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Supplementary Material

S1. Experimental details
S51.1. Identification of potential repurposing candidates

To identify compounds and their SARS-CoV-2 antiviral potency and pharmacoki-
netic data, we performed a literature search on PubMed, Google Scholar, BioRxiv, and
MedRxiv. The following search terms were used for in vitro activity data - (COVID-19 or
SARS-CoV-2) and (EC50). In addition, the Stanford University Coronavirus Antiviral &
Resistance Database (Stanford Coronavirus Antiviral & Resistance Database (CoVDB)),
the NIH National Center for Advancing Translational Science database (Data Browser
(nih.gov)) were used to identify and extract additional in vitro SARS-CoV-2 efficacy data.
For pharmacokinetic data search the terms Cmax or pharmacokinetics was used in combi-
nation with the drug name for drugs with reported anti-SARS-CoV-2 activity. Additional
clinical pharmacokinetic data were obtained from the US Food and Drug Administration
(FDA) and the European Medicines Agency (EMA) factsheets.

51.2. In vitro determination of antiviral activity
51.2.1. In vitro assays using Vero cells and Calu-3 cells

Vero cells were sourced from American Type Culture Collection (ATCC CCL-81) and
maintained at 37°C with 5% CO: in Dulbecco’s Modified Eagle’s Medium (DMEM;
Welgene), supplemented with 10% heat-inactivated fetal bovine serum (FBS) and 1X An-
tibiotic-Antimycotic solution (Gibco). Calu-3 cells were sourced from the American Type
Culture Collection (ATCC HTB-55) and maintained at 37°C with 5% CO2 in Eagle's Min-
imum Essential Medium (EMEM, ATCC), supplemented with 20% heat-inactivated fetal
bovine serum (FBS), 1X non-essential amino acids (NEAA) and 1X Antibiotic-Antimycotic
solution (Gibco).

Vero cells were seeded at 12,000 cells per well in DMEM, supplemented with 2% FBS
and 1X Antibiotic-Antimycotic solution (Gibco) in black 384-well, uClear plates (Greiner
Bio-One), 24 h prior to the experiment. Calu-3 cells were seeded at 20,000 cells per well in
EMEM, supplemented with 20% FBS, 1X nonessential amino acids (NEAA) and 1X Anti-
biotic-Antimycotic solution (Gibco) in black 384-well, pClear plates (Greiner Bio-One), 24
h prior to the experiment.

SARS-CoV-2 (BCoV/KOR/KCDC03/2020, NCCP43326) was provided by the Korea
Disease Control and Prevention Agency (KDCA). Viruses were propagated in Vero cells
and viral titers were determined by plaque assays. Each drug was added to the cells prior
to the virus infection. Ten-point DRCs were generated, with compound concentrations
ranging from 0.05-50 uM. For SARS-CoV-2 infection, plates were transferred into the BSL-
3 containment facility and virus was added at a multiplicity of infection (MOI) of 0.0125
for Vero cells or 0.3 for Calu-3 cells.

The infected cells were fixed at 24 hpi for Vero or 48 hpi for Calu-3 in 4% PFA with
0.25% Triton X-100 and scored by immunofluorescence analysis with an antibody specific
for the viral N protein of SARS-CoV-2. The confocal microscope images (Perkin Elmer
Operetta CLS) were acquired for both viral N protein and cell nuclei then used to generate
a dose-response curve (DRC) for each drug. The acquired images were analyzed (Perkin
Elmer Columbus software) to quantify cell numbers and infection ratios, and antiviral
activity which were normalized to positive (mock no virus with 0.5% DMSO) and negative
(virus with 0.5% DMSO) controls in each assay plate. DRCs were fitted by sigmoidal dose-
response models, with the following equation: Y = Bottom + (Top - Bottom)/(1
+(C50/X)Hillslope), using XLfit 5.5 Software or Prism?7. IC50 values were calculated from
the normalized activity dataset-fitted curves. All IC50 and CC50 values were measured in
duplicate, and the quality of each assay was controlled by Z'-factor and the coefficient of
variation in percent (%CV).
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Pgp-efflux inhibition assays were run using similar protocols including 2 uM (final
concentration in well) of CP-100356 (Sigma-Aldrich) added simultaneously to the tested
drug.

All experiments using SARS-CoV-2 at Institut Pasteur Korea were performed in com-
pliance with the guidelines of the KNIH, using enhanced Biosafety Level 3 (BSL-3) con-
tainment procedures in laboratories approved for use by the KDCA.

51.2.2. In vitro assays using A549-Dual™ hACE2-TMPRSS2 cells

A549-Dual™ hACE2-TMPRSS2 cells obtained by Invitrogen (Cat. a549d-cov2r) were
cultured in DMEM 10% FCS (Hyclone) supplemented with 10 pg/ml blasticidin
(Invivigen, ant-bl-05), 100 pg/ml hygromycin (Invivogen, ant-hg-1), 0.5 pg/ml puromycin
(Invivogen, ant-pr-1) and 100 pg/ml zeocin (Invivogen, ant-zn-05). For antiviral assay,
cells were seeded in assay medium (DMEM 2%) at a density of 15,000 cells/well. One day
after, compound was serially diluted in assay medium (DMEM supplemented with 2%
v/v FCS) and cells were infected with the SARS-CoV-2-B.1.1.7 (Alpha variant) strain at a
MOI of approximately 0.05 TCIDso/cell. The MOI was kept comparable for the variant
strains in the different experiments. On day 4 pi., differences in cell viability caused by
virus-induced CPE or by compound-specific side effects were analyzed using MTS as de-
scribed previously [1].

The results of in vitro antiviral experiments were expressed as EC50 values defined
as the concentration of compound achieving 50% inhibition of the virus-reduced eGFP
signals as compared to the untreated virus-infected control cells.

51.3. Ex-vivo determination of antiviral activity in Human Airway Epithelia (HAE)
51.3.1. Ex vivo HAE model — KU Leuven

Viral infection

Bronchial HAEC (catalogue no. EP01MD) from healthy donors were provided by Ep-
ithelix company (Geneva, Switzerland) in an air-liquid interphase set-up and treated as
described elsewhere [2]. On day 0 of the experiment, the HAEC were first pre-treated for
1 h with basal medium containing compounds, followed by infection with SARS-CoV-
2_B.1.1.7 at 5x1072 TCIDso/insert virus input in 100 uL MucilAIR medium. After 1.5 hours
incubation at 37°C the virus input was removed and at 24 h p.i. an apical wash with Mu-
cilAir medium was collected. Every other day from day 0, subsequent apical washes were
collected, whereas compound-containing medium in the basolateral side of the H(s)AEC
culture was refreshed. Wash fluid was stored at -80°°C until analysis by RT-qPCR.

RNA extraction and quantitative reverse transcription-PCR (RT-qgPCR)

Viral RNA in the apical wash was isolated using the Cells-to-cDNA II cell lysis buffer
kit (Thermo Fisher Scientific, catalogue no. AM8723). Briefly, 5 uL. wash fluid was added
in 50 pL lysis buffer, incubated at room temperature (RT) for 10 min and then at 75-C for
15 min. 150 uL nuclease-free water was additionally added to the mixture prior to RT-
qPCR. Together with the samples, a ten-fold serial dilution of the corresponding virus
stock was extracted to later generate a standard curve for the RT-qPCR. Based on this
standard curve the amount of viral RNA can be expressed as median Tissue Culture in-
fective dose (TCID50) equivalents per insert (TCID50eq/insert), and the lowest point of
the linear part of the standard curve (highest Ct value) determines the lower limit of quan-
tification (LLOQ). The fold reduction of viral load is calculated by dividing the amount of
vRNA of an infected-untreated control with the amount of vRNA of the infected-treated
sample. The RT-qPCR was performed using iTaq universal probes one-step kit (Bio-Rad,
catalogue no. 1725141), and a commercial mix of primers for N gene, manufactured at IDT
Technologies (catalogue no. 10006606). The reaction (final volume: 20 puL) consisted of 10
UL one-step reaction mix 2x, 0.5 pL reverse transcriptase, 1.5 uL of primers and probes
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mix, 4 pL nuclease-free water, and 4 uL viral RNA. The RT-qPCR was executed on a Light-
cycler 96 thermocycler (Roche), starting at 50°C for 15 min and 95°C for 2 min, followed
by 45 cycles of 3 sec at 95°C and 30 sec at 55°C.

S1.3.2. Ex vivo HAE model — UVE Marseille

Mucilair™ human airway epithelia (HAE) are reconstituted epithelia composed with
human primary cells at low passage (P1) which are fully differentiated and functional.
The HAE used in the present study have been reconstituted from primary cells of bron-
chial biopsies of a 56-year-old Caucasian female donor or a 55-year-old African female
donor both with no reported pathologies. HAE were purchased from Epithelix SARL, Ge-
neva, Switzerland [3]. They were maintained at air liquid interface in a serum free specific
media (Mucilair media from Epithelix SARL, Geneva, Switzerland). After being washed
with pre-warmed OptiMEM medium (Life technologies), human airway epithelia were
infected with SARS-CoV-2 at the apical side using a MOI of 0.1, as previously described
[3,4]. The SARS-CoV-2 strain used for these studies was derived from a German SARS-
CoV-BavPat1/2020 isolate (hCoV-19/Germany/BY-ChVir-929/2020; EPI_ISL_406862; 2020-
01-28, kindly provided by C. Drosten, Charité, Berlin, Germany or through European Vi-
rus Archive GLOBAL (https://www.european-virus-archive.com/). The virus stock used
for this experiment was produced as previously described [3].

Cells were cultivated in a basolateral medium that contained the repurposed drug or
remdesivir (positive control) at different concentrations or with no drug (virus control).
Each day, medium was renewed, and samples were collected by washing the apical side
with 200uL of pre-warmed OptiMEM medium. Infectious titers were determined at day
3 or 4 depending on the experiment by TCIDso, described below. Experiments with infec-
tious virus were performed in a biosafety level 3 laboratory.

51.4. In vivo efficacy in hamster

In vivo efficacy of drugs was assessed in two different hamster models of SARS-CoV-
2 infection as described below (1.4.1 and 1.4.2). The hamster model of SARS-CoV-2 infec-
tion was chosen as the most relevant in vivo model for these studies. Indeed, features as-
sociated with SARS-CoV-2 infection in Syrian Golden hamsters recapitulate many char-
acteristics found in humans with mild SARS-CoV-2 infections. The presence of viral anti-
gens in nasal mucosa, bronchial epithelial cells and areas of lung have been detected after
2-3 days following intranasal infection that cause inflammation as well as type I interferon
dysregulation in both respiratory and non-respiratory tissues including the heart and kid-
ney. This is followed by rapid viral clearance and pneumocyte hyperplasia seven days
after inoculation. Viral antigens in epithelial cells of the duodenum, and viral RNA in
feces were also detected. In addition, SARS-CoV-2 was transmitted efficiently from inoc-
ulated hamsters to naive hamsters by direct contact [5-7].

