 100 29.8%
Lopez-Medina 2021 (5) 232 275 156 198 32.4%
Mahmud 2020 (6) 111 183 80 180 22.0%
Subtotal (95% CI) 628 526 100.0%
Total events 489 334

Heterogeneity: Tau? = 0.02; Chi2 = 13.43, df = 5 (P = 0.02); I> = 63%
Test for overall effect: Z =2.92 (P = 0.004)

1.11.2 Severe COVID-19

Elgazzar 2020 (7) 94 100 50 100 100.0%
Subtotal (95% CI) 100 100 100.0%
Total events 94 50

Heterogeneity: Not applicable
Test for overall effect: Z=6.12 (P < 0.00001)

Footnotes

) IVM 12mg s+ doxy 200mg stat then 100 mg BD x 4 days
IVM 12mg daily x 5 days
IVM 12 mg at 0, 12, and 24 hours

(1
(2
(3
4
(5
(6) IVM 6mg once + Doxy 100 mg x 5 days
(7

)
)
)
) IVM 0.3mg/kg x 5 days
)
)

FIGURE 13. Improvement.

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).

DISCUSSION

The findings indicate with moderate certainty that
ivermectin treatment in COVID-19 provides a signifi-
cant survival benefit. Our certainty of evidence judg-
ment was consolidated by the results of trial sequential
analyses, which show that the required IS has proba-
bly already been met. Low-certainty evidence on
improvement and deterioration also support a likely
clinical benefit of ivermectin. Low-certainty evidence
suggests a significant 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 COVID-19 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.

American Journal of Therapeutics () 0(0)

1.85[0.91, 3.76] .
1.67 [0.72, 3.91]
1.07 [0.69, 1.65]
1.34[1.19, 1.51]
1.07 [0.98, 1.17] -
1.36 [1.12, 1.67]
1.25[1.08, 1.45]

1.88 [1.54, 2.30]
1.88 [1.54, 2.30]

0.2 05 1 2 5
Favours control Favours ivermectin

IVM up to 24 mg daily for 4 days. Control group received hydroxychloroquine

IVM up to 24 mg daily for 4 days. Control group received hydroxychloroquine

The evidence on severe adverse events in this review
was graded as low certainty, partly because there were
too few events to reach statistical significance. 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.”!1¢ A
recent World Health Organization document on iver-
mectin use for scabies found that adverse events with
ivermectin were primarily minor and transient.??

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 non-
randomized trials of ivermectin, which one could
argue could also be considered in an emergency. We
included preprint and unpublished data from com-
pleted but not yet published trials due to the urgency
related to evidence synthesis in the context of a global
pandemic.'’” Although there is the potential for selec-
tive reporting of outcomes and publication bias, we
have factored in these considerations in interpreting
results and forming conclusions. We adhered to PRIS-
MA guidelines and the WHO statement on developing
global norms for sharing data and results during pub-
lic health emergencies.!1”

There are a number of limitations with this review.
Several of the studies contributing data did not
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Ivermectin Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.12.1 Mild to moderate COVID-19
Chaccour 2020 (1) 0 12 0 12 Not estimable
Elgazzar 2020 (2) 1 100 22 100 7.6% 0.05[0.01, 0.33]
Hashim 2020 (3) 0 48 0 48 Not estimable
Lopez-Medina 2021 (4) 5 275 7 198 15.7% 0.51[0.17, 1.60] =
Mahmud 2020 (5) 16 183 32 180 25.5% 0.49[0.28, 0.86] =
Mohan 2021 (6) 5 80 5 45 15.0% 0.56 [0.17, 1.84] D
Subtotal (95% CI) 698 583 63.7% 0.40 [0.19, 0.82] S
Total events 27 66
Heterogeneity: Tau? = 0.24; Chi? = 5.41, df = 3 (P = 0.14); I> = 45%
Test for overall effect: Z =2.50 (P = 0.01)
1.12.2 Severe COVID-19
Elgazzar 2020 (7) 4 100 30 100 17.6% 0.13[0.05, 0.36] T
Gonzalez 2021 (8) 3 36 3 37 11.0% 1.03[0.22, 4.76] =
Hashim 2020 (9) 1 11 74 22 77% 0.29[0.04, 2.04] — =
Subtotal (95% Cl) 147 159  36.3% 0.31 [0.08, 1.15] i
Total events 8 40
Heterogeneity: Tau? = 0.77; Chi? = 4.78, df = 2 (P = 0.09); I> = 58%
Test for overall effect: Z=1.75 (P = 0.08)
Total (95% Cl) 845 742 100.0% 0.35[0.19, 0.65] <@
Total events 35 106
Heterogeneity: Tau? = 0.32; Chiz = 11.75, df = 6 (P = 0.07); 1> = 49% (:)'005 0?1 : 1:0 20(’)

Test for overall effect: Z = 3.29 (P = 0.0010)

Test for subgroup differences: Chiz = 0.10, df = 1 (P = 0.75), I = 0%
Footnotes

1) IVM 0.4mg/kg single dose

IVM 200ugm/kg + Doxy 100 mg BID x 10 days
IVM 0.3mg/kg x 5 days
IVM 6mg once + Doxy 100 mg x 5 days

2)
3)
4)
5)
6) IVM 12mg or 24mg
7)
)
)

8) IVM 12mg or 18mg single dose

(
(
(
(
(
(
(
(
(9) IVM 200pgm/kg + Doxy 100 mg BID x 10 days

FIGURE 14. Deterioration.

provide full descriptions of methods, so assessing risk
of bias was challenging. Where descriptions of study
methods were sparse or unclear, we attempted to con-
tact authors to clarify methods, but lack of information
led us to downgrade findings in several instances.
Overall interpretation of findings 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 lab-
oratory outcome measures, such as viral clearance. The
latter and other biochemical outcomes have been re-
ported in several studies and reviews and tend to
favor ivermectin.1047.105108 Sevyeral trials reported con-
tinuous 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 nar-
rative evidence synthesis, and because these data
tended to favor ivermectin, the certainty of the effects

www.americantherapeutics.com

Favours ivermectin  Favours control

IVM up to 24 mg daily for 4 days. Control group received hydroxychloroquine

IVM up to 24 mg daily for 4 days. Control group received hydroxychloroquine

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 coau-
thored with Nobel Laureate Professor Satoshi Omura,
discoverer of ivermectin,?!0:118119.120 byt only 3 have
been peer-reviewed” 18120 and only 2 attempt full sys-
tematic review.!011® We applied AMSTAR 2,'2! a crit-
ical appraisal tool for systematic reviews of health care
interventions, to the 2 nonpeered systematic
reviews!0119 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.

