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A B S T R A C T

Background: Ivermectin inhibits the replication of SARS-CoV-2 in vitro at concentrations not readily achiev-
able with currently approved doses. There is limited evidence to support its clinical use in COVID-19 patients.
We conducted a Pilot, randomized, double-blind, placebo-controlled trial to evaluate the efficacy of a single
dose of ivermectin reduce the transmission of SARS-CoV-2 when administered early after disease onset.
Methods: Consecutive patients with non-severe COVID-19 and no risk factors for complicated disease attend-
ing the emergency room of the Clínica Universidad de Navarra between July 31, 2020 and September 11,
2020 were enrolled. All enrollments occurred within 72 h of onset of fever or cough. Patients were random-
ized 1:1 to receive ivermectin, 400 mcg/kg, single dose (n = 12) or placebo (n = 12). The primary outcome
measure was the proportion of patients with detectable SARS-CoV-2 RNA by PCR from nasopharyngeal swab
at day 7 post-treatment. The primary outcome was supported by determination of the viral load and infectiv-
ity of each sample. The differences between ivermectin and placebo were calculated using Fisher’s exact test
and presented as a relative risk ratio. This study is registered at ClinicalTrials.gov: NCT04390022.
Findings: All patients recruited completed the trial (median age, 26 [IQR 19�36 in the ivermectin and 21�44 in
the controls] years; 12 [50%] women; 100% had symptoms at recruitment, 70% reported headache, 62% reported
fever, 50% reported general malaise and 25% reported cough). At day 7, there was no difference in the proportion
of PCR positive patients (RR 0¢92, 95% CI: 0¢77�1¢09, p = 1¢0). The ivermectin group had non-statistically signifi-
cant lower viral loads at day 4 (p = 0¢24 for gene E; p = 0¢18 for gene N) and day 7 (p = 0¢16 for gene E; p = 0¢18 for
gene N) post treatment as well as lower IgG titers at day 21 post treatment (p = 0¢24). Patients in the ivermectin
group recovered earlier from hyposmia/anosmia (76 vs 158 patient-days; p< 0.001).
Interpretation: Among patients with non-severe COVID-19 and no risk factors for severe disease receiving a
single 400 mcg/kg dose of ivermectin within 72 h of fever or cough onset there was no difference in the
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proportion of PCR positives. There was however a marked reduction of self-reported anosmia/hyposmia, a
reduction of cough and a tendency to lower viral loads and lower IgG titers which warrants assessment in
larger trials.
Funding: ISGlobal, Barcelona Institute for Global Health and Clínica Universidad de Navarra.
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1. Introduction

As of December 21, 2020, there have been over 70 million cases
and 1¢6 million COVID-19 deaths worldwide [1]. Although the thresh-
old is difficult to predict accurately [2], the spread of SARS-CoV-2 is
unlikely to stop before at least 50% of the population has gained
immunity, either by vaccination or recovering from a naturally-
acquired infection [3]. There are now promising vaccines candidates
advancing to emergency regulatory approval [4], but there is a pro-
jected delay in global access to the level required for population
impact on the trajectory of the pandemic. While efforts are ongoing
to develop treatment options, relatively less attention has been
devoted to evaluating drug-based transmission blocking or transmis-
sion reduction strategies. These strategies would consist in adminis-
tering a drug with the aim of reducing onward transmission by those
infected and could serve to reduce the burden on health system and
gain time until vaccines are fully tested and scaled-up.

Ivermectin is a widely used antiparasitic drug with known partial
efficacy against several single-strain RNA viruses [5-7]. Caly et al.
The effect of early treatmen
double-blind, placebo-contr
reported in vitro inhibition of SARS-CoV-2 replication using micro-
molar concentrations of ivermectin [8]. These findings, together with
early observational evidence and ecological evidence, prompted sev-
eral Latin-American countries to include ivermectin as part of the
national policy for COVID-19 treatment [9].

As of December 21, 2020, there are 45 studies evaluating the effi-
cacy of ivermectin to treat or prevent COVID-19 registered in clinical-
trials.gov, and 74 trials registered in WHO�s International Clinical
Trials Registry Platform (https://apps.who.int/trialsearch/) of which
at least 14 are already completed. Although some observational and
case control studies as well as emerging small randomized clinical
trials suggest a potential utility [10-13]. Yet, there is still a dearth of
robust, randomized controlled trials to appropriately inform policy
decisions.

This trial was designed as a pilot to evaluate whether the maxi-
mum approved dose of ivermectin in Europe could have an impact
on the transmission of SARS-CoV-2 when administered early after
disease onset.

2. Methods

This was a pilot, double-blind, placebo-controlled, single-center,
parallel-arm, superiority, randomized clinical trial that compared a
single dose of ivermectin with placebo in patients with non-severe
COVID-19 and no risk factors. The trial protocol was published [14],
the last version of the protocol and statistical analysis plan are avail-
able as supplementary files. The protocol was approved by the Span-
ish national ethics committee for drug research (Hospital Puerta de
Hierro Majadahonda) and by the Spanish Agency of Medicines and
Medical Devices. All procedures were conducted in compliance with
the latest revision of the Helsinki Declaration and Good Clinical Prac-
tice. All patients provided verbal informed consent at enrollment fol-
lowed by written consent once their isolation was lifted in
accordance to the EMA recommendations: “Guidance on the Manage-
ment of Clinical Trials during the COVID-19 (Coronavirus) pandemic
Version 2 (27/03/2020)” [15]. This study is registered at ClinicalTrials.
gov: NCT04390022. This study was funded by ISGlobal and the Clínica
Universidad de Navarra. The funding sources had no role on the
design, analysis or decision to publish the results of this study.

2.1. Patients

Consecutive outpatients attending the Emergency Room of the
Clínica Universidad de Navarra (Pamplona, Spain) with symptoms
compatible with COVID-19, no more than 72 h of fever or cough and
a positive PCR for SARS-CoV-2 were enrolled. Patients with positive
IgG against SARS-CoV-2, comorbidities considered risk factors for
severe disease or COVID-19 pneumonia at baseline were excluded
(detailed eligibility criteria are provided in the protocol -Supplemen-
tary file-).