Although it had shown some positive impact in human, remdesivir was not used as
a control in the hamster studies. Its intravenous route of administration and its poor
plasma stability in rodent — possibly responsible for its lack of efficacy in hamsters — made
it a poor control candidate in this animal model. Indeed, when injected intraperitoneally
at a dose of 20.5mg/kg QD from the day of infection to 2 dpi, little significant effect on
lung viral RNA yields and surprisingly no significant effect on lung infectious titers were
observed in sacrificed animals at 3 dpi. These results are in line with other preclinical in-
vestigations using remdesivir as a control compound in rodent studies [8,9]. Sheahan et
al. for example showed that “GS-5734 has relatively poor plasma stability in mice (half-
life of <5 min) due to the expression of a secreted carboxylesterase 1c (Ceslc) absent in
humans” [10]. This is the reason why a genetically modified mouse system (Cesc-/- knock-
out) was used for experiments using SARS-CoV; in this system, plasma stability of GS-
5734 was markedly increased (half-life of around 25 min). Pruijssers et al. used the same
genetically modified mice to show efficacy [11]. It is important to note that the
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carboxylesterase 1c (Ceslc) gene is conserved in rat (Rattus norvegicus) and the Syrian
hamster (Mesocricetus auratus /Accession number: XM_013119896). Taken together, these
data suggest that remdesivir is not a suitable control for Syrian hamster experiments and
this explain the lack of data available regarding its efficacy in the hamster model.

S1.4.1. SARS-CoV-2 hamster model - KU Leuven

Hamster and infection

Experimental details of the first hamster infection model were described before
[12,13]. Briefly, female Syrian hamsters (Mesocricetus auratus) were purchased from
Janvier Laboratories and kept per two in individually ventilated isolator cages (IsoCage
N Bio-containment System, Tecniplast) at 21°C, 55% humidity and 12:12 day/night cycles.
Housing conditions and experimental procedures were approved by the ethics committee
of animal experimentation of KU Leuven (license P065-2020). For infection, female ham-
sters of 6-8 weeks old were anesthetized with ketamine/xylazine/atropine and inoculated
intranasally with 50 uL containing 2x106 TCIDso of SARS-CoV-2 Wuhan strain or 104
TCIDso of SARS-CoV-2 Beta variant B.1.351 (day 0). On day 4 pi, animals were euthanized
for sampling of the lungs and further analysis by i.p. injection of 500 pL Dolethal (200
mg/mL sodium pentobarbital, Vétoquinol SA). All caretakers and technicians were
blinded to group allocation in the animal facility.

Treatment regimen

Hamsters (as n=6 per group) were treated by oral gavage (except favipiravir, which
was given intraperitoneally, amodiaquine and ivermectin that were given both with oral
and subcutaneous administration) with either the vehicle or the drug at selected doses
once or twice daily (depending on the determined pharmacokinetic profile determined in
hamsters) starting from DO, just before the infection with the selected variant. All the treat-
ments continued until day 3 pi. Hamsters were monitored for appearance, behavior and
weight. At day 4 pi, hamsters were euthanized by i.p. injection of 500 pL Dolethal
(200mg/mL sodium pentobarbital, Vétoquinol SA). Lungs were collected and viral RNA
and infectious virus were quantified by RT-qPCR and end-point virus titration, respec-

tively as described before [14].
Histology

For histological examination, the lungs were fixed overnight in 4% formaldehyde and
embedded in paraffin. Tissue sections (5 pm) were analyzed after staining with hematox-
ylin and eosin and scored blindly for lung damage by an expert pathologist. The scored
parameters, to which a cumulative score of 1 to 10 was attributed, were the following:
congestion, intra-alveolar hemorrhagic, intra-alveolar edema, apoptotic bodies in bron-
chus wall, necrotizing bronchiolitis, perivascular edema, bronchopneumonia, perivascu-
lar inflammation, peribronchial inflammation and vasculitis.

Sample size calculation

For in vivo antiviral efficacy, we want to detect at least 1 1og10 reduction in viral RNA
levels in treated subjects compared to the untreated, infected control group. Group size
was calculated on the independent t-test with an effect size of 2.0 and a power of 80%
(effect size = delta mean/SD = 1 log10 decrease in viral RNA/0.5 log10), resulting in 5-6
animals/group. Sample sizes maximized considering limits in BSL3 housing capacity,
numbers of animals that can be handled under BSL3 conditions, and availability of com-
pounds.

S1.4.2. SARS-CoV-2 hamster model — UVE Marseille

Hamster
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The second model used in these studies involved three-week-old female Syrian ham-
sters and was previously described in the literature [3,15-18]. Briefly, animals provided by
Janvier Labs were weighed/monitored daily and maintained in ISOcage P - Bioexclusion
System (Techniplast) with unlimited access to water/food and 14h/10h light/dark cycle.
General anesthesia was obtained with isoflurane (Isoflurin®, Axience). Euthanasia, which
was also realized under general anesthesia, was performed by cervical dislocation. These
experiments were approved by the ethical committee of Marseille (C2EA—14) and the
French ‘Ministere de 1'Enseignement Supérieur, de la Recherche et de I'Innovation’
(APAFIS#23975).

Hamster infection and treatment regimen

Four-week-old anesthetized animals (n=6) were intranasally infected with 50uL con-
taining 104 TCIDso of SARS-CoV-2 strain BavPatl (https://www.european-virus-ar-
chive.com/; Ref: 026V-03883) in 0.9% sodium chloride solution. Hamsters were orally
treated with either of the drugs to be assessed in the appropriate formulation (solution,
suspension or emulsion), at the appropriate concentration, prepared from the sourced ac-
tive principal ingredients (API). The control groups were orally or intranasally inoculated
with the corresponding vehicle.

Experimental analysis

Tissue collection, quantitative real-time RT-PCR (RT-qPCR) assays, tissue-culture in-
fectious dose 50 (TCIDso) assays and histology were all performed as previously described
[3,15-17].

Sample size calculation

Group size was calculated with an effect size of 2 and a power of 80%, resulting in 6
animals/group. Sample sizes were maximized within the capacity of the BSL3 housing,
and compound and virus stock availability. Animals were randomly assigned to groups
but confounders were not controlled. Since the same experimenters carried out infec-
tion/treatment/clinical follow-up, it was impossible to perform a blind trial. Blind trials
were performed only for the evaluation of lung histopathological changes. Predefined hu-
mane endpoints (>20% weight loss, moribund and a scoring >10 calculated according to a
clinical evaluation scale) were set as exclusion criteria. No animals were excluded from
the study.

51.5. Graphical representations and statistical analysis

Graphical representations and statistical analyses for both SARS-CoV-2 hamster mod-
els were performed with Graphpad Prism 7 (Graphpad software). Two-sided statistical
analysis was performed using Shapiro-Wilk normality test, Fisher's exact test, Student t-
test, Mann-Whitney test, Welch's test, one-way and two-way ANOVA with Post-hoc
Dunnett’s multiple comparisons test. P-values lower than 0.05 were considered statisti-
cally significant. Statistical details for each experiment are described in the figure legends
of the corresponding Supplementary Materials. Experimental timelines were created on
biorender.com.Pharmacokinetic and Pharmacodynamic studies in hamster

Table S1. Experimental conditions for in vivo efficacy studies in SARS-CoV-2 hamster models.

Drug administered Rou'te of ?dmm- Formulation Total dose Freque-ncy/
istration (mg/kg/day) Duration
A lh hlo-
mbroxori dé’droc © Oral gavage  30% PEG 400,70% MilliQ water 100 BID / 3 days
Oral cavace: 1% methylcellulose in water or
Amodiaquine BAVAEE: 109, PEG400 / 5% Tween80 aque- 50;75;100 QD /4 and 5 days

Sub-cutaneous

ous solution
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0.5% CMC-Na and 0.5% Tween-

AT-527 Oral gavage 80 in water 300; 500 BID / 3 days
Atazanavir (ritonavir- 1% citric acid solution (37°C pH
1 2 BID 4
boosted) Oral gavage 1.7 or pH 2.2) 96 (32) / 3 and 4 days
100% MilliQ water (pH of the
Camostat mesylate Oral gavage formulation 5.5-6) 200 BID / 4 days
Cepharantine Oral gavage 30% PEG 400,70% MilliQ water 100 QD / 4 days
Clofazimine Oral gavage Corn oil 25 QD /4 days
Daclatasvir Oral gavage 0.09% Sodium chloride solution 50 BID / 3 days
Favipiravir Intraperitoneal 3% sodium bicarbonate in water ~ 600; 925 BID / 3 and 4 days
Fluoxetine hydrochlo- 10% w/v hydroxypropyl-beta-cy- _ = _
ride Oral gavage clodextrin (HP-B-CD) in water 10; 50; 100 QD/3and 4 days

Physiologic saline acidified with
Fluvoxamine maleate Oral gavage 5% (v/v) solution of hydrochloric 100,400  QD, BID /3 and 4 days

acid 1IN at a final pH of 4.0
1 10% PEG4 % T -
Ivermectin Oral gavage, 0% PEG400/5% WeenSO aque 0.4 Single dose, QD / 4 days
Subcutaneous ous solution
o, [¢) : _
Molnupiravir Oral gavage |07 PEGA00and 2.5% Kolliphor- 5 300 400 BID /3 and 4 days
EL in water
- . 5% DMSO, 95% PBS containing
Nelfinavir Intraperitoneal 59 PEG-400 and 5% Tween-80 100 BID / 4 days
. . 10% [Tween 80, 80% EtOH (70:30
Nitazoxanide Oral gavage v/v)] and 90% distilled water 500 BID /3 and 4 days
Nirmatrelvir Oral gavage 40%PEG400 (v/v) in water 250; 500 BID / 3 and 4 days
. 5% ethanol, 55% PEG400, 40% 50
Sofosbuvir Oral gavage Tl el (5L 100 QD /3 days
Table S2. Experimental conditions for pharmacokinetic studies in female Golden Syrian hamster.
Drug Dose Fre- PK sam- PK sam- Hamster
. o Drug as- . .. total (per .
adminis- RoA» Food Formulation (mg/kg) quency/ plingtime ples per Matrix
sayed . . dose; rep-
tered b duration points (h) hamsterc
licates)
Am- 30% PEG . _—
broxol* Ambroxol Oraal gea- Fasted 400,70% Mil- 3138 ! S(;r;ie 1 2Oé 225' o4 ? (?Za?el)p li- Plasma
HCL vag 1iQ water e
2 mg/mL in
Amodia- water (pH
. . Oral ga- ) 0, 0.25, 0.5, e
Amodia- quine/N-de- o b Fased 2010 qg50 SBle 45y g0 o 2GR b a
quine sethylamodi- mg/mL in dose licate)
. cutaneous 24,48
aquine water (pH
3.46)
0.5% CMC- : 0.25,0.5,1, o
AT527  AT273 OB Ragied Naand05% 000 SM8 54 gqp g REHR b
vage 250 dose licate)
Tween-80 24
B o) e ;
nit?: ?ri Oral ga slo/l‘)uig:(g;l"c(li 24/8; rsrtzilie f(: 025,05 1, 12 (3; tri
VT Atazanavir 897 Pasted 48/16; Pe3,46,812, 57 77 "P Plasma
tonavir- vage pH 1.7 or pH doses licate)