The recently updated WHO therapeutics guide-
lines!? 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 favor-
ing ivermectin was downgraded by 2 levels for impre-
cision, although the justification for this is unclear as
the reported CI is precise (64%-91%).

In addjition to the evidence from systematic reviews,
the findings of several controlled observational studies
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Table 4. Summary of findings table of ivermectin versus no ivermectin for COVID-19 prophylaxis in healthy population

(people without COVID-19 infection).

lllustrative comparative risks* (95% Cl)

Assumed
risk Corresponding risk
No Relative effect No of participants Quality of the
Outcomes ivermectin lvermectin (95% Cl) (studies) evidence (GRADE)
COVID-19 296 per 245 fewer infections per RR = 0.14 738 (3) Lowt
infection 1000 1000 (234-269) (0.09-0.21)
Admission to Not reported
hospital
Death from any Not reported
cause
Serious No events occurred in 538 participants (2 studies), therefore the effect could not be estimated.
adverse
events

GRADE working group grades of evidence; High quality: Further research is very unlikely to change our confidence in the estimate of

effect; Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may

change the estimate; Low quality: Further research is very likely to have an important impact on our confidence 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% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

tDowngraded —2 for study design limitations.
NNT, number needed to treat.

are consistent with existing evidence and suggest
improved outcomes with ivermectin treatment.>>>7>
Similarly, with respect to ivermectin prophylaxis of
frontline workers and those at risk, controlled obser-
vational 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 infec-
tion rates in the control group exceeded 50%.122123 A
very large trial of ivermectin prophylaxis in health care
workers in India!?* covered 3532 participants and

reported risk ratios not significantly 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-analysis® found
little evidence of increased risk of abnormal pregnan-
cies but similarly weak evidence of absence of risk. For
(pre-exposure) prophylaxis in pregnancy, where vac-
cines may be contraindicated, the alternative of hy-
droxychloroquine has been advocated.!?>12¢ In
addition to safety and relative efficacy, different risk—
benefit judgments may be presented for prophylaxis

Ivermectin Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chahla 2021 (1) 4 117 25 117 18.4% 0.16 [0.06, 0.45] - =
Elgazzar 2020 (2) 2 100 10 100 8.7% 0.20 [0.04, 0.89]
Shouman 2020 (3) 15 203 59 101 73.0% 0.13[0.08, 0.21] —-
Total (95% CI) 420 318 100.0% 0.14 [0.09, 0.21] 2
Total events 21 94

T 2 " 2= = = <12 = 09 t t t t
Heterogeneity: Tau? = 0.00; Chi? = 0.43,df =2 (P =0.81); I?= 0% 0.02 01 1 10 50

Test for overall effect: Z = 8.86 (P < 0.00001)

Footnotes
(1) IVM 12 mg weekly + iota-Carrageenan 6 sprays/day
(2) IVM up to 24mg weekly depending on weight x 2 doses

Favours ivermectin  Favours control

(3) IVM up to 24 mg depending on weight, given in 2 doses 72 hours apart

FIGURE 15. COVID-19 infection (prophylaxis studies).
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Table 5. Methodological quality of other systematic reviews (AMSTAR 2).

A Explain List of Characteristics
Components priori selection of Duplicate Duplicate excluded of included
Systematic of PICO study study Comprehensive study data studies studies
review described  design designs literature search selection extraction justified provided
Hill et al, + - + + ? ? —* 2t
202110
Castafeda- +I ? - # + + —* +
Sabogal
et al
2021119
Risk of bias Appropriate Likelihood
adequately Sources Appropriate risk-of-bias  Risk-of-bias  Satisfactory of Conflict
assessed of methods to  sensitivity = assessment explanation publication of
Systematic and funding combine analyses used in of observed bias interest
review documented reported findings conducted conclusions heterogeneity assessed stated
Hill et al, -% - -8 —* —q —* NA -
202110
Castaneda- —** - -1t —1f —* + NA +
Sabogal
et al
2021119
Assessed using AMSTAR 2'2%; +, adequately assessed; —, inadequately assessed; ?, unclear assessment; NA, not applicable (less than

10 included studies in meta-analysis).

*Not documented or inadequately reported.

tParticipant population, description of comparator interventions, and time frame for follow-up were not described or inadequately

reported.

¥No summary of risk-of-bias assessment was given in the main text in the review, other than stating trials were of poor, fair, or high

quality. There were some further details about bias in the discussion, but these were largely generic and did not follow the recom-
mended Cochrane tool used to assess risk of bias in RCTs.

8A meta-analysis for all-cause death was presented but authors did not specify why meta-analyses were not conducted for other

outcomes, which included at least 2 trials reporting the same comparison and outcome, other than in some parts of the discussion.
For example, if viral clearance was reported in most trials, there would have been scope to have performed subgroup analyses and/or
split the time point for each comparison to account for the varying duration of follow-up across trials. Instead, they gave a vote count-
type narrative of the results, which did not follow synthesis without meta-analysis (SWiM) in systematic review reporting
guidelines.#4

{IThere was some further details about bias in the discussion, but this was largely generic and did not follow the recommended

Cochrane tool used to assess risk of bias in RCTs. Similarly, in terms of certainty/quality of the evidence, the authors used terms in a
summary table that included “good,” “fair,” and “limited,” without offering any explanation or justification.

|[Outcomes were reported but lacked definitions.

#A significant number of pertinent RCTs have not been included in the review. Given the adequate due diligence of review process, the

comprehensive nature of the search strategy is questionable.

**No description of risk-of-bias assessment in any domain apart from missing outcome data but attrition rates not documented to
justify judgment.

TtAuthors did not report data from RCTs that we obtained from various sources and some conclusions were not reflective of the
observed data. It was reported that in an analysis of 4 preprint retrospective studies at high risk of bias, ivermectin was not
associated with reduced mortality (logRR 0.89, 95% Cl 0.09-1.70, P = 0.04). Although the caveat of studies being at high risk of
bias and statistical heterogeneity should be added to any interpretation, it is incorrect to interpret these results as not demonstrating
a potential association based on the observed result. Furthermore, the high risk of bias judgment is not adequately justified.

F+A sensitivity analysis was performed excluding those studies without adjustment for confounding but no details are provided. Given
that there was some evidence of a potential association with ivermectin treatment and survival in 4 retrospective studies (although
downplayed as no association due to concerns about attrition), it is highly implausible that any sensitivity analysis would not
remove any suggestion of association.
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(pre- and post-exposure), and for treatment, with preg-
nancy a high-risk status for COVID-19.