2.2. Study design and oversight

The trial was conducted in the Pamplona metropolitan area (Nav-
arra, Spain). Patients were enrolled between July 31, 2020 and Sep-
tember 11, 2020 and randomized in a 1:1 ratio to ivermectin (400
mcg/kg) single oral dose or placebo. The randomization sequence
was computer-generated by the trial statistician using blocks of four
t with ivermectin on viral load, symptoms and humoral response in
olled, randomized clinical trial, EClinicalMedicine (2021), https://doi.
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to ensure balance. Allocation was made by the attending investigator
using opaque envelopes. The placebo tablets did not match ivermec-
tin in appearance, therefore, in order for the clinical trial team to
remain blinded, treatment was administered under direct supervi-
sion by a non-participant nurse that picked up the opaque bottles
directly from the pharmacy and administered the content behind
closed doors. The clinical trial team had no contact with the investi-
gational products. There was slow recruitment due to a sharp reduc-
tion in local transmission for 10 weeks after the lockdown of March-
April 2020, the protocol was amended on September 2nd to extend
the inclusion criteria from 48 to a maximum of 72 h of cough or
fever.

The main objective was to determine the efficacy of a single dose
of ivermectin, administered to low risk, non-severe COVID-19
patients in the first 72 h after fever or cough onset to reduce onward
transmission.

2.3. Clinical, laboratory and virological monitoring

Assessments on enrollment and at days 4, 7, 14, 21 and 28 post
treatment included: general symptoms report, physical examination
(including respiratory rate, blood oxygen saturation and chest auscul-
tation) and adverse events. All patients were asked to complete a
daily online diary of symptoms from day 1 to 28 post treatment. On
enrollment, as well as on days 7 and 14 blood samples were obtained
to assess full blood count, C reactive protein, procalcitonin, ferritin,
creatinine phosphokinase, lactic dehydrogenase, troponin T, D dimer,
IL-6, and renal function.

A nasopharyngeal swab for SARS-CoV-2 PCR was taken at enroll-
ment and on days 4, 7, 14 and 21 post treatment. For consistency,
these samples were collected by three clinicians using the same tech-
nique. All samples were processed by PCR for genes N and E of SARS-
CoV-2 (Real Time PCR SARS-CoV-2, Vircell SLU, Granada, Spain). For
every sample, the viral load was calculated using standard reference
curve (EDX Sars-Cov-2, Exact Diagnostics LLC, Fort Worth Texas).
Additionally, all samples from day 4 post treatment were cultured in
Vero cells for 7 days, after which the cytopathic effect was assessed
and PCR conducted on the harvested cell-free supernatant. If the PCR
from the supernatant was positive at day 4, the procedure was
repeated on the samples of that patient for day 7. A semi-quantitative
serology for IgG against SARS-CoV-2 (COVID-19 VIRCLIA IgG monot-
est, Vircell SLU, Granada, Spain) was done on samples from all
patients on day 21 post-treatment.

2.4. Outcome measures

The primary outcome measure was the proportion of patients
with detectable SARS-CoV-2 RNA by PCR from nasopharyngeal swab
at day 7 post-treatment.

Relevant pre-specified secondary outcomes included viral load at
days 4, 7, 14 and 21 post treatment; proportion of patients with
symptoms (particularly fever and cough) at days 4, 7, 14 and 21 post-
treatment as well as proportion of patients progressing to severe dis-
ease or death during the trial; proportion of patients with serocon-
version at day 21 post-treatment and proportion of drug-related
adverse events.

2.5. Sample size justification

In COVID-19, viral load peaks right before or at symptom onset
[16,17] and most secondary cases occur prior to day five after symp-
toms [18]. This pilot was designed to assess the use of ivermectin to
reduce transmission. With the objective to reduce onward transmis-
sion, a robust effect size in the proportion of PCR positives at day
seven after treatment would be needed to have a public health
Please cite this article as: C. Chaccour et al., The effect of early treatmen
patients with non-severe COVID-19: A pilot, double-blind, placebo-contr
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impact. A reduction of at least 50% in the proportion of positives was
considered of potential value.

The sample size was based in the comparison of two propor-
tions and calculated to have 80% power at a 5% significance level
to detect a 50% reduction (100 vs 50%) in the proportion of par-
ticipants with positive PCR at day 7 post-treatment. The 100%
PCR positivity figure at day 7 is based on the experience with
COVID-19 outpatients at the Clínica Universidad de Navarra dur-
ing the first wave of March-May 2020. The infectivity outcome
was supported by assessing changes in viral load and infectivity
in cell cultures.
2.6. Statistical analysis

Descriptive analyses used frequency and percentage (based on the
non-missing sample size) for qualitative variables and median, inter-
quartile range and n (non-missing sample size) for quantitative varia-
bles.

For the primary objective, the proportion of participants with pos-
itive PCR at day seven post treatment was calculated. Proportions
were compared between study arms using Fisher’s exact test and
presented as a relative risk ratio (RR) with their corresponding 95%
confidence interval (CI). In the analysis of the symptoms reported by
patients (symptom diary), missing data was carried over from the
last data available. Significance was set at 0.05. The analysis was car-
ried out using Stata (StataCorp. 2019. Stata Statistical Software:
Release 16. College Station, TX: StataCorp LLC).

Boxplots and bar plots were produced for the description of quan-
titative and qualitative variables, respectively. For figure readability,
viral load values were log-transformed. Graphs were produced in R
version 4.0.2 (R Core Team, R: A Language and Environment for Sta-
tistical Computing, Vienna, Austria: R Foundation for Statistical Com-
puting, 2020) with the package ggplot2 (H. Wickham, ggplot2:
Elegant Graphics for Data Analysis, Springer-Verlag New York,
2016.).

Viral load data were synchronized prior to analysis by accounting
for days since onset of any symptoms and, since the day of infection
was not known, an average incubation time of 5 days was assumed
[19]. Peak viral load (Cmax) and time to peak viral load (Tmax) were
determined directly from the profiles. Area under the viral load curve
was calculated using the trapezoidal rule from assumed time of infec-
tion to last sample (AUCobs). Duration of time above a cycle thresh-
old (Ct) of 35 was derived directly from profiles or linearly
extrapolated profiles if the last recorded Ct value was not below the
threshold.
2.7. Post hoc analyses

The median viral load at all sampling times and median IgG titers
between study groups were compared using a Wilcoxon rank-sum
test.