boosted) 2.2) 96/32 (BID)d 24




Microorganisms 2021, 10, 1639

7 of 60

H
Drug Dose Fre- PK sam- PK sam- amster
. o Drug as- . .. total (per .
adminis- RoA» Food Formulation (mg/kg) quency/ plingtime ples per Matrix
sayed ) . dose; rep-
tered b duration points (h) hamsterc
licates)
30% PEG ) .1
Cepbar- Cepharantine Oral ga- Fasted 400,70% Mil- 3;30;  Single 0,05, 9 (3; tripli- Plasma
antine vage . 100 dose 1,2,6,12,24 cate)
1iQ water
70:30
Tween20/EtO
... Hmixture )
('Zlo.— Clofazimine Oral ga- ad libi- (10%) dis- 525; 125 Single 0.5,1,3,6,24, 1 72 F24, Plasma
fazimine vage tum . dose 72,144,240 triplicate) (Lung)
solved in
Milli-Q water
(v/v)
) 0.25,0.5,1, o
Daclfatas- Daclatasvir Oral ga- Fasted Saline 1;5;25 Single 2,3,6,12, 5-7 12 _(3' trip- Plasma
vir vage dose 04 licate)
ingl 12 (6 f
0.4% Carbox- digi rel 4 01,025, 100 ﬁg?l:g
Fav1P1- Favipiravir Oral ga- Fasted ymeth?zl cel- 241; 481; multiple 04,05,1,2, 5-8 QDand3 Plasma
ravir vage lulose in wa- 753 3,4,6,8,12,
ter doses 04 for other;
(BID)d triplicate)
10% w/v hy-
e droxypropyl- . 005
F11.10xe- Fluoxetine; Oral ga- beta-cy- 1;10;  Single 9.083; 0.25; 18 (6; trip- Plasma
tine - Norfluoxe- Fasted . 0.5;1;2;4; 5 .
HCL s vage clodextrin 100 dose 8: 24: 30- 48 licate) (Lung)
(HP-B-CD) in e
water
- o,
Fluvox _ Oralga adlibi- C2°NaCl 00, Single 05,1,3,612, 54 (18; Plasma
amine Fluvoxamine (pH 4.06) in 1 .
vage tum 100 dose 24 triplicate) (Lung)
maleate water
Oral ga-
vage, Sub- DMSO: . e
Iver.mec Ivermectin cutaneous Fasted PEG400: Wa- 0.1; 0.4 singlle 025, 0.9, 1, 7 12 _(3' trip Plasma
tin . dose 2,6,12,24 licate)
admin- ter (1:7:2)
istration
10% PEG400
: _ RO o, _ . . : .
Mol . EIDD-1931 Oral ga- ad libi ar.1d 2.5% K'ol 20; 75, Single 0.5,1,2,6,12, 1 ?4 .(18, Plasma
nupiravir vage tum liphor-ELin 200 dose 24 triplicate)
water
Intraperi 5% DMSO, Single 12 (3 sin-
. . P 95% PBS con- and mul- 0.5,1, 2, 6, gle dose, 6
Nelfinavi . . toneal ad- L. 10; 50; . .
. Nelfinavir ministr Fasted taining 5% 50 BID tiple 12,125,13, 6 multiple Plasma
o a PEG-400 and doses 24,48 doses,
5% Tween-80 (BID)d triplicate)
10% [Tween i\lol)t:
% EtOH
Nitazoxa- .. . Oral ga- 80, 80% EtO nide 25; Single 0.25,0.5,1, 12 (3; trip-
) Tizoxanide Fasted (70:30 v/v)] 5-7 ) Plasma
nide vage *7100; 500 dose 2,4,6,12 licate)
and 90% dis- _..
Tizoxa-

tilled water nide 100
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H
Drug Dose Fre- PK sam- PK sam- amster
. o Drug as- . .. total (per .
adminis- saved RoA» Food Formulation (mg/kg) quency/ plingtime ples per dose: rep- Matrix
tered y b duration points (h) hamsterc . P
licates)
5% ethanol, 12 (6 for
o,
Sofos-  Sofosbuvir; Oral ga- S EHC T, 10; 50;  Single 2l 10 mg/kg,
. Fasted 40% 50 mM 2,4,8,12, 5-8 3 for Plasma
buvir  GS-331007 vage . 100 dose
citrate buffer 24 other;
(pH 3) triplicate)
2 Route of administration.
® Dose (mg/kg) refers to free drug.
¢ excluding pre-dose.
4 BID dosing (0 and 12h) for one day.
Table S3. Bioanalytical conditions for pharmacokinetic studies in hamster.
Samp- ood Detec- Flow Injec- LLOQ
Drug BIOO(_l sam- ling thin- tion Sample cleanup LC Column[mL/mi  Mobile Phase tion (ng/m
assayed pling vol- Plat- nl Vol. )
ume form [pL]
API400
0 inte-
grated
pricking lat- to Shi- Protein precipita- A - 0.1% FA in wa-
Am eral saphe- ~ 80 He madzu tion (A CpN l'IZ)) & Kinetex Bi- ter
brony TOUS vein L riIr)la LC & aoueous Yioten Phenyl 1 B/IC-01%FAin 10 06l
with a 26G blood CTC- ((%' 1) techniques 2.1*30mm 40:40:20:MeCN:MeO
needle PAL ' 1 H:water
au-
tosamp
ler
LC-
rickine lat MS/CMS Protein precipita-
e T o tion (ACN), centrif- ACQUITY
Amodi- nous ‘I: i L KeEDT BI Tri ugation (3220g, for UPLC HSS 0.65 A:0.1% FA in water; 3 10
aquine oL s Eguaz 1545 minat4°C) & T318um ~  B:0.1%FA in ACN ‘
needle 6500 2dueous dilution 2.1 x 50 mm
(1:1) techniques
plus
Protein precipita-
o tion (ACN/MeOH
irrl;lk;zg;zt' %0 M];fM ¢ (2575, viv), centrif- ACQUITY
AT-273 nous 3ein L K:EDT AK_Q ugation (3220g, for UPLC HSS 0.65 A:0.1% FA in water; 20
with 2 26G blp q Tran 15+5min at4°C) & T31.8 um B:0.1% FA in ACN ’
neeadle o0 65?)8 aqueous dilution 2.1 x 50 mm
(1:1), process done
on ice
pricking lat- ~ 80 LC-  Protein precipita- A:0.1% FA & 2mM
Ataza- K:EDT ACQUITY
o eralsaphe- pL -~ MS/MS tion (ACN), centrif- UPSC heg 06 HCOONH4inwa- 3 10
nous vein blood - ugation (3220g, for ter/ACN (95:5);
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- Detec- Inj
Drug Blood sam SlaiI:P Blood t?(t)jlc Flow :?oe: LLOQ
8 ] 8 thin- Sample cleanup LC Column[mL/mi  Mobile Phase (ng/m
assayed pling vol- Plat- Vol.
ner n] L)
ume form [uLl]
with a 26G AU_Tri 15+5 min at 4°C) & T3 1.8 um B:0.1% FA & 2mM
needle ple  aqueous dilution 2.1 x 50 mm HCOONH4 in
Quad (1:10 or 1:5) ACN/water (95:5)
6500
Plus
API400
0 inte-
grated
pricking lat- to Shi- . . A -0.1% FA in wa-
eral saphe- ~ 80 madzu Protein precipita- Kinetex Bi- ter
ienp;‘;e nous vein L Hreiia' LC & zoﬁe(?u(;ljﬂ{lfl)of: henyl, 08  B/C-01%FAin 20 0.6l
with a 26G blood CTC- 8. 1) techniques 2.1*30mm 40:40:20:MeCN:MeO
needle PAL SULSSEERES H:water
au-
tosamp
ler
APL ACQUITY
Aorta punc- 4000-4 UPLC C18- A:0.1% Formic acid
Clo- ture follow- IGEDT MS/MS Centrifugation =~ BEH Col- in UP (ultra-pure
fazimin inginhala- 1 mL ’ (3000g for 10 min atumn, 100A, 0.25 water) and B: 0.1% 3 2.5
. A (quad- . o
e tion anes- u 5°C) 1.7 um, 2.1 Formic acid in ace-
thesia mm X 50 tonitrile (ACN)
poles)
mm
LC-
rickine lat MS/MS Protein precipita- A:0.1% FA & 2mM
i o Saghe - tion (ACN), centrif- ACQUITY HCOONH4 in wa-
Daclat Hous xI/)ein L K:EDT AU_Tri ugation (3220g, for UPLC HSS 0.6 ter/CAN (95:5); 3 10
svir A T bchl)od A ple 15+5minat4°C) & T3 1.8 um ’ B:0.1% FA & 2mM ’
needle Quad aqueous dilution 2.1 x 50 mm HCOONH4 in
6500 (1:2 or 1:20) ACN/water (95:5)
Plus
. Protein precipita-
P rrlacf;;‘gizt 0 Vi o (ACN), centrif- ACQUITY
Favipi- ous 3ein L K:EDT AK_Q ugation (3220g, for UPLC HSS 0.65 A:0.1% FA in water; 4 10
ravir H —=< 15+5minat4°C) & T318um ~  B:0.1% FA in ACN ‘
with a 26G blood Trap —
needle 6500 2dueous dilution 2.1 x 50 mm
(1:5 up to 1:200)
API450
pricking lat- 0 inte- . . A -0.1% FA in wa-
eral saphe- ~ 80 grated Protein precipita- ter
Fl - Hepa- hi- tion (A 1: YMC Triart
e ROV WL e diution 20%0mm | PIC-01%FAI 20 061
with a 26G blood q , ' 40:40:20:MeCN:MeO
LC&  (1:1) techniques
needle CTC H:water

PAL
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- Detec- Inj
Drug Blood sam SlaiI:P Blood ;:‘);C Flow :?oerf LLOQ
8 ] 8 thin- Sample cleanup LC Column[mL/mi  Mobile Phase (ng/m
assayed pling vol- Plat- Vol.
ner n] L)
ume form [uLl]
au-
tosamp
ler
tu(;e ?olillcl)w 4000-4 Centrifugation T3 Column A:0.1% Formic acid
Fluvox- o inhala- 1 mL SCEPTMSMS 5000 for 10 min at 1004, parti- 0.4 0 UF (ltrapure 0
amine . A (quad- ) water) and B: ace-
tion anes- 5°C) cle size :1.8 L
. ru- tonitrile (ACN)
thesia les) pum, 2.1 mm
po X 50 mm
LC-
rickine lat MS/MS ACQUITY A:0.1% FA & 2mM
P ral's gha - 80 Protein precipita- UPLC Pro- HCOONH4 in wa-
Tver- engusapeirel | KEDT AR _Trition (ACN), centrif-tein BEHC4 | ter/ACN (95:5); s 10
mectin with aVZ G bl%o d A ple ugation (3220g, for 300A 1.7 ’ B:0.1% FA & 2mM '
needle Quad 15t5min at4°C) um 2.1 x 50 HCOONH4 in
6500 mm ACN/water (95:5)
plus
ACQUITY
M(_)l_ Aorta punc- APL UPLC HSS A: 10 mM ammo-
nupirav 4000-4 . . . .
. ture follow- Centrifugation T3 Column, nium acetate in UP
irme- . . K:EDT MS/MS . o .
., inginhala- 1 mL (3000g for 10 min at100A, parti- 0.4  (ultra-pure water) 2 1.0
tabolite . A (quad- . Y
tion anes- 5°C) cle size :1.8 and B: acetonitrile
(EIDD- } ru-
1931) thesia oles) pm, 2.1 mm (ACN)
P X 50 mm
APT400
0 inte-
grated
pricking lat- to Shi- . . A -0.1% FA in wa-
eral saphe- ~80 madzu Protein precipita- ter
Nevlﬁna nousvein L P [cg tion (ACSI\dLi 11:t6i) ff YZN([)%EE‘;‘:' 1 B/C-01%FAin 20 0.1
with a 26G blood CTC- Ej‘(‘}fll‘;(’t‘;chniuugs ' 40:40:20:MeCN:MeO
needle. PAL ' d H:water
au-
tosamp
ler
Protein precipita-
Nita- LC- tion (ACN), centrif-
zo.>(<ia— prlclkmg}iat— . MS/MS uga;;;o(lZfOOO or .c QUITY
fuce eralsaphe K:EDT _ 578 OF  UPLC HSS A:0.1% FA in water;
metab- nousvein uL Al_Tri- 15min+3220g for 5 . 3 1.0
. . . T3 1.8 ym B:0.1% FA in ACN
olite with a26G blood ple min at 4°C) &
i o 2.1 x 50 mm
(Tizoxa needle Quad aqueous dilution
nide) 5500 (1:10 or 1:100)
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- Detec- Inj
Drug Blood sam SlaiI:P Blood ;:‘);C Flow :?oerf LLOQ
8 & thin- Plat Sample cleanup LC Column[mL/mi  Mobile Phase Vol (ng/m
ner form n] [uL] L)
A ITY
Aorta punc APL- UIsl?CUHSS
P 4000-4 . A: 0.1% Formic acid
ture follow- IGEDT MS/MS Centrifugation T3 Column, in UP (ultra-pure
ing inhala- 1 mL ? (3000g for 10 min at 1004, parti- 0.4 P 4 1.25
A (quad- _ water) and B: ace-
5°C) cle size :1.8 .
ru- tonitrile (ACN)
les) pm, 2.1 mm
po X 50 mm
LC-
ricking lat- MS/MS Protein precipita-
iral Saghe - tion (ACN), centrif- ACQUITY
P K2EDT AU_Tri ugation (3220g, for UPLC HSS 0.6 A:0.1% FA in water; 4 10
A ple 15+5min at4°C) & T3 1.8 um ’ B:0.1% FA in ACN ’

Quad aqueous dilution 2.1 x 50 mm
6500 (1:5)
Plus

Drug concentrations were quantified by HPLC-MS/MS operated in positive ionization mode. FA,
formic acid.; ACN, acetonitril ; MeOH, methanol; LLOQ, lower limit of quantification.