RCTs in this review did not specifically 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 sca-
bies. We identified 2 recent reports suggesting that
ivermectin may be efficacious as prevention and treat-
ment of COVID-19 in this age group.’%!2” A letter on
positive experience in 7 elder care facilities in Virginia
covering 309 patients was sent to NIH!*” 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.'?® Based on observational evidence, the
Peruvian government approved ivermectin for use
against COVID-19 in May 2020.!2% After implementation,
death rates in 8 states were reduced between 64% and
91% over a two-month period.!?® 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.'?* 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, accept-
ability, and feasibility.!3® None of the identified
reviews specifically discussed these criteria in relation
to ivermectin. However, in health care decision mak-
ing, evidence on effectiveness is seldom taken in iso-
lation without considering these factors. Ultimately, if
ivermectin is to be more widespread in its implemen-
tation, then some considerations are needed related to
these decision-making criteria specified in the
GRADE-DECIDE framework.!30

There are numerous emerging ongoing clinical trials
assessing ivermectin for COVID-19. The trade-off with
policy and potential implementation based on evi-
dence synthesis reviews and/or RCTs will vary con-
siderably from country to country. Certain South
American countries, Indian states, and, more recently,
Slovakia and other countries in Europe have imple-
mented its use for COVID-19.129.131,132133,134 A recent
survey of global trends!'® documents usage world-
wide. Despite ivermectin being a low-cost medication
in many countries globally, the apparent shortage of
economic evaluations indicates that economic evi-
dence on ivermectin for treatment and prophylaxis of
SARS-CoV-2 is currently lacking. This may impact
more on LMICs that are potentially waiting for guid-
ance from organizations like the WHO.
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Given the evidence of efficacy, safety, low cost, and
current death rates, ivermectin is likely to have an
impact on health and economic outcomes of the pan-
demic across many countries. Ivermectin is not a new
and experimental drug with an unknown safety profile.
It is a WHO “Essential Medicine” already used in sev-
eral different indications, in colossal cumulative vol-
umes. Corticosteroids have become an accepted
standard of care in COVID-19, based on a single RCT
of dexamethasone.! If a single RCT is sufficient 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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Abstract

Introduction: Ivermectin is a well-established antiparasitic drug licensed since 1981,
more recently approved for its anti-inflammatory effects against rosacea. It is being
investigated for repurposing against SARS-CoV-2. In-vitro, ivermectin showed some
antiviral activity but at higher concentrations than achieved in human plasma after
normal oral dosing. An animal model demonstrated pathological benefits in COVID-
19 but no effect on viral RNA. We aimed to assess the available global data from

randomized controlled trials (RCTs) of ivermectin in COVID-19.

Methods: We conducted a systematic search of PUBMED, EMBASE, MedRxiv and
trial registries. We excluded prevention studies and non-randomized or case-
controlled studies. We identified and included 18 RCTs. Data were combined from

2282 patients into a systematic review and meta-analysis.

Results: Ivermectin was associated with reduced inflammatory markers (C-Reactive
Protein, d-dimer and ferritin) and faster viral clearance by PCR. Viral clearance was
treatment dose- and duration-dependent. Ivermectin showed significantly shorter
duration of hospitalization compared to control. In six RCTs of moderate or severe
infection, there was a 75% reduction in mortality (Relative Risk=0.25 [95%CI 0.12-
0.52]; p=0.0002); 14/650 (2.1%) deaths on ivermectin; 57/597 (9.5%) deaths in
controls) with favorable clinical recovery and reduced hospitalization.

Discussion: Many studies that were included were not yet published or peer-
reviewed and meta-analyses are prone to confounding issues. Furthermore, there
was a wide variation in standards of care across trials, and ivermectin dose and
duration of treatment was heterogeneous. Ivermectin should be validated in larger,
appropriately controlled randomized trials before the results are sufficient for review

by regulatory authorities.

Keywords: SARS-CoV2, COVID-19, Ivermectin, repurposed





Introduction

The pandemic of SARS-CoV-2 continues to grow, with 650,000 new infections and
over 11,000 deaths recorded worldwide daily in January 2021 [1]. Protective

vaccines have been developed, but current supplies are too low to cover worldwide
demand in the coming months [2]. Researchers worldwide are urgently looking for
interventions to prevent new infections, or prevent disease progression, and lessen

disease severity for those already infected.

While research on new therapeutic agents for COVID-19 is key, there is also great
interest on evaluating the potential use against COVID-19 of already existing
medicines, and many clinical trials are in progress to ‘re-purpose’ drugs normally
indicated for other diseases. The known safety profiles, shortened development
timelines, and well-established markets (with low price points and higher capacity to
deliver at scale) for most of already existing compounds proposed for COVID-19 are
particularly advantageous compared to new drug discovery in a pandemic situation.
Three re-purposed anti-inflammatory drugs have shown significant survival benefits
to date: the corticosteroid dexamethasone in the UK RECOVERY trial [3], and the
Interleukin-6 (IL-6) receptor antagonist drugs, tocilizumab and sarilumab, in the
REMAP-CARP trial [4]. Other re-purposed antimicrobials such as,
hydroxychloroquine, lopinavir/ritonavir, remdesivir and interferon-beta, have shown
no significant survival benefit in two large, randomized trials [3, 5] despite initial
reports of efficacy, underscoring the need for caution when interpreting early clinical

trial data.

Dexamethasone is recommended for use by the WHO and has proven survival
benefits for oxygen-dependent patients with COVID-19, while tocilizumab and
sarilumab improves survival for patients in intensive care [3, 4]. However, there are
no approved treatments for patients with mild SARS-CoV-2 infection, either to
prevent disease progression or reduce viral transmission. Treatments increasing
viral clearance rate, may lower risk of onward transmission but this requires

empirical demonstration.





Ivermectin is a well-established anti-parasitic drug used worldwide for a broad
number of parasites and also for topical use against rosacea. Antiviral activity of
ivermectin has been demonstrated for SARS-CoV-2 in Vero/hSLAM cells [IB6].
However, concentrations required to inhibit viral replication in vitro (ECs0=2.8uM;
ECo0=4.4uM) are not achieved systemically after oral administration of the drug to
humans [6, 7]. The drug is estimated to accumulate in lung tissues (2.67 times that
of plasma) [8], but this is also unlikely to be sufficient to maintain target
concentrations for pulmonary antiviral activity [7, 9]. Current data suggest that the
dosages of ivermectin used in human trials are unlikely to provide systemic or
pulmonary concentrations necessary to exert meaningful direct antiviral activity.
Notwithstanding, ivermectin is usually present as a mixture of two agents and
although mainly excreted unchanged in humans, has two major metabolites [10].
Current data are insufficient to determine whether the minor form or a circulating
metabolite has higher direct potency against SARS-CoV-2, but it seems likely that it
would need to be profoundly more potent than the reported values.