The effect of study arm on the presence of symptoms was esti-
mated using mixed effect logistic regression models with subject as a
random intercept. These models are adjusted by day of follow up (as
symptoms are expected to disappear over time) and duration of
symptoms before enrolment (as a proxy of disease onset). To assess
the potential effect of study arm on symptom progression, the inter-
action between study arm and day of follow up was also included in
the models. Three models were studied for those outcomes for which
differences between treatments were observed: any symptom, anos-
mia or hyposmia, and cough. Additionally, the observed effect of iver-
mectin on anosmia/hyposmia was assessed in a sub-analysis by sex.

The adipose weight of participants in the ivermectin group was
calculated with the method described by Gomez-Ambrosi et al. [20].
This information was used to estimate the ivermectin dose per
t with ivermectin on viral load, symptoms and humoral response in
olled, randomized clinical trial, EClinicalMedicine (2021), https://doi.
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adipose-weight received and plotted against the last day of reported
anosmia/hyposmia.

3. Results

3.1. Patient characteristics

Of 94 patients assessed, 50 did not meet eligibility criteria, 20
declined to participate and 24 were randomized. All randomized
patients received the corresponding study product and completed 28
days of follow-up (Fig. 1). The baseline characteristics of patients in
both groups are presented in Table 1.

There was a higher proportion of females in the placebo group
(58 vs 42%). Demographics and baseline disease characteristics of
participants in both groups are presented in Table 1. Overall, 66% of
the patients presented with perceived or objective fever, 25% pre-
sented with cough, 70% presented with headache and 58% presented
with myalgia or general malaise with no remarkable differences
between groups. The median earliest start of any symptom before
treatment was 24 h for the ivermectin group (interquartile range,
Fig. 1. Enrollment and patient flow. a One presented with pneumonia in the ER and one had
clinical suspicion but had a negative PCR.

Please cite this article as: C. Chaccour et al., The effect of early treatmen
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24�48 h) and 48 h for the placebo group (interquartile range,
36�48 h). At baseline, there were no differences in vital signs, inflam-
matory markers or full blood count between the groups (Table 1).

3.2. Primary endpoint

There was no difference in the proportion of PCR positive patients
at day 7 post treatment, 12/12 (100%) patients had a positive PCR for
gene N in both groups. For gene E, 11/12 (91%) in the ivermectin and
12/12 (100%) in the placebo group had a positive PCR (RR 0¢92, 95%
CI: 0¢77�1 0¢09, p = 1¢0).

3.3. Viral load

Genes E and N had comparable results at all time points. Patients
in both study groups had similar viral load before treatment with
median and interquartile range for genes E and N in the same orders
of magnitude (Fig. 2 and Table S1). Although there was a consistent
overlap in interquartile ranges and full ranges at all points, the
median viral load for both genes was lower at days 4 and 7 post
a compatible X-ray during screening. b Formally screened based on epidemiological and

t with ivermectin on viral load, symptoms and humoral response in
olled, randomized clinical trial, EClinicalMedicine (2021), https://doi.
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Table 1
Baseline characteristics of patients by group.

Ivermectin (n = 12) Placebo (n = 12)

Age, median (IQR)[range] (years) 26 (19�36) [18�54] 26 (21�44) [18�54]
Sex, No. (%)
Female 5 (42%) 7 (58%)
Male 7 (58%) 5 (42%)
Body mass index, median (IQR) [range] kg/m2 23¢5 (19¢6�27¢8) [18¢6�29¢ 9] 22¢9 (21¢0�24¢8) [19¢3�29¢9]
Symptoms
Any, No. (%) 12 (100%) 12 (100%)
Fever, No. (%) 7 (58%) 9 (75%)
Cough, No. (%) 4 (33%) 2 (17%)
Headache, No. (%) 7 (58%) 10 (83%)
Myalgia/general malaise, No. (%) 8 (67%) 6 (50%)
Earliest start of any symptoma, median, (IQR) [range] 24 (24�48) [18�120] 48 (36�48) [24�72]
Earliest start of fevera*, No, median. (IQR) [range] 24 (12�24) [12�24], n = 7 24 (24�48) [4�48], n = 9
Earliest start of cougha, No, median. (IQR) [range] 24 (16�36) [8�48], n = 4 10 (8�12) [8�12], n = 2
Vital signs
Systolic Blood pressure, median. (IQR), mmHg 114 (113�117) 129 (116�134)b

Diastolic blood pressure, median. (IQR), mmHg 76 (72�80) 79 (77�85)
Heart rate, median (IQR), bpm 83 (77�99) 90 (81�100)
Respiratory rate, median (IQR), bpm 14 (12�17) 14 (12�15)
Temperature, median (IQR), °C 36¢8 (36¢4�37¢0) 36¢9 (36¢5�37¢0)
Oxygen saturation, median (IQR),% 97 (96�98) 98 (97�100)
Viral load
Gene E, No. (IQR), copies/ml 1¢7¢107 (5¢9¢106- 3¢9¢108) 2¢7¢107 (8¢3¢105- 4¢2¢108)
Gene N, No. (IQR), copies/ml 3¢7¢108 (1¢8¢107- 9¢3¢109) 3¢3¢108 (5¢8¢107- 6¢7¢109)
Inflammatory markers
CRP, median (IQR), mg/dL [normal value] 0¢3 (0¢2�0¢8) [<0¢5] 0¢3 (0¢2�0¢6) [<0¢5]
Ferritin, median (IQR), mg/dL [normal value] 165¢0 (95¢8 - 241¢3) [30�400] 156¢1 (103¢1�223¢0) [30�400]
IL-6, median (IQR), pg/mL [normal value] 6¢5 (5¢1 - 9¢6) [<7] 4¢5 (3¢0�6¢5) [<7]
D-Dimer, median (IQR), ng/mL [normal value] 295 (270�420) [150�500] 280 (270�315) [150�500]
Full blood count
Red blood cells, median (IQR), 1012/L 5¢05 (4¢62�5¢55) 5¢07 (4¢67� 5¢45)
Hemoglobin, median (IQR), g/dL 15¢3 (13¢8�16¢0) 15¢2 (13¢7�15¢8)
Platelets, median (IQR), 109/L 194 (167�216) 205 (179�247)
White blood cells, median (IQR), 109/L 4¢7 (4¢3�6¢3) 4¢4 (3¢7�5¢9)
Neutrophils, median (IQR),% 52¢4 (45¢6�65¢1) 53¢4 (43¢9�62¢2)
Lymphocytes, median (IQR),% 29¢5 (18¢5- 7¢9) 28¢7 (20¢8�39¢9)
a Hours before dosing
b The slightly higher median systolic blood pressure in the placebo group at baseline was not seen in subsequent study visits and

was judged as non-clinically significant, see table S3 for the evolution of all vital signs throughout the study, *Reported or mea-
sured fever. IQR: interquartile range