51.6. Population pharmacokinetic modeling
51.6.1. Population pharmacokinetic modeling in hamster

For each drug, plasma concentration — time profiles from satellite pharmacokinetic
(PK) studies in hamster were pooled and analyzed using a nonlinear mixed-effects mod-
eling approach in NONMEM, v7.4 (Icon Development Solution, Ellicott City, MD, USA).
Throughout the model development process, the first-order conditional estimation
method with interactions (FOCE-I) was used. Automation and diagnostics were facili-
tated by the use of Pirana v2.9.9, Pearl-speaks-NONMEM (PsN, v5.2) and R v4.0.3. Con-
centrations measured to be below the lower limit of quantification (LLOQ) were omitted.
The objective function value (OFV), calculated by NONMEM, was used to discriminate
between two competing hierarchical models. A significant improvement of a model was
indicated by a decrease in OFV of >-3.84 and > -10.84 at a p-value of < 0.05 and < 0.001,
respectively (1 degree of freedom difference).

Parent and metabolite (if available) data were analyzed simultaneously. Complete in
vivo conversion of parent to metabolite was assumed to maintain structural identifiability.
One-, two-, and three compartment models were evaluated to describe the structural dis-
position model for each drug. Different absorption models were explored, including first-
order and zero-order absorption models with and without lag time. If sufficient PK data
in the absorption phase was available, transit compartment absorption models were eval-
uated as a more mechanistic description of delayed absorption [19]. For fluoxetine, a
model incorporating a first-pass effect was evaluated. Generally, intravenous data in ham-
ster were not available and hence relative bioavailability (F) was fixed to unity. If multiple
PK samples per hamster were collected, inter-individual variability (IIV) in PK parameters
was included and estimated with an exponential model where appropriate. If only one
PK sample per hamster was collected, IIV was fixed to zero and only residual variability
was estimated. Residual unexplained variability was implemented as an additive error on
the log-transformed observed concentrations. Examples of structural models, including
model parameterizations, are provided in the Supplementary Materials (Fig. S18 and S19).
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In order to improve the translational aspect of the model, body weight (centered on
the median value of each hamster cohort) was implemented a priori as an allometric func-
tion on all clearance (exponent 0.75) and volume (exponent 1) parameters. Dose was eval-
uated as a covariate (centered on the median dose) on all absorption and elimination clear-
ance parameters. If PK data at more than two dose levels was available, exponential and
power PK parameter-dose relationships were explored. A categorical function was ap-
plied if only two dose levels were tested. The effect of different routes of administration
(subcutaneous vs oral) was modelled as a categorical variable. The covariate evaluation
was performed stepwise: in the forward step, covariates were included at a statistical sig-
nificance level of p = 0.05 (AOFV = -3.84), followed by a more stringent backward elimi-
nation step (p = 0.001, AOFV=-10.83).

Basic goodness-of-fit diagnostics were used to evaluate descriptive performances of
the models and to identify potential model misspecifications. Predictive performances of
the final models were evaluated by prediction-corrected visual predictive checks (n =
1000). Parameter precision (relative standard errors and 95% confidence intervals) were
obtained using the sampling importance resampling procedure [20].

51.6.2. Population pharmacokinetics in human

For each investigated drug, a literature search was performed to identify available
pharmacokinetic information in human [21]. Briefly, if a population pharmacokinetic
model was published, the structural PK parameters as well as IIV and covariates were
used as reported for simulations (see below). When more than one population pharmaco-
kinetic model was available, the model based on a dense sampling schedule and/or a
greater number of participants was selected. If a population PK model was not available,
results from a non-compartmental PK analysis were used to derive key PK parameters,
namely absorption rate constant (approximated by using the time to peak concentration),
elimination clearance and total volume of distribution. To this purpose, a one-compart-
ment disposition model with first order-absorption was assumed. Alternatively, pub-
lished PK data in human was digitized (WebPlotDigitizer 4.5) and modelled in NONMEM
as described for hamster.

S2. Results
52.1. Selected repurposed drug candidates for further evaluation

Table S4. Summary of literature data for prioritized compounds selected for preclinical assess-

ments.
Com- SARS-
CoV-2  Host cell Drug status (Indication) References
pound
ECso (UM)
Initial list of approved compounds selected
Nitazoxa- 1.0 Vero E6 Approved [22]
nide 2.1 Vero E6 (Diarrhea caused by Giardia lamblia) [22]
2.0 Vero E6 [23]
Ataza- 0.2 A549 Approved [23]
navir 9.36 Vero E6 (HIV -in combination with other medications) [24]
>50 Vero [25]
>10 Vero [26]
Sofo§— 51 TRTE . A.p.prov?d o [26]
buvir (Chronic hepatitis C -in combination)
7.3 Calu-3 [26]
Daclatas- 0.8 Vero Approved [26]
Vir 0.6 HuH-7 (Chronic hepatitis C) [26]
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Com- SARS-
CoV-2  Host cell Drug status (Indication) References
pound
ECso (uM)
1.1 Calu-3 [26]
1.6 Vero CCLS81 [27]
0.6 Huh?7.5 [27]
Amodia- B2 Vero Approved [25]
quine >50 Calu-3 (Malaria -in combination with Artesunate) [28]
10 Vero E6 [29]
4.9 Vero E6 [30]
>100 Vero E6 [31]
446 Vero E6 [17]
>500 Vero [25]
Favipi- >50 Vero E6 Abpbroy [32]
?avi‘ o4 VErOEG/TM (Ir}:fll)uzn;:) [33]
PRSS2
117 Vero E6 [34]
62 Vero E6 [35]
>20 Vero [36]
Ivermec- 2.0 Approved [37]
i 1.7 Vero E6 (Intestinal strongyloidiasis and onchocerciasis, [22]
2.3 Vero E6 head lice and rosacea) [38]
Clo- 031  VeroE6 Approved [39]
fazimine (Leprosy)
0.048 Vero [40]
L VeroE6/TM Approved
Nelfinavir 0.77 " presy (HIV -in combination) [33]
2.89 Vero E6 [41]
>100 Vero E6 [31]
Ritonavir >50 Vero E6 Approved [32]
8.6 VeroE6/TM (HIV) [40]
PRSS2
Additional approved or experimental compounds selected
AT-527* (]?Jé:)) HAE Clinical [42]
Approved
Ceg?g;an 0.35 Ve;(;{ESZZTM (Radiation-induced leukopfenia, alopecia areata, and alopecia ES}
pityrodes)
1.25 Vero [44]
0.69 Vero E6 Approved [45]
Fluoxe- 0.82 Calu-3 (Acute and maintenance treatment of Major Depressive Disor- [45]
tine HEK293T- der, obsessive Compulsive Disorder, Bulimia Nervosa, acute
6.0 ACE2- treatment of Panic Disorder, with or without agoraphobia) [46]
TMPRSS2
Fluvox- HEK293T- Approved
amine 10.5 ACE2- (Obsessions and compulsions in patients with obsessive compul- [46]
TMPRSS2 sive disorder)
Colchicine Not re- Approved Literature source

ported

(Familial Mediterranean fever and acute gout flares)

reporting SARS-
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SARS-
CoV-2  Host cell Drug status (Indication) References
ECso (uM)

Com-
pound

CoV-2 ECs0 not
found

Approved
(Secretolytic therapy, Prophylaxis and treatment of Infant respir-
Ambroxol  >30 Vero E6 atory distress syndrome, Prophylaxis and treatment of postoper- [47]
ative bronchopulmonary complications, Pain relief in acute sore
throat)
Approved
21.7 Vero E6 (Secretolytic therapy, Alteration in the production or elimination [47]
of mucus — acute sinusitis, chronic sinusitis, Sjogren’s syndrome)
n.a. Vero Approved [48]
0.083 Calu-3 (chronic pancreatitis and postoperative reflux esophagitis) [48]

Bromhex-
ine

Camostat

Emergency use authorization (EUA)
(Treatment of mild-to-moderate coronavirus disease / COVID-19
in adults with positive results of direct SARS-CoV-2 viral test-
0.1 Calu-3  ing, and who are at high risk for progression to severe COVID- [49]
19, including hospitalization or death, and for whom alternative
COVID-19 treatment options authorized by the FDA are not ac-
cessible or clinically appropriate)

Mol-
nupiravir

Emergency use authorization (EUA)
Paxlovid (nirmatrelvir tablets and ritonavir tablets, co-packaged
for oral use)
Treatment of mild-to-moderate coronavirus disease (COVID-19)
MRC-5 in adults and pediatric patients (12 years of age and older [50]
weighing at least 40 kilograms or about 88 pounds) with positive
results of direct SARS-CoV-2 testing, and who are at high risk
for progression to severe COVID-19, including hospitalization or

Nirma-
trelvir

death)
0.050 A549-ACE [49]
Brequinar 2550 1?1?1?7_25 Clinical ﬁg}
0.12 Vero E6 [51]
Thiogua- . Appr'oved . .
nine 213 Vero E6  (Acute nonlymphocytic leukemias and chronic phase of chronic [52]
myelogenous leukemia)
Originally preclinical candidate anti-androgen compound devel-
Proxalu- 0.097 LNCaP oped for oncology [53]
tamide Cells Approved in Paraguay for the treatment of COVID-19 in July
2021
Probene- 075 Vero E6 Approved [54]
cid 0.0013 NHBE (Hyperuricemia associated with gout and gouty arthritis) [>4]
n.a. Vero E6 [55]
Aypamucd Literature source
Pentoxi- Not re- . .. . . . reporting SARS-
Pl e (Intermittent Claudlcat.lon caused b}.l chronic occlusive arterial CoV-2 ECs not
disease of the limbs) found