Ivermectin has also demonstrated immunomodulatory and anti-inflammatory
mechanisms of action in preclinical models of several other indications. In-vitro
studies have demonstrated that ivermectin suppresses production of the
inflammatory mediators nitric oxide and prostaglandin E2 [11]. Furthermore,
avermectin (from which ivermectin is derived) significantly impairs pro-inflammatory
cytokine secretion (IL-1p and TNF-a) and increases secretion of the
immunoregulatory cytokine IL-10 [12]. Ivermectin also reduced TNF-a, IL-1, and IL-6,
and improved survival in mice given a lethal dose of lipopolysaccharide [13].
Preclinical evidence to support these immunomodulatory and anti-inflammatory
mechanisms of action have also been generated in murine models of atopic
dermatitis and allergic asthma [14, 15]. Finally, in Syrian golden hamsters infected
with SARS-CoV-2, subcutaneous ivermectin demonstrated a reduction in the IL-6/IL-
10 ratio in lung tissues and prevented pathological deterioration [16]. The impact of
ivermectin in this model appeared to be gender specific, appearing more active in
females than in males. Irrespective of gender, no impact of ivermectin on viral titers
in lung or nasal turbinate was observed in this model, supporting a mechanism of

action not relating to direct antiviral activity.





In pharmacokinetic studies, the Area Under the Curve (AUC) and maximum
concentration (Cmax) of ivermectin are generally dose proportional, and
bioavailability of ivermectin increases 2.57-fold in the fed state [8]. Increasing the
frequency or dose of ivermectin does increase the Cmax and AUC of total drug, but
not sufficiently to reach the published ECso against SARS-CoV-2 in monkey
Vero/hSLAM cells [8]. Ivermectin has approximately twice the systemic availability
when given as an oral solution compared to solid forms (tablets or capsules) [10].

At standard doses, of 0.2-0.4mg/kg for 1-2 days, ivermectin has a good safety profile
and has been distributed to billions of patients worldwide in mass drug administration
programs. A recent meta-analysis found no significant difference in adverse events
in those given higher doses of ivermectin, of up to 2mg/kg, and those receiving
longer courses, of up to 4 days, compared to those receiving standard doses [17].

Ivermectin is not licensed for pregnant or breast-feeding women, or children <15kg.

The objective of this systematic review and meta-analysis was to combine available
results from published or unpublished randomized trials of ivermectin in SARS-CoV-
2 infection.Limitations of current analysis is important as it is being performed with
secondary data from a wide variety of different trials in many different parts of the
world with designs that were not originally meant to be compatible. Further refined

analysis, including direct data examination, are warranted.





Methods

The systematic review and meta-analysis was conducted according to PRISMA
guidelines. A systematic search of PUBMED and EMBASE was conducted to
identify randomized control trials (RCT) evaluating treatment with ivermectin for
SARS-CoV-2 infected patients. Clinical trials with no control arm, or those
evaluating prevention of infection were excluded alongside non-randomized trials
and case-control studies. Key data extracted included baseline characteristics (age,
sex, weight, oxygen saturation, stage of infection), changes in inflammatory markers,
viral suppression after treatment, clinical recovery, hospitalization and survival. Data

were extracted and cross-checked by two independent reviewers (HW and LE).

Search strategy and selection criteria

RCTs were eligible for inclusion if they compared an ivermectin-based regimen with
a comparator or standard of care (SOC) for the treatment of COVID-

19. Clinicaltrials.gov [18] was searched on 14th December 2020 using key words
COVID, SARS-CoV-2 and ivermectin to identify studies. The WHO International
Clinical Trials Registry Platform (ICTRP) was accessed via the COVID-NMA
Initiative’s mapping tool, updated to 9th December 2020, [19] and Stamford
University’s Coronavirus Antiviral Research Database (CoV-RDB), updated to 15th
December 2020, [20] to identify additional trials listed on other national, and

international registries.

Additionally, literature searches via PubMed, and the preprint server MedRxiv were
conducted to identify published studies not prospectively or retrospectively registered
in a trial registry. Duplicate registrations, non-controlled studies and prevention

studies were excluded following discussion between the authors.

In a third stage of data collection, the research teams conducting unpublished clinical
trials were contacted and requested to join regular international team meetings in
December 2020 and January 2021. All results available from unpublished studies

were also included in this systematic review.





All of the clinical trials included in this meta-analysis were approved by local ethics

committees and all patients signed informed consent.

The primary outcome was all-cause mortality from randomization to the end of
follow-up. Changes in inflammatory markers, viral suppression, clinical recovery and
hospitalization were measured in different ways between trials and were summarized

for individual clinical trials where endpoints could not be combined.

Data analysis

Statistical analyses for all-cause mortality were conducted with summary published
data, on the intention-to-treat population, including all randomized patients. Clinical
trials with at least two deaths reported were included in this analysis. Treatment
effects were expressed as risk ratios (RR) for binary outcomes. For each outcome
we pooled the individual trial statistics using the random-effects inverse-variance
model; a continuity correction of 0.5 was applied to treatment arms with no deaths.
Heterogeneity was evaluated by I°. The significance threshold was set at 5% (two-

sided) and all analyses were conducted using Revman 5.3.

All studies included in this analysis were assessed for risk of bias using the
Cochrane Collaboration risk of bias standardized assessment tool [21] and the

outcome of this assessment is given in supplementary table 1.





Results

In this meta-analysis, 18 RCTs involving a total of 2282 participants were included.
The sample sizes of each trial ranged from 24 to 400 participants. Of the 18 included
studies, five were published papers, six were available as pre-prints, six were
unpublished results shared for this analysis; one reported results via a trial registry

website.

Overall, nine trials investigated ivermectin as a single dose (Table 1A), nine trials
investigated multi-day dosing up to seven days (Table 1B), of which three trials were
dose-ranging. In this meta-analysis, ivermectin was largely investigated in
mild/moderate participants (11 trials). Overall, 12 trials were either single or double-

blinded and six were open-label.

Effects on Inflammatory Markers

Five trials provided results of the effect of ivermectin on inflammatory markers
including C-reactive protein (CRP), ferritin and d-dimer (Table 2). Four of these trials
demonstrated significant reductions in CRP compared to control. Furthermore, in the
Elgazzar trial [22], ivermectin significantly reduced ferritin levels compared to control
in the severe patient population while no significant difference was demonstrated in
the mild/moderate population. The Okumus trial [23] showed significantly greater
reductions in in ferritin on day 10 of follow-up for ivermectin versus control. The
Chaccour [24] and Ahmed [25] trials showed no significant difference in ferritin count
between ivermectin and control. Elgazzar [22] showed significant differences in d-
dimer between ivermectin and control in both the mild/moderate and severe
populations. Okumus [23] showed significant differences in d-dimer on day 5 whilst
Chaccour [24] found no differences between ivermectin and control, but with a

smaller sample size.