Fig. 2. Viral load evolution by study arm. Viral load values were log-transformed. The boxes show the interquartile range. Dots represent each individual value.
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treatment in the ivermectin group with differences increasing from
3-fold lower at day 4 (p = 0¢24 for gene E; p = 0¢18 for gene N) to
around 18-fold lower at day 7 (p = 0¢16 for gene E; p = 0¢18 for
gene N) (Fig. 2 and Table S1). A similar tendency remained for
the viral load at days 14 and 21, with values from patients in the
Please cite this article as: C. Chaccour et al., The effect of early treatmen
patients with non-severe COVID-19: A pilot, double-blind, placebo-contr
org/10.1016/j.eclinm.2020.100720
ivermectin group consistently lower for at least one of the genes,
the difference was not statistically significant at any single point
(Fig. 2 and Table S1). The values of cycle thresholds had a very
similar behavior (Figure S1). Summary statistics for viral kinetics
are provided in Table S2.
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3.4. Viral culture

At day 4 post-treatment, 7/12 samples in the ivermectin and 5/12
samples in the placebo group effectively replicated Vero cell culture;
the median Ct values of replicating samples were 23¢3 and 23¢8 for
genes N and E respectively, while the median Ct values of non-repli-
cating samples were 27¢6 and 27¢9 for genes N and E respectively. By
day 7 post treatment only 1/6 in the ivermectin (one previously posi-
tive sample was lost) and 1/5 in the placebo group replicated in the
cell culture; the median Ct values of replicating samples were 25¢1
and 26¢0 for genes N and E respectively, while the median Ct values
of non-replicating samples were 30¢8 and 32¢0 for genes N and E
respectively.
Fig. 4. IgG titers by study arm. The boxes show the interquartile range. Dots represent
each individual value (p = 0¢24, Wilcoxon rank-sum test).
3.5. Symptoms

There was good compliance with the daily online questionnaire
with 282 patient-days reports (84%) and 295 patient-days reports
(88%) in the ivermectin and placebo group respectively (Fig. S2).

Patients in the ivermectin group reported fewer patient-days of
any symptoms than those in the placebo group (171 vs 255 patient-
days). This difference is mostly driven by two symptoms, anosmia/
hyposmia and cough. Patients in the ivermectin group reported 50%
less anosmia/hyposmia than those in the placebo group (76 vs 158
patient-days of anosmia/hyposmia). The ivermectin group also
reported 30% less cough (68 vs 97 patient-days of cough) (Fig. 3).

There were no major differences between ivermectin and placebo
in the reported patient-days of fever (12 vs 12), general malaise
(51 vs 61), headache (34 vs 38), or nasal congestion (91 vs 97). With
much lower magnitudes, the ivermectin group reported 3.5-fold
more patient-days of gastrointestinal symptoms (21 vs 6) and 5-fold
less shortness of breath (3 vs 15) (Fig. S3).

No patient from either group progressed to severe disease.
3.6. Serology

All patients in both groups seroconverted by day 21 post treat-
ment. Patients in the ivermectin group had a lower median of IgG
titers (Index 4¢7, interquartile range [3¢5�8¢9]) than those in the pla-
cebo group (Index 7¢5, interquartile range [4¢2�9¢3]) (p = 0¢24 by
Wilcoxon rank-sum test) (Fig. 4).
Fig. 3. Daily proportion of any self-reported symptoms, self-reported cough and self-rep
of individuals (n/N) who suffered from each symptom in the corresponding study arm f
ately preceding day.
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3.7. Safety

All patients completed the follow up period of 28 days. There
were 15 adverse events (7 in the ivermectin and 8 in the placebo
group) experienced by 10 patients (5 in the ivermectin and 5 in the
placebo group). There were no severe adverse events.

The online diary of symptoms included questions about ivermec-
tin-specific adverse events. There were no differences in the reported
patient-days between the ivermectin and the placebo group for con-
fusion (1 vs 0), drowsiness (0 vs 0), or pruritus (0 vs 3). Patients in
the ivermectin group reported more patient-days of dizziness (7 vs
1) and blurred vision (24 vs 1), with this last value driven by a single
patient in the ivermectin group reporting blurred vision on days 2—
28, further evaluation suggested previously undiagnosed presbyopia
(Fig. S4).

There were no major differences in the evolution of vital signs
(Table S3), inflammatory markers (C reactive protein, procalcitonin,
ferritin and IL-6) and rest of laboratory parameters of patients in
each group (Table S4).
orted anosmia/hyposmia by study arm. Each graph represents the daily proportion
or a 28 day follow up. Missing answers were replaced by the value in the immedi-
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Fig. 5. Kaplan-Meier curves for viral load. A survival threshold of Ct � 30 was used. Log-Rank test yielded significance for the difference in gene E (p = 0¢0358) and borderline signif-
icance for the difference in gene N (p = 0¢0550).
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3.8. Post hoc analyses

Given that the main objective of the trial was to explore a reduc-
tion in onward transmission of the virus and that the viral cultures of
samples from day 7 showed replicative virus only in samples with Ct
values below 30, Kaplan-Meier curves were drawn and survival anal-
ysis conducted with log-rank test using a survival threshold of Ct �
30. This analysis shows a statistically-significant difference for gene E
(p = 0¢035, Log-rank test) and borderline significance for gene N
(p = 0¢055, Log-rank test). The curves are presented in Fig. 5.

In the logistic regression model, a lower chance of presenting any
symptoms was observed in the ivermectin arm (OR: 0¢04 [95% CI:
0¢00, 0¢75] p = 0¢032). In both arms, presence of any symptoms
tended to diminish over time (OR (95% CI): 0¢80 (0¢74, 0¢86) and 0¢81
(0¢77, 0¢85), for placebo and ivermectin respectively). This downward
trend was similar in both study groups (p = 0¢687). With regards to
the presence of cough, we did not find differences between study
groups (p = 0¢575) nor in the existing trend to diminish over
time (p = 0¢373). However, differences were observed for the
presence of anosmia/hyposmia: for patients in the placebo group,
there was no trend in time in the presence of anosmia (OR
(95%CI): 0¢99 (0¢95, 1¢02) p = 0¢459). Conversely, patients in the
ivermectin group showed a significant decrease (OR (95%CI): 0¢90
(0¢85, 0 0¢94) p < 0¢001) (Fig. S5).
Table 2
Body composition and dose of ivermectin-treated participants.