*AT-511, free base of AT-527 used.
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For a number of compounds antiviral in vivo activity in mice or hamster SARS-CoV-2 infection
models has been reported, which was considered during the selection: amodiaquine [29], daclatas-
vir [56], favipiravir [13,17], molnupiravir [57], mefloquine [58], nelfinavir [58], thioguanine
[581, ivermectin [59], clofazimine [39], nirmatrelvir [50], and probenecid [54]. Of note, mol-
nupiravir and nirmatrelvir are novel targeted agents showing clinical efficacy.2.2. In vitro activ-

ity for repurposed drug candidates

Table S5. Summary of generated in vitro data for prioritized compounds selected for preclinical

assessments.
VER 11
Average I(é ce(+/s SD) Selectivity Index Calu-3 A549-Dual™
8 pl\fl" (Vero cells) cells SI hACE2- SI
Compound - - - - Average (Calu-3 TMPRSS2 cells (A549
P:/;t;:;::p x::PPiip P:/;t;:;::p x::PPiip ICso (+/- cells) Average ECso cells)
) " SD -SD
inhibitor  hibitor inhibitor  hibitor -2 MM (+/- SD) uM
Bemnifosbuvir (AT-
527/AT-511) >25 >25 ND ND >50 ND >50 ND
(experimental cpd)
. 45.5 . 24.0
Atazanavir (+-7.9) >50 >2.2 ND 21 >2.4 (+-37) >2.1
. 19.8
Daclatasvir *7.6 >2.5 >6.6 *24 .4 1.5 >50 T<0.1
(+/-4.1)
Favipiravir (FAV) >50 >50 ND ND >50 ND >100 ND
Molnupiravir 26.0 2.6 3.6
>1. >19. . >1. .
(+/-11.6) (+/-1.2) 1.9 19.4 27.8 1.8 (+-1.5) >13.9
EIDD-1931 (mol- 1.5 1.3 3.6 0.47
>32 >37 >14 >1
nupiravir metabolite) (+/-0.8) (+/-0.4) 3 3 (+/-3.7) (+/-0.10) 06
. . 5.5 . 12.8 3.2
. > >35. T2.
Nelfinavir (+-2.7) 1.6 9 >32 (+-12) 3.9 (+/-0.4) 2.1
3.4 <0.05 0.3 0.11**
i lvi >7.4 > >7 >2000**
Nirmatrelvir (+/-1.5) (+/-0.0) 500 (+-0.1) 6 (+/-0.60) 000
Sofosbuvir >50 >50 ND ND >50 ND >50 ND
Ambroxol >50 >50 ND ND >50 ND >50 ND
Amodiaquine *8.8 *2.6 >5.7 >19 >50 ND >50 ND
Cepharanthine 4.5 1.9 9.7 17.2 >50 ND > 50 T<0.1
Camostat mesylate >50 >50 ND ND *3.0 >16.9 >50 ND
5.9 8.4 2.4
lofazimi 2 4 2 .1
Clofazimine (+-0.5) 0 8 08 (+/-0.06) 3 (+/-0.43)
Colchicine 8.4 3.7 Ly 2.8 *NA T+NA *NA T+N.A
7.7 5.6 21
1 T|
Fluoxetine (+/-4.0) (+/-2.4) 3.7 >4.4 (+/-5.7) 2.3 > 50 0.1
Fluvoxamine maleate *26 *32.6 >1.9 >1.5 >50 ND 39.9 >1.2
(+/-10.1)
43 1.1 8.9
1 T T + T,+
Ivermectin (+/-2.4) (+/-0.08) 2.6 5.4 (+/-4.1) 3.9 NA NA
13.2
fl i *5.7 *2. T3, 76.2 >3. > T<0.1
Mefloquine 5 8 3.6 6 (+-3.2) 3.8 50 0
6.3 3.4 13.6
Nit id >7.9 >14.7 3.1 >100 ND
Hazoxamide (+-05)  (+/-2.0) (+/-5.3)
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VER 11
Average I(éce(#s SD) Selectivity Index Calu-3 A549-Dual™
5 p.lVSIO (Vero cells) cells SI hACE2- SI
Compound : : : : Average (Calu-3 TMPRSS2 cells (A549
P‘;]p;t;::rl:p x:ppip P‘;]p;t;::rl:p x:ppip ICso (+/- cells) Average ECso cells)
i " SD)uM /- SD) uM
inhibitor  hibitor  inhibitor  hibitor s & s
Tizoxanide (Nitazoxa- 7.2 . 14.3 .
nide metabolite) (+/-0.74) 23 >7 >217 (+/-2.4) 14 >100 ND
Pentoxyfilline >50 >50 ND ND >50 ND >50 ND
Probenecid >50 >50 ND ND >50 ND >50 ND
Proxalutamide 30.3 21.5 1<1.6 1<2.3 *14.5 ND >50 1<0.4

*One replicate only; ™: Toxicity observed; +NA: no sigmoidal curve; ND: not determined,; ** Ab-
delnabi et al., 2022 [60].2.3. Ex vivo activity for repurposed drug candidates

Table S6. Summary of generated ex vivo data for prioritized compounds selected for preclinical as-
sessments.

HAEC/ALI (alpha variant)

HAEC/ALI (BavP i
Log Viral Load Reduction at 4 dpi C/ALI (BavPat variant)

Compound Log Viral titer Reduction at 4 dpi

Compound concentration (Compared to Virus Control and Back- (Compared to Virus Control)
(uM) ground)
Average (+/-SD) n>2 Activity Average (+/-SD) n>2  Activity
Bemnifosbuvir 1 -0.35 (+-1.2) NO 0,36 (+-085) NO
(AT-5.27/AT-511) (ex- 03 / / 2038 (+-0.18) NO
perimental cpd)
0.1 / / -0.12 (+-0.4) NO
Atazanavir 10 / / 0.09 (+-0.64) NO
Daclatasvir 10 0.17 (+-0.84) NO / /
Favipiravir (FAV) 300 -0.4 (+/-0.2) NO / /
10 5.4 (+-1.5) YES / /
Molnupiravir 3 1.9 (+-1.3) SYES -4.62 (+-0) YES
1 / / -2.37 (+-0.26) YES
0.3 / / -0.39 (+-0.48) NO
10 *Inc / / /
EIDD-1931
(molnupiravir metabo- 3 “Inc / *-2.89 (+-0.45) YES
lite) 1 “Inc / *-0.26 (+-0.69) NO
0.3 / / *-0.29 (+-0.44) NO
Nelfinavir 10 3.2 (+-1.4) YES / /
. 5 / / *-1.56 (+-0.22) YES
M8 (nelfn;avu‘ metabo- 25 / / +20.93(+-0.41) NO
ite) 125 / / *_0.68 (+-0.56) NO
1 >3.8 YES / /
Nirmatrelvir [60] 0.1 1.9 (+-1.6) SYES / /
0.03 -0.30 (+-0.41) NO / /
Sofosbuvir 10 -0.56 (+-0.10) NO / /
Ambroxol 10 *-1.0 (+-0.71) NO / /
Amodiaquine 10 / / -0.51 (+-1.60) NO
Cepharanthine 10 *0.92 (+-0.97) NO
Camostat mesylate 10 *>1.7 YES
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Clofazimine 10 / / -0.54(+-014) NO
Colchicine 10 *-0.2 (+-0.44) NO
Fluoxetine 10 -0.12 (+-0.10) NO 0.68 (+-0.11) NO
Fluvoxamine maleate 10 “Inc / 0.2(+-0.1) NO
Ivermectin 10 >4.09 Toxic / /
Mefloquine 10 0.45 (+-2.02) NO / /
Nitazoxanide 5 / / -1.59 (+-0.72) Yes
Pentoxyfilline 10 / / 0.17(+-0.32) NO
Probenecid 10 0.34 (+-1.0) NO / /
Proxalutamide 10 / / 0.11 (+-0.6) NO

*Readout at 3 dpi; *Inc: Inconclusive; T: Toxicity observed; §Variability observed (concentrations
likely to be at the efficacy threshold).2.4. Protein binding and in vitro activity for repuposed drug
candidates

Table S7. Protein binding and in vitro activity for repurposed drug candidates.

in vitro activity (A549-ACE2TMPRSS2

Protein binding cells)

Fraction Fraction un- Fraction Reference, ICso  ICso [uM], ICso [uM],
Dru unbound in bound in unbound in plasma pro- ICso [uM], [uM], bound, bound, hu-
8 assay medi- plasma, plasma, hu- tein bind- medium® un- hamster man plas-
um?® (%) hamster (%) man (%) ing boundc plasma¢ mad
Ambroxol 95.4 12,5 23.8 gp  DNDUIM gy a4 s >200
house
DNDi in-
Amodiaquine  87.8 9.6 6.7 gp DNDiin 550  >439  >457 >655
house
Amodiaquine
metabolite (N- Not availa- Not Literature
. 75(5-10)¢ 7.5 (5-10) speci- >100  >100 >108 >108
desethylamodi- ble fied [61]
aquine)
DND:i in- >50
AT-273 99.1 95.5 57.8 ED >49.6 >52 >86
house (AT-511)
DNDi in-
Atazanavir 34.8 20.0 86 pp house&lit- 8.35 2 60
(alone) erature (hu-
man) [62]
DNDi in-
Cepharantine  64.3 1.80 2 gp DNDiin 550 >322  >1786  >1608
house
Clofazimine 0.3 <0.1f 01 Bp PNPIM o0 g0 7 7.11
house
DNDi in-
Daclatasvir 20.9 55 1 gp lowse&lit g 05 >190 >1045
erature (hu-
man) [63]
DNDi in-
h & lit-
Favipiravir 99.3 82.1 46 ED UMY 100 >993 121 >216
erature (hu-
man) [64]
Fluoxetine 68.2 5.1 48 gp  DNDIM- gy a1 se69 57104

house
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in vitro activity (A549-ACE2TMPRSS2

Protein binding cells)

Fraction Fraction un- Fraction Reference, ICso  ICso [uM], ICso [uM],
unbound in bound in unbound in plasma pro- ICso [uM], [uM], bound, bound, hu-
Drug . A .
assay medi- plasma, plasma, hu- tein bind- medium® un- hamster man plas-
um?® (%) hamster (%) man (%) ing boundc plasma¢ mad
Fluvoxamine  77.1 28.1 25.4 gp DNDIn- 4 30.8 >109 112.1
house
. Not . 2.8 (Vero-
Ivermectin NOtsl‘; aila- 7 7 speci- the[;t]ure hSLAM 2P 40 40
fied cells, [37])
Molnupiravir .
metabolite 99.7 92.7 92.78 ED DEOZ’S;“' 0.47 0.47 0.51 0.51
(EIDD-1931)
Nelfinavir 243 0.1 0.1 gp DNDiin- 4, 0.78 778 778
house
Nirmatrelvir DNDs in-
. 2.1 45. ED .02 .024 . .044
(PF-07321332) 89.8 6 5.5 house 0.025 0.0 0.039 0.0
Nitazoxanide Not availa Not Literature
metabolite ble 1e 1 speci- (6] >100 >100 >10000 >10000
(Tizoxanide) fied
Not | o et
Sofosbuvir 71.6 35¢ 35 speci- >50 >35.8 >102 >102
fied erature (hu-
man) [67]

ED, equilibrium dialysis.

aDND:i in-house data;

?ICso in presence of medium protein (2% serum DMEM media). DNDi in-house data if not other-
wise indicated;.

cunbound ICs, that is ICso corrected for binding to medium protein according to: IC50,unbound =
IC50medium % fu, medium;.

41Cso corrected for protein binding in plasma according to: IC50 bound human= IC50, unbound / fu, plasma, human
and IC50 bound hamster = IC50 unbound / fu, plasma, hamster;.

¢Protein binding only available for human. It was assumed that species differences in protein
binding were negligible;.

fProtein binding was reported as 100% (clofazimine). For the calculation of ICso a1 99.9 % plasma
protein binding was assumed;.