Effects on Viral Clearance

Three different endpoints were used to analyze viral clearance: the percentage of
patients undetectable on a set day (Table 3A), the number of days from
randomization to negativity (Table 3B), and other measures such as cycle time (Ct)
values and dose-response correlations (Table 3C). The Kirti [26] and Okumus [23]
trials included viral load analysis only in a subset of patients. The effects of
ivermectin on viral clearance were generally smaller when dosed on only one day.
Several studies showed no statistically significant effect of ivermectin on viral
clearance [27, 28, 29].

The three studies randomizing patients to different doses or durations of ivermectin
showed apparent dose-dependent effects on viral clearance. Firstly, in the Babalola
trial [30], the 0.4mg/kg dose showed trends for faster viral clearance than the
0.2mg/kg dose. Secondly, in the Mohan trial [28], the 0.4 mg/kg dose of ivermectin
led to a numerically higher percentage of patients with viral clearance by day five
than the 0.2mg/kg dose. Thirdly, in the Ahmed trial [25], ivermectin treatment for five
days led to a higher percentage of patients with viral clearance at day 13 compared
with one day of treatment. Finally, in Krolewiecki [31], PK/PD correlations showed

significantly faster viral clearance for patients with PK exposures above 160ng/mL.

The effect of ivermectin on viral clearance was most pronounced in the randomized
trials evaluating doses of up to five days of ivermectin treatment, using doses of
0.4mg/kg (Figure 1). At these doses, there were statistically significant effects on

viral clearance in all four randomized trials.

Effects on Clinical Recovery and Duration of Hospitalization

Definitions of clinical recovery varied across trials, as shown in Table 4. In Table 4A,
four of the six trials showed significantly faster time to clinical recovery on ivermectin
compared to control. In five trials, ivermectin showed significantly shorter duration of

hospitalization compared to control (Table 4B).

Effects on Survival
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Six randomized trials reported that at least two people had died post-randomization
and were included in the analysis (Table 5). Across these six trials in 1255 patients,
there were 14/658 (2.1%) deaths in the ivermectin arms, versus 57/597 (9.5%)
deaths in the control arms. In a combined analysis using inverse variance weighting
ivermectin showed a 75% improvement in survival (RR 0.25 [95%CI 0.12-0.52];
p=0.0002, Figure 2). Heterogeneity was moderate, 12 = 34%.

Evaluation of Studies.
An evaluation of the quality of the studies included in this meta-analysis was

conducted according to the Cochrane Collaboration tool to assess the risk of bias. Of
the 18 trials, 11 were of poor quality and seven of fair or high quality. Further
evaluation with access to original data from the trials is warranted to increase quality

of evidence. [Supplementary table 1]
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Discussion

This systematic review of 18 RCTs (n = 2282) showed ivermectin treatment reduces
inflammatory markers, achieves viral clearance more quickly and improves survival
compared with SOC. The effects of ivermectin on viral clearance were stronger for
higher doses and longer durations of treatment. These effects were seen across a
wide range of RCTs conducted in several different countries. However, the data
should be interpreted carefully in the context that meta-analyses are highly prone to
confounding bias, and current viral PCR assays have several important limitations.
Many of the studies assessed have not been peer-reviewed. Larger, appropriately
controlled randomized trials are needed before rigorous evaluation of the clinical

benefits of ivermectin can be undertaken.

The results from this analysis have emerged from the International Ivermectin
Project Team meetings in December 2020 and January 2021. Independent research
teams were conducting the trials across 12 countries and agreed to share their data,
which was often unpublished, to accelerate the speed of reporting and to ensure
their fragmented research, widespread across the world, could contribute to global
learning. Viral clearance was evaluated by Polymerase Chain Reaction (PCR)
assays in all the studies. We have only included randomized clinical trials in this
meta-analysis. The 18 RCTs included were designed and conducted independently,

with results combined in December 2020.

Limitations

Key limitations to this meta-analysis include the comparability of the data, with
studies differing in dosage, treatment duration, and inclusion criteria. Furthermore,
the SOC used in the background treatment differed between different

trials. Additionally, ivermectin was often given in combination with doxycycline or
other antimicrobials. Individual trials may not have power to detect treatment effects
on rare endpoints such as survival. Outcome measures were not standardized,; viral
clearance was measured in most trials, but at different time points and with different
PCR cycle thresholds. The reliability of PCR tests for quantification purposes has

been the subject of substantive debate. Most studies were conducted in populations
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with only mild/moderate infection and some trials excluded patients with multiple co-

morbidities.

For open label studies, there is a risk of bias in the evaluation of subjective endpoints
such as clinical recovery and hospital discharge. However, the risk is lower for
objective endpoints such as viral clearance and survival. We have attempted to
control for publication bias by contacting each research team conducting the trials
directly. This has generated more results than would be apparent from a survey of
published clinical trials only but means that many of the included trials have not been
peer-reviewed. Review and publication of RCTs generally takes three to six months.
It has become common practice for clinical trials of key COVID-19 treatments to be
evaluated from pre-prints, such as for the WHO SOLIDARITY, RECOVERY and
REMAP-CAP trials [3, 4, 5].

These RCTs have been conducted in a wide range of countries, often in low-
resource conditions and overburdened healthcare systems. The evidence from this
first set of studies will require validation in larger RCTs evaluating fixed dosing
schedules, preferably using higher doses for between 3-5 days. Larger RCTs are
currently underway in Mexico, South America and Egypt, with results expected in
February and March 2021.

Despite limitations, this analysis suggests a dose and duration-dependent impact of
ivermectin on rate of viral clearance. These trials evaluated a wide range of
ivermectin dosing, from 0.2mg/kg for 1 day to 0.6mg/kg for 5 days. This wide range
of doses allowed an estimation of dose-dependency on viral clearance but reduces
the number of patients included that were consistently administered the same dose
for the same duration. The maximum effective dose of ivermectin is not yet clear and
new clinical trials are evaluating higher doses, up to 1.2mg/kg for 5 days.

The 75% survival benefit seen in this meta-analysis is based only on 71 deaths, in
six different clinical trials. This is a smaller total number of deaths than in either the
RECOVERY or REMAP-CAP trials, which led to the approval of dexamethasone,
tocilizumab and sarilumab. However, the observed survival benefit of 75% is

stronger than for the other re-purposed drugs. Emerging mortality results from larger
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studies of ivermectin will require careful evaluation and may change the conclusions

from the current analysis.