Participant ID Age Sex Weight Height BMI Adipose weigh Ad
years M/F kg m kg/m2 % kg

SAINT-5 24 Male 65¢1 1¢77 20¢8 0¢14 9
SAINT-17 22 Male 72¢7 1¢79 22¢7 0¢17 12
SAINT-18 18 Female 57¢0 1¢75 18¢6 0¢21 11
SAINT-19 18 Female 45¢1 1¢55 18¢8 0¢21 9
SAINT-3 33 Male 71¢0 1¢70 24¢6 0¢21 15
SAINT-21 18 Female 50¢1 1¢60 19¢6 0¢22 11
SAINT-16 20 Female 49¢2 1¢59 19¢5 0¢23 11
SAINT-9 28 Male 89¢9 1¢79 28¢1 0¢26 23
SAINT-11 47 Male 85¢8 1¢77 27¢4 0¢27 23
SAINT-20 29 Male 92¢2 1¢79 28¢8 0¢27 25
SAINT-8 39 Male 93¢6 1¢77 29¢9 0¢30 28
SAINT-13 57 Female 66¢0 1¢57 26¢6 0¢39 26
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The overall effect of ivermectin on anosmia/hyposmia was mainly
driven by male patients (20 vs 76 patient-days of anosmia/hyposmia
in the ivermectin and placebo groups respectively) in sharp contrast
with female patients (56 vs 81 patient-days of anosmia/hyposmia in
the ivermectin and placebo groups respectively) (Fig. S6). A sensitiv-
ity analysis to assess if sex had any impact on the logistic regression
models was performed. Adding this variable to the models did not
change the coefficients presented above.

The participants had an adipose weight ranging from 14% to 39%
of their body weight. This resulted in ivermectin doses per adipose
kilo ranging from 1028 mcg/adipose-kg to 2963 mcg/adipose-kg,
even if the actual doses per full body weight were achieved in the rel-
ative narrow range of 399�427 mcg/kg (Table 2). The ivermectin
doses per adipose-kg were plotted against the duration of anosmia/
hyposmia and the last day of reported anosmia/hyposmia with no
evident pattern, a regression was not attempted given the scarcity of
data (Fig. S7).

4. Discussion

In spite of its partial antiviral properties, ivermectin received lim-
ited early attention in Europe or the US as a potential drug to be
repurposed against COVID-19. This was largely based on one pharma-
cokinetic model stressing the inability of currently approved oral
doses to reach lung tissue levels at the antiviral concentrations
ipose weight* 3-mg tablets received Total dose Dose/kg Dose adipose/kg
tablets mg mcg/kg mcg/kg

¢11 9 27 415 2963
¢43 10 30 413 2413
¢97 8 24 421 2005
¢61 6 18 399 1874
¢48 10 30 423 1938
¢47 7 21 419 1830
¢37 7 21 427 1848
¢82 12 36 400 1511
¢77 12 36 420 1515
¢54 13 39 423 1527
¢27 13 39 417 1380
¢27 9 27 409 1028

t with ivermectin on viral load, symptoms and humoral response in
olled, randomized clinical trial, EClinicalMedicine (2021), https://doi.

https://doi.org/10.1016/j.eclinm.2020.100720
https://doi.org/10.1016/j.eclinm.2020.100720


ARTICLE IN PRESS
JID: ECLINM [m5G;January 14, 2021;12:06]

8 C. Chaccour et al. / EClinicalMedicine 00 (2021) 100720
described by Caly et al., [21] even if other, peer-reviewed models pre-
dict up to 10-fold accumulation of ivermectin in target tissue [22].
There are additional reasons to avoid direct inferences from the
results of in vitro experiments or pharmacokinetic models, these
include the potential role of ivermectin metabolites, the potential
immunomodulatory role of the drug, and questions about the virus/
cell ratios and appropriateness of the Vero cellular lines used in the
cultures [23].

This pilot study was designed to assess the question of whether
further investments in the potential repurposing of ivermectin were
warranted. As such, we aimed at generating evidence on viral kinet-
ics, antibody response and clinical efficacy in a cohort of patients at
low risk of severe disease. Without a clearly defined mechanism of
action, a sole signal in any of said parameters would not suffice to jus-
tify further efforts. This pilot shows a tendency to lower viral loads in
the ivermectin group, a tendency to lower IgG titers that may reflect
milder disease and clinical benefit in cardinal symptoms of
COVID-19 associated with tissue damage: anosmia/hyposmia and
cough. These results are in line with emerging evidence from tri-
als in Bangladesh [10,11] and Argentina [12] showing a faster
viral clearance in treated participants, as well as with recent data
from a SARS-CoV-2 hamster model from Institute Pasteur which
also showed a marked sex dichotomy in the effect of ivermectin
on anosmia/hyposmia [24].

Pending confirmation of these results, this pilot sheds some light
on the potential mechanism of action of ivermectin against COVID-
19. Note the trial was not powered to detect modest differences in
viral load, yet a small effect is suggested when viral load was ascer-
tained directly by PCR and indirectly using IgG titers as markers of
disease severity [25,26]. Also, in this pilot ivermectin has not short-
ened the duration of symptoms associated with systemic inflamma-
tion such as fever or malaise, nor has it had a measurable impact on
systemic inflammatory markers.

Given these findings, consideration could be given to alternative
mechanisms of action different from a direct antiviral effect. One
alternative explanation might be a positive allosteric modulation of
the nicotinic acetylcholine receptor caused by ivermectin and leading
to a downregulation of the ACE-2 receptor and viral entry into the
cells of the respiratory epithelium and olfactory bulb [27].

Another mechanism through which ivermectin might influence
the reversal of anosmia is by inhibiting the activation of pro-inflam-
matory pathways in the olfactory epithelium. Inflammation of the
olfactory mucosa is thought to play a key role in the development of
anosmia in SARS-CoV-2 infection [28].