8 Protein binding only available for hamster. It was assumed that species differences in protein
binding were negligible.

52.5. Pharmacokinetic profiles of repurposed drug candidates in Golden Syrian hamster

Plasma concentration time profiles of repurposed drug candidates in female Golden
Syrian hamster are shown below (for experimental details see Table S2). Briefly, groups
of 3 Golden Syrian hamsters were dosed, the average plasma concentration for each time
point and each dose group is reported on a logarithmic scale. The error bars correspond
to the standard deviation.
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Figure S1. Plasma concentration time profile of ambroxol following oral administration (single

dose) of 100 mg/kg (A), 30 mg/kg (M) and 3 mg/kg (@).
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Figure S2. Plasma concentration time profile of amodiaquine following oral administration (single
dose) of 50 mg/kg (A)and 10 mg/kg (8). Plasma concentration time profiles following subcutane-
ous administration of 50 mg/kg (’) and 10 mg/kg (. )-

N-desethylamodiaquine
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Figure S3. Plasma concentration time profile of N-desethylamodiaquine following oral administra-
tion of amodiaquine (single dose) 50 mg/kg (A) and 10 mg/kg (.). Plasma concentration time pro-

files following subcutaneous administration of amodiaquine (single dose) 50 mg/kg (‘) and 10
mg/kg @).
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Figure S4. Plasma concentration time profile of a AT-273 following oral administration (single dose)
of 250 mg/kg per (A), 50 mg/kg (.), and 10 mg/kg (.) AT-527.
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Figure S5. Plasma concentration time profile of atazanavir following oral administration
of 48 /16 mg/kg atazanavir/ritonavir at 0 and 12h (A). Single dose PK profiles following
administration of 96/32 mg/kg (.) and 48/16 mg/kg (.) atazanavir/ritonavir.
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Figure S6. Plasma concentration time profile of cepharantine following oral administration of 100

mg/kg (A), 30 mg/kg (.) and 3 mg/kg (.).
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Figure S7. Plasma concentration time profile of clofazimine following oral administration (single
dose) of 125 mg/kg per (A), 25 mg/kg (M), and 5 mg/kg (.).
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Figure S8. Plasma concentration time profile of daclatasvir following oral administration (single

dose) of 25 mg/kg per (A), 5 mg/kg (M), and 1 mg/kg @).
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Figure S9. Plasma concentration time profile of favipiravir following intraperitoneal administration
(single dose) of 753 mg/kg per (A), 481 mg/kg (M), and 241 mg/kg (@).
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Fluoxetine and Norfluoxetine
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Figure S10. Plasma concentration time profile of fluoxetine / norfluoxetine following PO admin-
istration (single dose) of fluoxetine 1 mg/kg (A/ )10 mg/kg (./ ) and 100 mg/kg (./ )-
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Figure S11. Plasma concentration time profile of fluvoxamine following oral administration (single
dose) of fluvoxamine maleate 100 mg/kg per (A), 20 mg/kg (.), and 4 mg/kg (.).
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Figure S12. Plasma concentration time gofﬂe of ivermectin following oral administration (single
dose) of 0.4 mg/kg per (A 0.1 mg/kg (M). Plasma concentration time profiles following subcuta-
neous administration of 0.4 mg/kg (‘) and 0.1 mg/kg (.).
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Figure S13. Plasma concentration time profile of EIDD1931 following oral administration of mol-
nupiravir (single dose) 200 mg/kg per (A), 75 mg/kg (.), and 20 mg/kg (.).
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Figure S14. Plasma concentration time profile of nelfinavir / nelfinavir metabolite (M8) following
intraperitoneal administration of nelfinavir maleate 10 mg/kg, single dose (A/ ), 50 mg/kg, single
dose (M/ ) and 50 mg/kg, BID (@/ ).
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Figure S15. Plasma concentration time profile of tizoxanide following oral administration of nita-
zoxanide (single dose) 500 mg/kg per (A), 100 mg/kg (M), and 25 mg/kg @).
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Sofosbuvir and metabolite GS-331007
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Figure S16. Plasma concentration time profile of sofosbuvir / sofosbuvir metabolite (GS-331007) fol-
lowing oral administration of sofosbuvir 100 mg/kg (A/ ), 50 mg/kg (./ ) and 10 mg/kg (./

).
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Figure S17. Plasma concentration time profile of pentoxifylline / 1—(5—hydroxyhe§71)—3,7—dime—
thylxanthine (M1).Oral administration of pentoxifylline 60 mg/kg (A/ ), 12mg/kg (8/  )and 2.5
mg/kg (@/ ).

52.6. Pharmacokinetic models in hamster and human

Table S8. Overview of pharmacokinetic models in hamster and human.

mala-
Hamster Human Sn?lu a
Com- tion
d C iat C iat Refer-
POIRE gt ructural PK model OVarlal®  Table Structural PK model ovariate €€ Table
effects? effects ence
All
. ometry 2-cmp, transit com-
m 1-cmp, first order ab-  Dose on F artment (n=1) ab
broxol sorption and elimina- (power) 59 s}:) otion. first order Allometry [68] S10°b Fig.S20
tion Dose on CL pelim;nation
(power)
Allometry Allometry, Age

1-cmp of AQ to 2- 2-cmp of AQ to 3-cmt

Route of ad- on CLag, preg- Pub-
Amodia- cmp of DEAQ, first . . of DEAQ, first order & Pres i .
. ; ministration ef- S11 . . . nancyonab- [69] lished Fig.S521
quine order absorption and absorption and elimi- .
o fect CLag and . sorption lag- model
elimination nation

Ka time



Microorganisms 2021, 10, 1639

25 of 60

mala-
Hamster Human Sn?\u a
Com- tion
d C iat C iat Refer-
POIRE o ructural PK model ovariate Table Structural PK model ovariate €€ Table
effects? effects ence
2-cmp, transit com-
t t ab ti Saturated ab-
AT-p73 PATmeEntabsoipion  sattratedab: g, No human PK data available Fig.522
(n=1), first order elim- sorption model
ination
Ataza . .
navir / 2-cmp, first order ab-  Allometry 1-cmp, first order ab-  Sex on CL Pub-
. sorption and elimina- Dose on Ka S13  sorption and elimina- Body weight on [70] lished Fig.523
. tion (exp) tion Ve model
tonavir
Cephar- 1-cmp, first order ab- 3-cmp, first order ab- 71-
P. sorption and elimina-  Allometry S14  sorption or infusion, Allometry S15°  Fig.524
antine , . . 73]
tion first order elimination
Allometry
Clo 3-cmp, first order ab-  Dose on Ka 2-cmp, lag time, first Pub-
.. sorption and elimina- (exp) S16 order absorption and  Allometry [74] lished Fig.525
fazimine . S
tion Dose on F elimination model
(power)
Body weight,
2- - fol-
2-cmt, first order ab- cmp, Zero' order fo gender, and Pub-
Daclatas . .. lowed by first order ~ race on Vc . .
) sorption and elimina-  Allometry S17 . . [75] lished Fig.526
vir . absorption, first order Gender, race, model
elimination ALT, CrCL on
CL
1-cmp of favipiravir to
2- fi - 1- f M1 metabo- Pub-
Favipi- CmP, irst orqer.ab ! CIIl'p 0 metabo CrCL on CL of ! ub .
. sorption and elimina-  Allometry S18 lite, first order absorp- . [76] lished Fig.S27
ravir ) ) ] M1 metabolite
tion tion, time-dependent model
CL
Allometry
1-cmp fluoxetine, first Dose on CL of . .
) ) 1-cmp fluoxetine, first
order absorption and  fluoxetine .
. order absorption and
Fluoxe elimination (power) climination Pub-
) 1-cmp norfluoxetine, Dose on CL of  S19 ) - [77] lished Fig.528
tine . . . 1-cmp norfluoxetine,
first pass metabolism, norfluoxetine . . model
. . first pass metabolism,
first order elimina- (power) . L.
) first order elimination
tion Dose on FFP
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1- t i -
Fluvox 1-cmp, first order ab- ~ Allometry :ilri’e;f?ri;;(;?
. sorption and elimina- Dose on S20 P . . - [78] S21bt Fig.529
amin . sorption, first order
tion F(power) e
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. sorption and elimina- ministration on S22  tion (n=2), first order ~ Allometry [79] lished Fig.S30
tin . 88
tion F, Ka, and MTT elimination model
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mala-
Hamster Human Sn?u a
Com- tion
d : : N
POURE Structural PK model Covariate Table Structural PK model Covariate  Refer Table
effects? effects ence
Allometry
Mol- 2-cmp, first order ab- lljﬂlszn;itg 1-cmp, first order ab-  Dose on CL
nupiravi sorption and elimina- . 523  sorption and elimina- (exp) [80] S24> Fig.S31
. (exp) :
r tion tion Dose on MTT
(power)
1-cmp nelfinavir, lag
Allometry time. first order ab Allometry
Nelfinay 2-cmp, first order ab- Dose on F (lin- sor tiron and elimina (body weight Pub-
. sorption and elimina- ear) 525 P ) on the clearance [81] lished Fig.532
ir . . tion
tion Dose on Ka (lin- . . of M8) model
1-cmp MBS, linear elim-
ear) ..
Ination
. . . Pub-
Nita- 2-cmp, first order ab-  Allometry 1-cmp, first order ab- lished
zoxa- sorption and elimina- Dose effecton 526 sorption and elimina-  Allometry  [82,83] PBPK Fig.533
nide tion Ka (power) tion modelc
Sex on CLsor,
food on Ka
1-ecmp of SOF to 1-cmp ’
L L
2-cmp of SOF to 1- of G500 to 2-cmp of T O CLa
Sofos- cmp of G007, first or- G007, first order ab- Sexand CrCL Pub-
, P ’ Allometry ~ S27 s HESHOTAEr on CLcor, Sex  [84] lished Fig.S34
buvir  der absorption and sorption with first
on Vcacooz, meth- model

elimination

pass metabolism, first
order elimination

adone co-ad-
ministration on
Kacooz

Abbreviations: ALT; alanine transaminase, AQ: amodiaquine, CrCL: creatinine clearance, DEAQ: N-desethylamodiaquine, G007: GS-331007, G500:

GS-566500, SOF: sofosbuvir

abody weight was taken into account by allometric scaling (standardized to median body weight of hamster for the individual studies) on all clearance
(exponent fixed to 0.75) and volume (exponent fixed to 1) parameters. No allometric scaling was implemented for AT-273 due to model convergence

problems.

b data were digitized and modelled using nonlinear mixed-effects modeling in NONMEM.
¢a one-compartment model was used with pharmacokinetic parameters from an established PBPK model, Ka (0.45 h') was assumed in order to
generate the mean concentration-time profile with a Tmax at approximately 2 hours, as reported in healthy volunteers.