Secondary endpoints for some RCTs included biomarkers of disease severity. Some
of these provide evidence for an anti-inflammatory mechanism of action of ivermectin
in SARS-CoV-2 infected patients. Previous meta-analyses have demonstrated that
high levels of CRP, ferritin, d-dimer and lymphocytopenia are related to COVID-19
severity and hyper-inflammation [32, 33]. Studies of IL-6 receptor antagonists have
been shown to reduce CRP and d-dimer levels in patients with COVID-19 [4].

Across three studies, in a cumulative 683 patients, we found a slight increase in
lymphocyte counts [22, 34, 35] following ivermectin administration. CRP, a marker of
infection and inflammation, were reduced following ivermectin administration across
four trials [22, 23, 25, 34]. D-dimer is a fibrin degradation product, often raised in
severe COVID-19 due to thrombus formation. Ferritin can also be raised in severe
COVID-19 due to the cytokine storm and hyperinflammation. Levels of both d-dimer
and ferritin following one week of ivermectin treatment in severe COVID-19 cases
were reduced to levels less than half of those receiving SOC [22]. These reductions
in D-dimer and ferritin were more significant in patients with severe disease
compared to those with mild/moderate disease at baseline. Furthermore, erythrocyte
sedimentation rate and lactate dehydrogenase, non-specific markers of inflammation
and tissue damage, respectively, were both reduced slightly following ivermectin
administration in two separate studies of patients with COVID-19 [34, 36].

A key component of SARS-CoV-2 pathogenesis is its pro-thrombotic effect, leading
to blood clots in the kidneys, brain and pulmonary emboli in the lungs. By reducing
hyper-inflammation, the risk of clots may be reduced. One histopathology study in
dogs with Dirofilaria immitis (heartworm) showed that ivermectin plus doxycycline
reduced lung tissue perivascular inflammation and endothelial proliferation leading to
fewer arterial lesions and virtually removed the risk of thrombi [37]. However, the

relevance of these findings to SARS-CoV-2 infection are unclear.
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Ivermectin may also have a role in short-term prevention of SARS-CoV-2 infection,
suggested by pilot studies [38, 39]. This potential benefit also needs to be validated

in larger randomized trials.

At the time of writing, knowledge gaps prevent a robust conclusion about the
mechanism of action, but current in vitro data do not support a direct antiviral activity
of the drug. Interestingly, ivermectin has been demonstrated to induce autophagy as
part of a proposed mechanism of action in cancer [40, 41] with autophagy providing
an innate defense against virus infection [42]. Furthermore, other viruses such as
cytomegalovirus have mechanisms to activate cyclooxygenase 2 and prostaglandin
E2 promoting the inflammatory response, which supports their replication [43] and it
is also possible that a pro-inflammatory phenotype may aid SARS-CoV-2 replication
[44]. However, immunological mechanisms of action are usually highly complex and
require careful empirical evaluation to understand the plausibility, which is currently

absent for ivermectin use in COVID-19.

Conclusion

This meta-analysis of 18 RCTs in 2282 patients showed a 75% improvement in
survival, faster time to clinical recovery and signs of a dose-dependent effect of viral

clearance for patients given ivermectin versus control treatment.

Despite the encouraging trend this existing data base demonstrates, it is not yet a
sufficiently robust evidence base to justify the use or regulatory approval of
ivermectin. However, the current paucity of high-quality evidence only highlights the
clear need for additional, higher-quality and larger-scale clinical trials, warranted to

investigate the use of ivermectin further.

The maximum effective dose of ivermectin needs to be clarified and new clinical
trials should use a consistent multi-day dosing regime, with at least 0.4mg/kg/day.
The appropriate dose and schedule of ivermectin still requires evaluation and the
current randomized clinical trials of ivermectin need to be continued until ready for

rigorous review by regulatory agencies.
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Table 1: Trial Summaries

Table 1: Trial Summaries

Table 1A: Ivermectin trials with Dosing on day 1 only

Study

Mahmud et a |
[45]

Mohan et al
[28]

Chowdhury
[29]
Rezai et al
[35]

Spoorthi et al
[46]

Raad et al
[47]

Asghar et al
(48]

Podder et al
[27]

SAINT
[24]

Country

Bangladesh

India

Bangladesh

Iran

India
Lebanon
Pakistan
Bangladesh

Spain

Sample Size Daily dose

363

157

116

103

100

100

100

62

24

12 mg

0.2-0.4 mg/kg
(elixir)

0.2 mg/kg

0.2 mg/kg

0.2 mg/kg

0.2 mg/kg

0.2 mg/kg

0.2 mg/kg

0.4 mg/kg

Duration

1 day (DB)

1 day (DB)

1 day (DB)

1 day (DB)

1 day (DB)

1 day (SB)

1 day (OL)

1 day (OL)

1 day (DB)

Patients

Mild/ moderate

Mild / moderate

PCR positive

Moderate / severe

Mild to moderate

Mild

Mild / moderate

Mild

Moderate

Intervention
Arm

Ivermectin +
Doxycycline + SOC

Ivermectin + SOC

Ivermectin +
Doxycycline

Ivermectin + SOC
Ivermectin +
Doxycycline
Ivermectin + SOC
Ivermectin + SOC

Ivermectin + SOC

Ivermectin

Comparator Arm

SOC

Placebo + SOC

HCQ + Azithromycin

SOC
Placebo
SOC
SOC
SOC

Placebo
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SOC = Standard of care; OL= open label; SB= single-blind; DB= double-blind

Table 1B: Ivermectin trials with multi-day dosing

Study Country Sample Size Daily dose Duration Patients
Elgazzaretal Egypt 400 0.4 mg/kg 5 days (OL) Mild to severe
[22]

Niaee et al Iran 180 0.2-04 1-3 days (DB) Mild / moderate
[34] mg/kg

Hashim et al Iraq 140 0.2 mg/kg 2-3 days (SB) Symptomatic
[36]

Kirti et al [26] India 112 12 mg 2 days (DB) Mild / moderate
Ahmed et al Bangladesh 72 0.2 mg/kg 5 days (DB) Mild

[25]

Okomus etal  Turkey 60 0.2 mg/kg 5 days (DB) Severe

[23]

Babaloa et a Nigeria 60 0.1-0.2 2 | week (DB) Mild

[30] mg/kg

Chachar etal  Pakistan 50 0.2 mg/kg 2 days (OL) Mild

[49]

Krolewiecki et  Argentina 45 0.6 mg/kg 5 days (OL) Mild to moderate
al

[31]