Ivermectin is known to downregulate the expression of several
pro-inflammatory genes, including those of IL-8, TNF-a, and catheli-
cidin LL-37 [29]. This effect is thought to partially explain the efficacy
of ivermectin in the treatment of rosacea [29,30]. The effect on LL-37
might be particularly important, as this molecule directly influences
several pro and anti-inflammatory pathways, including the stimula-
tion of IL-18 and IL-1b production, and has a chemotactic effect for
neutrophils and eosinophils [31]. This effect might be mediated by
inhibiting the entrance of the vitamin D receptor (VDR) into the
nucleus [32]. Ivermectin inhibits importins of the a/b family, which
play a key role in the ligand-independent transportation of the VDR,
a crucial step in the vitamin D-mediated expression of the hCAMP18
gene, which encodes the LL-37 precursor [33-35]. It is possible that
the inhibition of importins may thus contribute to the immune regu-
latory effect of ivermectin, and its influence on other vitamin D-medi-
ated pathways, supporting further studies in this area.

Albeit requiring confirmation, these results raise several impor-
tant questions. If the mechanism of action of ivermectin against
COVID-19 is related to a nicotinic effect, then inhibitory concentra-
tions for this receptor (which are in the nanomolar range) could be
achievable in the lung tissue for a short period of time with oral dos-
ing and for considerably longer periods with nebulized therapy [36].
Please cite this article as: C. Chaccour et al., The effect of early treatmen
patients with non-severe COVID-19: A pilot, double-blind, placebo-contr
org/10.1016/j.eclinm.2020.100720
If the mechanism is immunomodulatory, then the appropriate dose
and regimen should be tailored accordingly. Before considering
higher or multiple dose schemes, there is also need to better under-
stand the potential role of ivermectin�s metabolites in any observed
effect. Finally, given the tendency to lower IgG titers in the ivermectin
group, there is need to evaluate the potential relationship between
ivermectin treatment, disease severity, inflammation, viral dynamics
and antibody titers; [37,38] particular attention should be paid to the
long-term humoral and cellular immune responses against SARS-
CoV-2 in ivermectin treated patients.

This pilot points towards a potential use of ivermectin in COVID-
19 which warrants further exploration under larger trials, with clini-
cal outcomes in patients with risk factors or more severe disease.
This is of particular importance for settings with limited resources
given ivermectin�s low price, broad availability and scalability of
manufacturing processes.

This pilot has several key limitations that warrant careful inter-
pretation of the results. Firstly, it was designed to explore a potential
signal for the use of ivermectin in COVID-19, not to provide definitive
evidence on the subject, hence its small sample size. Second this pilot
was restricted to subjects with non-severe disease and no risk factors
in whom the treatment was provided in the first 48 h of fever or
cough, this should be taken into consideration for the design of any
confirmatory studies to be conducted. Additionally, the quantification
of the viral load presented is intrinsically limited by heterogeneity in
the samples, even if all were obtained by the same clinicians, stan-
dardization against a human epithelial cell gene would be required to
ensure the viral loads are truly comparable [39].

The positive signal found in this pilot warrants the conduction of
larger trials using ivermectin for the early treatment of COVID-19.
Such trials should include patients with risk factors for severe disease
as well as patients with pneumonia. The potential for a mechanism of
action different to direct antiviral effect also opens the door for pre-
exposure prophylaxis in high-risk groups.
Author contributions

Carlos Chaccour and Aina Casellas had full access to all of the data
in the study and take responsibility for the integrity of the data and
the accuracy of the data analysis.

Conceptualization: CCh, NRR, MFA
Data curation: CCh, AC, JB
Formal analysis: AC, CCh, FH, VS
Funding acquisition: CCh, NRR
Investigation: CCh, AB, IP, AFM, PRC, MAR, MRM, CJI, FC, MG, EL,

JCG, JRY, JLD, GR, BS, MFA
Methodology: CCh, AC, FC, CD, GM, FH, GR, BS, MFA
Supervision: CCh, BS, GR, MFA
Writing - original draft: CCh, AC
Writing - review & editing: all authors contributed, reviewed and

approved the last draft.
Funding

Idipharma SL (Noain, Spain) contributed with in kind placebo tab-
lets. This study was supported by ISGlobal and the University of Nav-
arra. CCh, PRC, MAR, FH and NRR received salary support from
Unitaid through the BOHEMIA grant to ISGlobal. ISGlobal acknowl-
edges support from the Spanish Ministry of Science and Innovation
through the “Centro de Excelencia Severo Ochoa 2019�2023”; Pro-
gram (CEX2018�000,806-S), and support from the Generalitat de
Catalunya through the CERCA Program.
t with ivermectin on viral load, symptoms and humoral response in
olled, randomized clinical trial, EClinicalMedicine (2021), https://doi.

https://doi.org/10.1016/j.eclinm.2020.100720
https://doi.org/10.1016/j.eclinm.2020.100720


ARTICLE IN PRESS
JID: ECLINM [m5G;January 14, 2021;12:06]

C. Chaccour et al. / EClinicalMedicine 00 (2021) 100720 9
Data availability

Upon publication, all data supporting the results will be archived
in a public repository accessible at http://diposit.ub.edu/dspace/han
dle/2445/101776

Declaration of Competing Interest

JLDP reports speaker fees from Pfizer and MSD as well as research
grants from Novartis, outside the scope of the submitted work. No
other competing interests were disclosed

Acknowledgments

We thank the patients who participated in this study and the
nursing staff of the emergency room and technicians of the microbi-
ology lab of the Clínica and the Biobank, Universidad de Navarra for
their dedication to this study.

Supplementary materials

Supplementary material associated with this article can be found
in the online version at doi:10.1016/j.eclinm.2020.100720.

References

[1] WHO. COVID-19 Weekly epidemiological update - 15 December 2020. Available
at https://www.who.int/publications/m/item/weekly-epidemiological-update—
15-december-2020 (Accessed December 21, 2020).

[2] Rubin R. Difficult to determine herd immunity threshold for COVID-19. JAMA
2020;324(8):732.

[3] Fontanet A, Cauchemez S. COVID-19 herd immunity: where are we? Nat Rev
Immunol 2020;20(10):583–4.

[4] WHO. Newsroom - coronavirus disease (COVID-19): vaccines. Available at https://
www.who.int/news-room/q-a-detail/coronavirus-disease-(covid-19)-vaccines
(accessed December 21, 2020).