Gut
compartment
(F x Dose)

Kn Transit

compartments

KTR

Central Q/ Ve Peripheral
compartment compartment
(Vc/F) ) Q/ Ve \_ (Vp/F)

CL/V,

Figure S18. Graphical representation of a 2-compartment disposition model (at the example of am-
broxol in human). Absorption from the gut compartment is described by a 1-transit-compartment
absorption model. F is the relative oral bioavailability. Krr is the rate constant between absorption
compartments. Vc is the apparent volume of distribution of the central compartment, Ve is the ap-
parent volume of distribution of the peripheral compartment, Q is the inter-compartmental clear-
ance between the central and peripheral compartments, and CL is the apparent elimination clear-

ance.
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K, x FFP
I CL(parent) |
Gut K, x (1- FFP) Parent central V(parent) Metabolite central
compartment compartment compartment
(F x Dose) (V/F, parent) (V¢ /F, metab.)
CL(metabolite)
V(metabolite)

Figure S19. Graphical representation of a 1-compartment disposition model for both parent and
metabolite (at the example of fluoxetine and its metabolite norfluoxetine). The model incorporates
a first-pass effect where an estimated fraction of the absorbed oral fluoxetine (FFP) was converted
into norfluoxetine during the first-pass hepatic metabolism, while the remaining fraction of fluoxe-
tine (1-FFP) was absorbed unchanged. F is the relative oral bioavailability, KA is the first-order ab-
sorption rate constant, VC is the apparent central volume of distribution, and CL is the apparent
elimination clearance.

Table subscriptions used in the following tables showing pharmacokinetic (PK) parameters for

each drug:
aAbbreviations used in the following tables showing pharmacokinetic (PK) parameters for each
drug.
Pharmacokinetic parameter Description
F Relative extravascular bioavailability
Ka Absorption rate constant
MTT Mean transit time
FFP Fraction undergoing first-pass metabolism
CL/F Elimination clearance
Vc/F Central volume of distribution
Q/F Inter-compartment clearance between the central and peripheral compartments
Ve/F Peripheral volume of distribution
o Variance of the residual error
SC Subcutaneous administration
PO Oral administration

"Population mean parameter estimates and inter-individual variability (IIV) calculated by NON-
MEM. The coefficient of variation (% CV) for the IIV was calculated as 100x\(exp(c? )-1).

¢ Relative standard errors (RSE, %) and 95% confidence intervals (95% Cls) were calculated based
on sampling importance resampling of the final pharmacokinetic model.

Table S9. Parameter estimates of the final population pharmacokinetic model for ambroxol in ham-

ster.
Parameter Population 95% CI 11V, %CV 95% CI
estimate (%RSE) (%RSE) ¢

Pharmacokinetics
F 1 fixed - 32.1 (23.4) 22.3 -50.1
Ka (h1) 4.76 (15.1%) 3.40-6.18 - -
CL/F (mL/h) 4860 (11.3%) 3815 - 6032 - -
V¢/F (mL) 12000 (10.9%) 9740 - 14814 - -
Q/F (mL/h) 1180 (22.5%) 736 — 1795 65.2 (14.3) 449 -87.7
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Vr/F (mL) 16100 (31.6%) 8394 - 28559 167 (19.6) 96.3 — 369
o 0.022 (14%) 0.014 - 0.037

Covariates
Dose effect on F (power) 0.689 (11.1%) 0.524 - 0.832 - -
Dose effect on CL/F (power) 0.289 (17.7%) 0.202 — 0.400 - -

Population estimates are given for a hamster weighting 85g (median weight). Allometric scaling
on all clearance (exponent fixed to 0.75) and volume (exponent fixed to 1) parameters.

Table S10. Parameter estimates of the final population pharmacokinetic model for ambroxol in hu-

man.
Parameter Population 95% CI 11V, %CV 95% CI
estimate (%RSE) (%RSE) ¢
Pharmacokinetics
F 1 fixed - - -
MTT (h) 1.11 (1.8%) 1.07-1.15 - -
CL/F (L/h) 414 (3.0%) 38.6-434 - -
Vc/F (L) 381 (2.8%) 362 — 404 - -
Q/F (L/h) 44.5 (7.1%) 39.0-51.4 - -
Vr/F (L) 372 (10.3%) 320 - 466 - -
o 0.0005 (18.6%) 0.00032 - 0.00069
Population estimates are given for an adult weighting 66.6 kg. Allometric scaling on all clearance
(exponent fixed to 0.75) and volume (exponent fixed to 1) parameters.
Table S11. Parameter estimates of the final population pharmacokinetic model for amodiaquine
(AQ) and N-desethylamodiaquine (DEAQ) in hamster.
Parameter Population 95% CI IIV, %CV 95% CI
estimate (%RSE) (%RSE) ¢
Pharmacokinetics
F 1 fixed - - -
Ka (h) 0.0784 (6.52%) 0.0871 -0.111 14.5 (12.5%) 12.3-184
CL/Faq (mL/h) 4390 (7.44%) 3840 - 5190 11.2 (18.4%) 6.32-14.9
V/Faq (mL) 158 (15.3%) 115-207 - -
CL/FpEaq (mL/h) 804 (9.48%) 675 -975 28.8 (13.3%) 20.3-36.0
Vc/Foeaq (mL) 1890 (42.2%) 1090 — 4280 802 (15.5%) 294 — 3740
Q1/Fpeaq (mL/hr) 229 (27.6%) 112 - 364 - -
Vr/Fpeaq (mL) 3050 (77.1%) 1800 — 9040 - -
0AQ 0.144 (15.4%) 0.111-0.194
ODEAQ 0.0952 (16.5%) 0.0721 - 0.132
Covariates
Route effect (SC) on CL/Faq (%) -85.3 (1.81%) (-88.0) — (-82.0) - -
Route effect (SC) on Ka (%) -20.4 (19.8%) (-27.9) - (-12.2) - -

Population estimates are given for a hamster weighting 117.18 g (median weight). Allometric scal-

ing on all clearance (exponent fixed to 0.75) and volume (exponent fixed to 1) parameters.

Table S12. Parameter estimates of the final population pharmacokinetic model for AT-273 in ham-

ster.

Parameter

Population
estimate (%RSE)

95% CI

IIV, %CV (%RSE)

Pharmacokinetics
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F 1 fixed - 41.2 (16.4)
Krr (h) 12.3 (50.5) 5.25-29.0 -
CL/F (mL/h) 5.77 (33.1) 2.11-9.23 17.9 (17.3)
V¢/F (mL) 49200 (13.2) 38 200 — 64 500 15.3 (29.9)
Q/F (mL/h) 6730 (12.2) 5420 -8 550 =
Vr/F (mL) 84800 (27.3) 572 000 -1 560 000 -
o 0.0389 (22.5) 0.0269 - 0.0604 -
Covariates
Kwu (mol) 23.0 (22.2) 149 -34.3 48.6 (18.7)
Vmax (mol/hr) 60.8 (30.5) 40.1-114 -

added as an enzyme saturation function, i.e. %A(l) =

_ VmaxAQQ)
(km+A@))

Population estimates are given for a hamster weighting 119 g (median weight). Covariates were
where A(1) is amount of drug

in gut compartment.

Table S13. Parameter estimates of the final population pharmacokinetic model for atazanavir/ri-
tonavir in hamster.

Parameter Population 95% CI IIV, %CV 95% CI
estimate (%RSE) (%RSE) ¢
Pharmacokinetics
F 1 fixed - 25.8 (17.9) 19.3-36.8
Ka (1) 1.14 (14.9) 0.87-1.54 17.8 (19.2) 12.2-24.9
CL/F (mL/h) 353 (8.51) 299-415 - -
V¢/F (mL) 435 (11.8) 337-539 - -
Q/F (mL/h) 2.55 (16.8) 1.70-3.31 - -
Vr/F (mL) 69.4 (42.4) 23.1-134 - -
o 0.407 (9.06) 0.301-0.584
Covariates
Dose effect on Ka (exp) -0.0222 (18.1) (-0.0305)-(-0.0142) - -

Population estimates are given for a hamster weighting 112 g (median weight). Allometric scaling
on all clearance (exponent fixed to 0.75) and volume (exponent fixed to 1) parameters.

Table S14. Parameter estimates of the final population pharmacokinetic model for cepharantine in
hamster.

Parameter Population 95% CI IV, %CV (%RSE) ¢ 95% CI
estimate (%RSE)

Pharmacokinetics
F 1 fixed - - -
Ka (h?) 1.52 (27.0) 0.91-253 89.7 (18.1) 51.9 - 1358
CL/F (mL/h) 804 (25.0) 417 - 1202 - -
Vc/F (mL) 66400 (12.5) 51540 - 85340 34.6 (11.8) 26.3-43.2
o 0.0507 (11.2) 0.035-0.079
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Population estimates are given for a hamster weighting 87g (median weight). Allometric scaling
on all clearance (exponent fixed to 0.75) and volume (exponent fixed to 1) parameters.

Table S15. Parameter estimates of the final population pharmacokinetic model for cepharanthine

in human.
Parameter Population 95% CI IIV, %CV (%RSE)« 95% CI
estimate (%RSE)
Pharmacokinetics
F 0.116 (7.3%) 0.099 -0.132 - -
Ka (h) 0.187 (11.0%) 0.149 — 0.230 - -
CL/F (L/h) 74.4 (5.5%) 66.5—82.5 - -
Vc/F (L) 110 (10.8%) 85.9 - 132 - -
Qu/F (L/h) 258 (7.6%) 226 - 303 - -
Ve/F (L) 9190 (7.3%) 7888 — 10605 - -
Qu/F (L/h) 131 (14.2%) 101 -171 - -
Vio/F (L) 438 (26.5%) 315 - 774 - -
o) 0.102 (7.1%) 0.083-0.139
Data [71-73] was digitized and modeled using nonlinear mixed-effects modeling in NONMEM.
All data was included, except for plasma concentration-time data at time < 190 h (poor resolution)
following a multiple intravenous dose of 100mg of cepharanthine [73]. Population estimates are
given for an adult weighting 70 kg. Allometric scaling on all clearance (exponent fixed to 0.75) and
volume (exponent fixed to 1) parameters.
Table S16. Parameter estimates of the final population pharmacokinetic model for clofazimine in
hamster.
Parameter Population 95% CI 11V, %CV (%RSE) ¢ 95% CI
estimate (%RSE)
Pharmacokinetics
F 1 fixed - - -
Ka (h) 0.38 (11.0) 0.29 - 0.45 - -
CL/F (mL/h) 494 (7.2) 41.9 -56.0 - -
V¢/F (mL) 356 (11.9) 287 — 442 - -
Qi/F (mL/h) 235 (10.4) 184 - 280 - -
Vr/F (mL) 2250 (28.0) 1247 - 3740 - -
Q:/F (mL/h) 90.5 (20.6) 59.6 — 131 - -
Vi2/F (mL) 7390 (14.9) 5627 — 9707 - -
o 0.047 (16.2) 0.037 - 0.068
Covariates
Dose effect on Ka (exp) -0.0094 (20.4) (-0.0116) — (- - -
0.0071)
Dose effect on F (power) -0.109 (16.2) (-0.153) - (-0.059) - -

Population estimates are given for a hamster weighting 120g (median weight). Allometric scaling
on all clearance (exponent fixed to 0.75) and volume (exponent fixed to 1) parameters.