SOC = Standard of care

Intervention
Arm

Ivermectin + SOC

Ivermectin + SOC

Ivermectin +

Doxycycline + SOC

Ivermectin + SOC

Ivermectin + SOC

Ivermectin + SOC

Ivermectin + SOC

Ivermectin + SOC

Ivermectin + SOC

Comparator Arm

HCQ + SOC
SOC + Placebo
SOC

SOC + Placebo
SOC + Placebo

FAVI/HQ/AZI (SOC)
Placebo + LPV/r
(SOC)

SOC

SOC

23





Table 2: Changes in Inflammatory Markers

CRP (mglL) Ferritin (ug/L) D-dimer (mg/L)
Ivermectin Control p value Ivermectin Control p value lvermectin Control p value

Elgazzar, Egypt (n=200, mild/moderate COVID-19)

Baseline 484 50.6 168 172 4.8 5.4

Day 7 4.8 8.3 p<0.001 95 98 n.s 0.5 0.7 p<0.001
Elgazzar, Egypt (n=200, severe COVID-19)

Baseline 64.8 68.2 420 334 8.2 8.6

Day 7 28.6 58.6 p<0.001 104 294 p<0.001 0.7 1.9 p<0.001
Okomus, Turkey (n=60)

Baseline 340.3 215.0 683 747 1.3 1.3

Day 5 51.8 194.3 p<0.01 875 1028 n.s 5.9 3.6 n.s

Day 10 36.1 924 p<0.05 495 1207 p<0.01 0.7 1.5 p<0.05
Chaccour, Spain (n=24)*

Baseline 3.5 3.0 165 156 0.3 0.3

Day 7 1.0 1.1 n.s 125 199 n.s 0.3 0.3 n.s

Day 14 0.8 0.6 n.s 152 145 n.s 0.3 0.3 n.s
Ahmed, Bangladesh (n=45, lvermectin 5 days)

Baseline 22.0 29.0 269 222 -

Day 7 3.0 14.0 p<0.05+ 211 218 n.s+ -
Ahmed, Bangladesh (n= 46, lvermectin 1 day)

Baseline 26.0 29.0 259 222 -

Day 7 11.0 14.0 n.s+ 213 218 n.s+ -
Iran Niaee (n=60, lvermectin- 0.2 mg)*

Baseline 200.0 270.0 -

Day 5 85.0 245.0 p<0.001++ -
Iran Niaee (n=60, lvermectin- 0.2, 0.2, 0.2 mg)*

Baseline 390.0 270.0 -

Day 5 200.0 245.0 p<0.001++ -
Iran Niaee (n=60, Ivermectin- 0.4 mg)*

Baseline 250.0 270.0 -

Day 5 80.0 245.0 p<0.001++ -
Iran Niaee (n=60, Ivermectin- 0.4, 0.2, 0.2 mg)*

Baseline 340.0 270.0 -

24






|

Day 5 170.0 245.0 p<0.001++ - - - -

*Median presented, all other data mean.

+p value compares within group changes from baseline to end point of ivermectin group. ++p value shows significance of total changes from baseline. All other p values compare ivermectin vs.
control

Normal ranges: CRP(<10mg/L), Ferritin(11-336ug/L) D-dimer(<0.5mg/L).
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Table 3: Effects of ivermectin on viral clearance

Table 3A:
Study

Country (n)

Daily dose

Number Detectable or Undetectable (%)

Mahmud et al

Asghar et al

Mohan et al

Mohan et al

Kirti et al

Podder et al

Okomus et al

Bangladesh,
n=363

Pakistan,
n=103

India,
n=157

India,
n=157

India,
n=112

Bangladesh,
n=62

Turkey,
n=60

12 mg

0.2 mg/kg

0.2mg/kg
Elixir
0.4mg/kg
Elixir

12 mg

0.2 mg/kg

0.2 mg/kg

Duration

1 day (DB)

1 day

1 day

1 day

2 days

1 day (OL)

5 days (DB)

Viral load
endpoint

Undetectable
Day 14

Undetectable
Day 7

Undetectable
Day 5

Undetectable
Day 5

Undetectable
Day 6

Day 10 PCR neg

Day 10 PCR
Neg

Result

IVA vs Control

92% vs 80%

90% vs 44%

35% vs 31%

48% vs 31%

24% vs. 32%

90% vs 95%

88% vs 38%

P value
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Table 3B: Effects of lIvermectin on Time to Viral Clearance

Study

Country (n)

Time to Viral Clearance (Days)

Chowdhury

Elgazzar et al
Mild/Moderate

Elgazzar et al
Severe

Babaloa et al

*

Babaloa et al

*

Ahmed et al *

Ahmed et al *

Bangladesh,
n=112

Egypt,
n=200

Egypt,
n=200

Nigeria,
n=60

Nigeria,
n=60

Bangladesh, n=72

Bangladesh, n=72

Daily dose

0.2 mg/kg

0.4 mg/kg

0.4 mg/kg

0.1 mg/kg

0.2 mg/kg

0.2 mg/kg

0.2 mg/kg

Duration

1 day (DB)

5 days (OL)

5 days (OL)

2 | week (DB)

2 / week (DB)

5 days (DB)

1 days (DB)

Viral load
endpoint

Time to PCR neg

Days detectable

Days detectable

Time to PCR neg

Time to PCR neg

Time to PCR neg

Time to PCR neg

Result

IVA vs Control

9 vs 9.3 days

5vs 10 days

6 vs 12 days

6 vs 9 days

4.7 vs. 9 days

10 vs 13 days

11.5vs. 13 days

P value

p < 0.001

p <0.001

p = 0.003

27





Table 3C: Effect of ivermectin on other measures of viral clearance.

Study Country (n)

Other Measures of Viral clearance

Raad et al Lebanon,
n=100

Krolewiecki et  Argentina,
al* n=45
*Dose-response effect seen

Daily dose

0.2 mg/kg

0.6 mg/kg

Duration

1 day

5 days

Viral load
endpoint

Day 3

PK/PD

Result
IVA vs Control

Ct values
30.1+£6.22
vs. 18.96 + 3.26

Dose-related

P value

p=0.01

p =0.02
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Table 4: Effects on of ivermectin on clinical recovery and hospitalization

Table 4A: Time to clinical recovery

Study

Country

Time to clinical recovery

Mohan et al

Mohan et al

Hashim et al

Chowdhury et al

Podder et al

Rezai et al

Spoorthi et al

India
n=157

India
n=157

Iraq
n=140

Bangladesh
n=116

Bangladesh
n=62

Iran
n=103

India
n=100

Daily dose

0.2 mg/kg
Elixir

0.4 mg/kg
Elixir

0.2 mg/kg
0.2 mg/kg
0.2 mg/kg

0.2 mg/kg

0.2 mg/kg

Duration

1 day (SB)