[5] Wagstaff KM, Sivakumaran H, Heaton SM, Harrich D, Jans DA. Ivermectin is a spe-
cific inhibitor of importin alpha/beta-mediated nuclear import able to inhibit rep-
lication of HIV-1 and dengue virus. Biochem J 2012;443(3):851–6.

[6] Barrows NJ, Campos RK, Powell ST, et al. A screen of FDA-approved drugs for
inhibitors of Zika virus infection. Cell Host Microbe 2016;20(2):259–70.

[7] Mastrangelo E, Pezzullo M, De Burghgraeve T, et al. Ivermectin is a potent inhibi-
tor of flavivirus replication specifically targeting NS3 helicase activity: new pros-
pects for an old drug. J Antimicrob Chemother 2012;67(8):1884–94.

[8] Caly L, Druce J, Catton M, Jans D, KMW. The FDA-approved drug ivermectin inhib-
its the replication of SARS-CoV-2 in vitro. Antiviral Res 2020;178:104787.

[9] Chaccour C, Brew J, Garcia-Basteiro A. Ivermectin and COVID-19: how a flawed
database shaped the pandemic response of several Latin-American countries.
Available at: https://www.isglobal.org/en/healthisglobal/-/custom-blog-portlet/
ivermectin-and-covid-19-how-a-flawed-database-shaped-the-covid-19-
response-of-several-latin-american-countries/2877257/0 (Accessed Nov 2020).

[10] Clinical trial of ivermectin plus doxycycline for the treatment of confirmed
COVID-19 infection. NCT04523831. Available at: https://clinicaltrials.gov/ct2/
show/results/NCT04523831 (accessed Nov 2020).

[11] Ahmed S, Karim MM, Ross AG, et al. A five day course of ivermectin for the treat-
ment of COVID-19 may reduce the duration of illness. Int J Infect Dis 2020.

[12] Krolewiecki A, Lifschitz A, Moragas M, et al. Antiviral effect of high-dose ivermec-
tin in adults with COVID-19: a pilot randomised, controlled, open label, multi-
centre trial. http://dx.doi.org/10.2139/ssrn.3714649 (accessed Nov 2020).

[13] Rajter JC, Sherman MS, Fatteh N, Vogel F, Sacks J, Rajter JJ. Use of ivermectin is
associated with lower mortality in hospitalized patients with coronavirus disease
2019: the ICON study. Chest 2020.

[14] Chaccour C, Ruiz-Castillo P, Richardson MA, et al. The SARS-CoV-2 Ivermectin
Navarra-ISGlobal Trial (SAINT) to evaluate the potential of ivermectin to reduce
COVID-19 transmission in low risk, non-severe COVID-19 patients in the first
48 h after symptoms onset: a structured summary of a study protocol for a ran-
domized control pilot trial. Trials 2020;21(1):498.
Please cite this article as: C. Chaccour et al., The effect of early treatmen
patients with non-severe COVID-19: A pilot, double-blind, placebo-contr
org/10.1016/j.eclinm.2020.100720
[15] European_Medicines_Agency. EMA decision of 18 December 2012 on the grant-
ing of a product-specific waiver for ivermectin. http://www.ema.europa.eu/docs/
en_GB/document_library/PIP_decision/WC500138600.pdf (accessed july 2015).

[16] Rhee C, Kanjilal S, Baker M, Klompas M. Duration of SARS-CoV-2 infectivity: when
is it safe to discontinue isolation? Clin Infect Dis 2020 https://academic.oup.com/
cid/advance-article/doi/10.1093/cid/ciaa1249/5896916.

[17] Benefield AE, Skrip LA, Clement A, Althouse RA, Chang S, Althouse BM. SARS-CoV-
2 viral load peaks prior to symptom onset: a systematic review and individual-
pooled analysis of coronavirus viral load from 66 studies. medRxiv 2020
2020.09.28.20202028.

[18] He X, Lau EHY, Wu P, et al. Temporal dynamics in viral shedding and transmissi-
bility of COVID-19. Nat Med 2020.

[19] Lauer SA, Grantz KH, Bi Q, et al. The incubation period of coronavirus disease 2019
(COVID-19) from publicly reported confirmed cases: estimation and application.
Ann Intern Med 2020;172(9):577–82.

[20] Gomez-Ambrosi J, Silva C, Galofre JC, et al. Body mass index classification misses
subjects with increased cardiometabolic risk factors related to elevated adiposity.
Int J Obes (Lond) 2012;36(2):286–94.

[21] Bray M, Rayner C, Noel F, Jans D, Wagstaff K. Ivermectin and COVID-19: a report in
antiviral research, widespread interest, an FDA warning, two letters to the editor
and the authors' responses. Antiviral Res 2020:104805.

[22] Arshad U, Pertinez H, Box H, et al. Prioritization of anti-SARS-Cov-2 drug repur-
posing opportunities based on plasma and target site concentrations derived
from their established human pharmacokinetics. Clin Pharmacol Ther 2020;108
(4):775–90.

[23] Hoffmann M, Mosbauer K, Hofmann-Winkler H, et al. Chloroquine does not
inhibit infection of human lung cells with SARS-CoV-2. Nature 2020;585
(7826):588–90.

[24] de Melo GD, Lazarini F, Larrous F, et al. Anti-COVID-19 efficacy of ivermectin in
the golden hamster. bioRxiv 2020 2020.11.21.392639.

[25] Marklund E, Leach S, Axelsson H, et al. Serum-IgG responses to SARS-CoV-2 after
mild and severe COVID-19 infection and analysis of IgG non-responders. PLoS
One 2020;15(10):e0241104.

[26] R€oltgen K, Powell AE, Wirz OF, et al. Defining the features and duration of anti-
body responses to SARS-CoV-2 infection associated with disease severity and out-
come. Sci Immunol 2020;5(54):eabe0240.

[27] Changeux j-p, Amoura Z, Rey F, Miyara M. A nicotinic hypothesis for Covid-19
with preventive and therapeutic implications. C R Biol 2020;343(1):33–9.

[28] Torabi A, Mohammadbagheri E, Akbari Dilmaghani N, et al. Proinflammatory
cytokines in the olfactory mucosa result in COVID-19 induced anosmia. ACS
Chem Neurosci 2020;11(13):1909–13.

[29] Schaller M, Gonser L, Belge K, et al. Dual anti-inflammatory and anti-parasitic
action of topical ivermectin 1% in papulopustular rosacea. J Eur Acad Dermatol
Venereol 2017;31(11):1907–11.

[30] Thibaut de M�enonville S, Rosignoli C, Soares E, et al. Topical treatment of rosacea
with ivermectin inhibits gene expression of cathelicidin innate immune media-
tors, LL-37 and KLK5, in reconstructed and ex vivo skin models. Dermatol Ther
(Heidelb) 2017;7(2):213–25.

[31] Kahlenberg JM, Kaplan MJ. Little peptide, big effects: the role of LL-37 in inflam-
mation and autoimmune disease. J Immunol 2013;191(10):4895–901.

[32] Han A, Singh R, Robinson-Bostom L, Vezeridis M, Weinstock M, Moore R. MeTC7,
a novel vitamin D receptor (VDR) antagonist, induces cytotoxicity in metastatic
melanoma cell lines and inhibits importin-mediated VDR nuclear transport and
signaling. J Am Acad Dermatol 2015;72(5):AB172.

[33] Wagstaff KM, Sivakumaran H, Heaton SM, Harrich D, Jans DA. Ivermectin is a spe-
cific inhibitor of importin a/b-mediated nuclear import able to inhibit replication
of HIV-1 and dengue virus. Biochem J 2012;443(3):851–6.

[34] Miyauchi Y, Michigami T, Sakaguchi N, et al. Importin 4 is responsible for ligand-
independent nuclear translocation of vitamin D receptor. J Biol Chem 2005;280
(49):40901–8.

[35] Gombart AF. The vitamin D-antimicrobial peptide pathway and its role in protec-
tion against infection. Fut Microbiol 2009;4(9):1151–65.

[36] Chaccour C, Abizanda G, Irigoyen-Barrio A, et al. Nebulized ivermectin for COVID-
19 and other respiratory diseases, a proof of concept, dose-ranging study in rats.
Sci Rep 2020;10(1):17073.

[37] Liu Y, Yan LM, Wan L, et al. Viral dynamics in mild and severe cases of COVID-19.
Lancet Infect Dis 2020;20(6):656–7.

[38] Cevik M, Tate M, Lloyd O, Maraolo A, Schafers J, Ho A. SARS-CoV-2, SARS-CoV, and
MERS-CoV viral load dynamics, duration of viral shedding, and infectiousness: a
systematic review and meta-analysis. Lancet Microbe 2020 https://doi.org/
10.1016/S2666-5247(20)30172-5.

[39] Dahdouh E, Lazaro-Perona F, Romero-Gomez MP, Mingorance J, Garcia-Rodriguez
J. Ct values from SARS-CoV-2 diagnostic PCR assays should not be used as direct
estimates of viral load. J Infect 2020.
t with ivermectin on viral load, symptoms and humoral response in
olled, randomized clinical trial, EClinicalMedicine (2021), https://doi.

http://diposit.ub.edu/dspace/handle/2445/101776
http://diposit.ub.edu/dspace/handle/2445/101776
https://doi.org/10.1016/j.eclinm.2020.100720
https://www.who.int/publications/m/item/weekly-epidemiological-update
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0002
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0002
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0003
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0003
https://www.who.int/news-room/q-a-detail/coronavirus-disease-(covid-19)-vaccines
https://www.who.int/news-room/q-a-detail/coronavirus-disease-(covid-19)-vaccines
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0005
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0005
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0005
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0006
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0006
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0007
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0007
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0007
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0008
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0008
https://www.isglobal.org/en/healthisglobal/-/custom-blog-portlet/ivermectin-and-covid-19-how-a-flawed-database-shaped-the-covid-19-response-of-several-latin-american-countries/2877257/0
https://www.isglobal.org/en/healthisglobal/-/custom-blog-portlet/ivermectin-and-covid-19-how-a-flawed-database-shaped-the-covid-19-response-of-several-latin-american-countries/2877257/0
https://www.isglobal.org/en/healthisglobal/-/custom-blog-portlet/ivermectin-and-covid-19-how-a-flawed-database-shaped-the-covid-19-response-of-several-latin-american-countries/2877257/0
https://clinicaltrials.gov/ct2/show/results/NCT04523831
https://clinicaltrials.gov/ct2/show/results/NCT04523831
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0011
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0011
http://dx.doi.org/10.2139/ssrn.3714649
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0013
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0013
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0013
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0014
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0014
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0014
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0014
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0014
http://www.ema.europa.eu/docs/en_GB/document_library/PIP_decision/WC500138600.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/PIP_decision/WC500138600.pdf
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1249/5896916
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1249/5896916
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0017
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0017
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0017
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0017
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0018
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0018
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0019
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0019
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0019
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0020
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0020
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0020
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0021
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0021
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0021
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0022
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0022
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0022
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0022
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0023
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0023
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0023
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0024
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0024
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0025
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0025
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0025
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0026
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0026
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0026
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0026
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0027
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0027
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0028
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0028
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0028
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0029
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0029
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0029
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0029
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0030
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0030
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0030
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0030
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0030
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0031
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0031
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0032
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0032
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0032
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0032
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0033
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0033
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0033
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0033
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0033
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0034
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0034
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0034
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0035
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0035
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0036
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0036
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0036
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0037
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0037
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0038
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0038
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0038
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0038
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0039
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0039
http://refhub.elsevier.com/S2589-5370(20)30464-8/sbref0039
https://doi.org/10.1016/j.eclinm.2020.100720
https://doi.org/10.1016/j.eclinm.2020.100720

	The effect of early treatment with ivermectin on viral load, symptoms and humoral response in patients with non-severe COVID-19: A pilot, double-blind, placebo-controlled, randomized clinical trial
	1. Introduction
	2. Methods
	2.1. Patients
	2.2. Study design and oversight
	2.3. Clinical, laboratory and virological monitoring
	2.4. Outcome measures
	2.5. Sample size justification
	2.6. Statistical analysis
	2.7. Post hoc analyses

	3. Results
	3.1. Patient characteristics
	3.2. Primary endpoint
	3.3. Viral load
	3.4. Viral culture
	3.5. Symptoms
	3.6. Serology
	3.7. Safety
	3.8. Post hoc analyses

	4. Discussion
	Author contributions
	Funding
	Data availability
	Declaration of Competing Interest
	Acknowledgments
	Supplementary materials
	References