1 day (SB)

2-3 days (SB)

1 day (DB)

1 day (OL)

1 days (OL)

1 day (SB)

Endpoint

Time to clinical
recovery

Time to clinical
recovery

Time to clinical
recovery

Time to clinical
recovery

Time to clinical
recovery

Time to clinical
recovery

Time to clinical
recovery

Results
IVS vs control

4.8 vs 4.6 days

4.3 vs 4.6 days

10.6 vs 17.9 days

5.9 vs 6.9 days

5.3 vs 6.3 days

4.1 vs 5.2 days

3.7 vs 4.7 days

P value

p <0.001

p=0.071

p=n.s.

p =0.018

p=0.03
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Table 4B: Effect of lIvermectin on duration of hospitalization

Study

Country

Duration of hospitalization

Rezai et al

Raad et al

Spoorthi et al

Niaee et al

Elgazzar et al
Mild/moderate

Elgazzar et al
Severe

Iran
n=103

Lebanon
n=100

India
n=100
Iran

n=165

Egypt
n=200

Egypt
n=200

Daily dose

0.2 mg/kg
0.2 mg/kg

0.2 mg/kg

0.2 - 0.4 mg/kg
0.4 mg/kg

0.4 mg/kg

Duration

1 days (OL)

1 day (OL)

1 day (SB)

1-3 days (DB)

5 days (OL)

5 days (OL)

Endpoint

Days in hospital
Hospitalization

Time in hospital

Days in hospital
Days in hospital

Days in hospital

Results

IVS vs control

6.9 vs 8.4 days

0% vs 6%

6.7 vs 7.9 days

6.5 vs 7.5 days

5vs 15 days

6 vs 18 days

P value

p=0.01

p = 0.00

p=0.01

p = 0.006

p <0.001

p < 0.001

30





Table 4C: Number of Participants with clinical recovery by Day 7 to 10 post-randomization

Study

Number of Participants Recovered (%)

Chachar et al

Okomus et al

Mahmud et al

Country

Pakistan
n=50

Turkey
n=60

Bangladesh
n=400

Daily dose

0.2 mg/kg
0.2 mg/kg

12 mg

Duration

2 days (OL)

5 days (DB)

1 day (DB)

Endpoint

Day 7 Clinical
recovery

Day 10 Clinical
improvement

Day 7 Clinical
Recovery

Results
IVS vs control

64% vs 60%

73% vs 53%

61% vs 44%

P value

p=0.10

p <0.03
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Table 5: Effects of ivermectin on survival

Trial Country Dosing lvermectin Control
Mahmud et al Bangladesh 0.2 mg/kg, 1 day 0/183 3/180
Niaee et al Iran 0.2 mg/kg 1-3 days 4/120 11/60
Hashim et al Iraq 0.2-0.4 mg/kg 2-3 days 2/70 6/70
Elgazzar et al Egypt 0.4 mg/kg 5 days 2/200 24/200
Okomus et al Turkey 0.2 mg/kg, 5 days 6/30 9/30
Kirti et al India 12 mg, 5 days 0/55 4/57

Total

14/658 (2.1%)

57/597 (9.5%)
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Figure 1: Effects of ivermectin on time to viral clearance
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Control
Events Total Events Total

Risk Ratio

Weight 1V, Random, 95% CI

Risk Ratio
IV, Random, 95% CI

Ivermectin

Study or Subgroup

Bangladesh Mahmud et al 0 183
Egypt Elgazzar et al 2 200
India Kirti et al 0 55
Iran Niaee et al 4 120
Irag Hashim et al 2 70
Turkey Okumus et al 6 30
Total (95% Cl) 658

Total events 14

3
24
4
11
6
9

57

180
200
57
60
70
30

597

5.7%
18.0%
5.9%
24.6%
15.9%
29.8%

100.0%

Heterogeneity: Tau® = 0.28; Chi* = 7.54,df = 5 (P = 0.18); I° = 34%

Test for overall effect: Z = 3.67 (P = 0.0002)

Figure 2: Forest plot of survival.
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Supplementary table 1. Assessment of Risk of Bias

Graded low, high or unclear risk of bias on the bases of the prespecified criteria set out in the Cochrane Risk of Bias Tool

Study

Mahmud et a
I [R2]

Mohan et al
[R14]

Chowdhury
[R15]

Rezai et al
[R13]

Spoorthi et al
[R10]

Raad et al
[R11]

Asghar et al

Podder et al
[RE]

Random
Sequence
Generation

Low

High
(Odd/Even
randomization
based on
registration
numbers)

Low

High
(Odd/Even
randomization
based on
registration

Allocation
Concealment

Low

Low

Blinding of
Participants and
Personnel

Low

Low
(Unblinded but objective
outcome measure (PCR

and viral load)

Low

Low

High
(Open Label + primary
endpoint symptoms
resolution (subjective
element))

Blinding of
Outcome Incomplete
Assessment Outcome Data
Low High
(21% of patients
randomized not included
in the analysis)
Low
Low Low
Low
Low High
(5% (control) vs 18%
(ivermectin) attrition rate
between arms)
High

(Open Label +
primary endpoint
symptoms
resolution

Overall Quality

Selecti_ve of Evidence
Reporting
Limited
Low Limited
Low Limited
Fair
Limited
Limited
Low Limited
Limited
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SAINT
[R9]

Elgazzar et
al
[R1]

Niaee et al
[R3]

Hashim et al
[R4]

Ahmed et al
[R5]

Okomus et al
[R16]

Babaloa et a
[R17]

Chachar et al
[R7]

Krolewiecki
et al
[R8]

numbers)

Low

Low

High
(Randomization
based on date of

enroliment)

Low

Low

Low

High
(Randomization
based on date of

enroliment)

Low

Low

Low
(Unblinded but primary
endpoint based on PCR
and laboratory markers)

Low
(Unblinded - but objective
outcome measures used

(lab markers)

High
(Unblinded and outcome
dependent on reporting of
symptoms)

Low

Low
Objective measures
(Lab/PCR/FiO2/Mortality)

Low

High
Open Label + primary
endpoint symptoms
resolution (subjective
element)

Low

(Low Risk Bias - Objective
measures

(subjective
element))

Low

High
(Investigators
interpreting and
collating results
were unblinded)

High
(Unblinded -
outcome
dependent on
subjective
judgement of
disease
progression)

Low

Low

High
Open Label +
primary endpoint
symptoms
resolution
(subjective
element)

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Good

Limited

Fair

Limited

Fair

Limited

Fair

Limited

Limited
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(Lab/PCRIFiO2/Mortality))

Kirti et al
[R18]

Low

Low

Low

Low

Low

Low

Good
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