Table S17. Parameter estimates of the final population pharmacokinetic model for daclatasivir in

hamster.
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Parameter Population 95% CI 11V, %CV 95% CI
estimate (%RSE) (%RSE) ¢
Pharmacokinetics
F 1 fixed - 89 (15.1) 56.2 — 127
Ka (h1) 0.415 (5.84) 0.372 - 0.465 - -
CL/F (mL/h) 239 (19.6) 166 — 343 21.7 (21.3) 10.5-30.0
V/F (mL) 86.3 (27.0) 46.1 -135 79 (13.1) 52.1-104
Q1/F (mL/hr) 33.4 (25.5) 19.0-51.3 80.4 (14.8) 489 -110
Vr/F (mL) 438 (25.6) 283 - 754 - -
o 0.0436 (25.3) 0.0286 — 0.0702
Population estimates are given for a hamster weighting 109.94 g (median weight). Allometric scal-
ing on all clearance (exponent fixed to 0.75) and volume (exponent fixed to 1) parameters.
Table S18. Parameter estimates of the final population pharmacokinetic model for favipiravir in
hamster.
Parameter Population 95% CI 11V, %CV 95% CI
estimate (%RSE) (%RSE) ¢
Pharmacokinetics
Ka (h?) 0.774 (7.71) 0.662 — 0.905 23.7 (11.6) 17.4-40.3
CL/F (mL/h) 58.2 (6.06) 51.6 - 65.7 17.6 (29.7) 13.7-21.8
V/F (mL) 11.7 (14.7) 8.56 - 15.3 - -
Q1/F (mL/hr) 1.80 (12.7) 1.43-2.28 - -
Vr/F (mL) 11.6 (8.7) 9.91-13.8 - -
o 0.0503 (21.2) 0.0370 - 0.0776
Population estimates are given for a hamster weighting 109.32 g (median weight). Allometric scal-
ing on all clearance (exponent fixed to 0.75) and volume (exponent fixed to 1) parameters.
Table S19. Parameter estimates of the final population pharmacokinetic model for fluoxetine in
hamster.
Parameter Population 95% CI IIV, %CV 95% CI
estimate (%RSE) (%RSE) ¢
Pharmacokinetics (fluoxetine)
F 1 fixed - 17.8 (38.8) 10.8-21.5
Ka (h-1) 5.34 (11.7) 4.24 - 6.68 38.5 (40.1) 24.3-55.9
CL/F (mL/h) 447 (7.0) 392 - 515 20.2 (45.2) 11.46 —26.16
Vc/F (mL) 3530 (6.5) 3114 - 3994 - -
Z 0.0585 (18.2) 0.0399 — 0.0825 - -
Pharmacokinetics (norfluoxetine)
FFP 0.323 (11) 0.256 — 0.395 43.3 (38.9) 30.2-64.2
CL/F (mL/h) 93.3 (6.3) 81.6-104 10.7 (51.8) 547 -16.1
Vc/F (mL) 2740 (5.7) 2459 - 3059 - -
o 0.0174 (18.9) 0.0118 — 0.0249
Covariates
Dose effect on FFP (power) -0.0175 (13.7) (-0.022) - (-0.012) - -
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Dose effect on CL/F fluoxetine -0.511 (5.5) (-0.561) — (-0.453) - -
(power)

Dose effect on CL/F norfluoxe- -0.265 (13) (-0.337) — (-0.200) - -
tine (power)

Population estimates are given for a hamster weighting 97 g (median weight). Allometric scaling
on all clearance (exponent fixed to 0.75) and volume (exponent fixed to 1) parameters.

Table S20. Parameter estimates of the final population pharmacokinetic model for fluvoxamine in

hamster.
Parameter Population 95% CI IV, %CV (%RSE) ¢ 95% CI
estimate (%RSE)
Pharmacokinetics
F 1 fixed - - -
Ka (h?) 4.5 (fixed) - - -
CL/F (mL/h) 9500 (10.8) 7753 - 11644 - -
Vc/F (mL) 16500 (12.8) 12920 - 21118 - -
o 0.257 (27.4) 0.175 - 0.451
Covariates
Dose effect on F 1.21 (7.4) 1.04-1.38 - -
(power)
Population estimates are given for a hamster weighting 131 g (median weight). Allometric scaling
on all clearance (exponent fixed to 0.75) and volume (exponent fixed to 1) parameters.
Table S21. Parameter estimates of the final population pharmacokinetic model for fluvoxamine in
human.
Parameter Population 95% CI ITV, %CV (%RSE) 95% CI
estimate (%RSE) c
Pharmacokinetics
F 1 fixed - - -
MTT (h) 3.37 (3.5) 3.15-3.16 - -
CL/F (L/h) 0.148 (3.0) 0.139 - 0.157 = =
V¢/F (L) 2.44 (4.6) 2.23-2.67 - -
o 0.0089 (51.7) 0.0055 - 0.0233
Population estimates are given for an adult weighting 79 kg (median weight). Allometric scaling
on all clearance (exponent fixed to 0.75) and volume (exponent fixed to 1) parameters.
Table S22. Parameter estimates of the final population pharmacokinetic model for ivermectin in
hamster.
Parameter Population 95% CI 11V, %CV 95% CI
estimate (%RSE) (%RSE) ¢
Pharmacokinetics
F 1 fixed - - -
Ka (h1) 0.531 (8.35) 0.404-0.730 - -
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MTT (h) 0.478 (7.42) 0.329-0.622 53.4 (17.4) 36.6-76.2
CL/F (mL/h) 13.3 (0.160) 10.3-16.6 - -
Vc/F (mL) 543 (5.48) 450-663 27.8 (12.6) 18.9-33.5
o 0.0317 (9.67) 0.0228-0.0463
Covariates

Effect of SC administration on F 0.656 (15.7) 0.356-0.967 - -
Effect of SC administration on Ka 2.05 (50.0) 1.23-3.18 - -
Effect of SC administration on MTT -0.85 (5.61) (-0.91) - (-0.71) - -

Population estimates are given for a hamster weighting 120 g (median weight). Allometric scaling
on all clearance (exponent fixed to 0.75) and volume (exponent fixed to 1) parameters. Effect of SC
administration was compared to PO administration.

Table S23. Parameter estimates of the final population pharmacokinetic model for molnupiravir in

hamster.
Parameter Population 95% CI 11V, %CV 95% CI
estimate (%RSE) (%RSE) ¢
Pharmacokinetics
F 1 fixed - - -
Ka (h1) 1.45 (7.5) 1.27-1.69 - -
CL/F (mL/h) 1340 (7.6) 1157 - 1533 - -
V¢/F (mL) 172 (21.6) 81.1-229 - -
Q1/F (mL/h) 15.8 (23.1) 9.42 -23.6 - -
Vr/F (mL) 75.3 (23.0) 52.0-118 - -
o 0.163 (8.1) 0.119-0.220
Covariates
Dose effect on Ka (exp) -0.00247 (23.7) (-0.0036) — (-0.0014) - -

Population estimates are given for a hamster weighting 114 g (median weight). Allometric scaling

on all clearance (exponent fixed to 0.75) and volume (exponent fixed to 1) parameters.

Table S24. Parameter estimates of the final population pharmacokinetic model for molnupiravir in

human.
Parameter Population 95% CI IIV, %CV 95% CI
estimate (%RSE) (%RSE) ¢

Pharmacokinetics
F 1 fixed - - -
MTT (h) 1.0 (3.3%) 0.94-1.07 - -
CL/F (L/h) 80.9 (3.9%) 74.4 - 86.4 - -
Vc/F (L) 128 (5.7%) 115-142 - -
o 0.136 (7.9%) 0.106 - 0.189

Covariates

Dose effect on CL/F (exp)

-0.00021 (16.2%)

(-0.00028) — (-0.00015)
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Dose effect on MTT (power) | 0.127 (10.8%) | 0.098 —0.153 | - | -

Population estimates are given for an adult weighting 75 kg (median weight). Allometric scaling on
all clearance (exponent fixed to 0.75) and volume (exponent fixed to 1) parameters. For model de-
velopment, only data from administration of molnupiravir as a capsule and on the first day of dos-
ing (SAD and MAD study) was included.

Table S25. Parameter estimates of the final population pharmacokinetic model for nelfinavir in
hamster.

Parameter Population 95% CI IV, %CV (%RSE) ¢ 95% CI
estimate (%RSE)

Pharmacokinetics
F 1 fixed - - -
Ka (h1) 1.25 (20.7) 0.90 - 1.94 9.6 (121) 1.37-20.4
CL/F (mL/h) 613 (4.2) 569 — 665 - -
V¢/F (mL) 547 (15.3) 394 -715 - -
Q/F (mL/h) 130 (13.3) 100 - 166 - -
Vr/F (mL) 2980 (31.1) 2071 - 5509 - -
o 0.0484 (21.5) 0.0364 — 0.0763 - -

Covariates
Dose effect on Ka (linear) -0.801 (3.7) (-0.859) — (-0.743) - -
Dose effect on F (linear) 0.384 (32) 0.172 - 0.638 - -

Population estimates are given for a hamster weighting 80 g (median weight). Allometric scaling
on all clearance (exponent fixed to 0.75) and volume (exponent fixed to 1) parameters.

Table S26. Parameter estimates of the final population pharmacokinetic model for nitazoxanide in
hamster.

Parameter Population 95% CI IIV, %CV 95% CI
estimate (%RSE) (%RSE) ¢
Pharmacokinetics
IF 1 fixed - - -
Ka (h1) 2.24 (29.6) 1.41-3.96 33.4 (28.7) 16.2-55.0
CL/F (mL/h) 626 (11.9) 492-771 43.2 (18.1) 30.2-61.3
V¢/F (mL) 188 (38.6) 46.9-337 - -
Q/F (mL/h) 375 40.7) 215-784 58.8 (31.3) 29.9-111
Vr/F (mL) 243 (17.9) 166-337 - -
o 0.145 (9.49) 0.104-0.210 - -
Covariates
Dose effect on Ka (power) -0.767 (17.1) (-1.022) - (-0.531) - -

Population estimates are given for a hamster weighting 120 g (median weight). Allometric scaling
on all clearance (exponent fixed to 0.75) and volume (exponent fixed to 1) parameters.
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Table S27. Parameter estimates of the final population pharmacokinetic model for sofosbuvir (SOF)
and GS-331007 (G007) in hamster.

Parameter Population 95% CI IIV, %CV 95% CI
estimate (%RSE) (%RSE) ¢
Pharmacokinetics
F 1 fixed = 11.5 (19.2) 5.65-14.7
Ka (h?) 0.622 (15.9) 0.478 - 0.861 - -
CL/Fsor (mL/h) 122000 (14.4) 90300 — 157000 - -
V/Fsor (mL) 46600 (29.9) 25300 — 81200 - -
Qi/Fsor (mL/h) 139000 (17.2) 96300 — 188000 - -
Vr/Fsor (mL) 1490000 (27.9) 888000 — 2460000 - -
CL/Fooor (mL/hr) 390 (17.4) 249 - 510 44.8 (16.8) 294 -582
Ve/ Fooor (mL) 2750 (17.0) 1890 — 3660 20.7 (26.9) 10.1-29.5
OsOF 0.226 (22.6) 0.154 — 0.354
G007 0.148 (21.3) 0.096 — 0.222
Population estimates are given for a hamster weighting 113.11 g (median weight). Allometric
scaling on all clearance (exponent fixed to 0.75) and volume (exponent fixed to 1) parameters.2.7.
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Figure S20. Simulated pharmacokinetic parameters of ambroxol in human and hamster. Predicted
pharmacokinetic parameters, i.e., Cmax (A) and AUCtota (B), in human receiving 30 mg of ambroxol
twice daily for 10 days (grey box) were compared with pharmacokinetic parameters of hamster re-
ceiving 3 to 100 mg/kg of ambroxol twice daily (blue boxes) for same number of days. Boxes and
whiskers represent the median with inter-quantile range and the 95% prediction intervals, respec-
tively. Vertical lines denote the ICs0 (A549-ACE2TMPRSS2 cells), corrected for plasma protein bind-
ing in hamster (red line) and human (blue line).
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Figure S21. Simulated pharmacokinetic parameters for amodiaquine and N-desethylamodiaquine
in human and hamster. Predicted pharmacokinetic parameters, i.e. Cmax of amodiaquine (A) and
AUCqota of amodiaquine (B), Cmax of N-desethylamodiaquine (C) and AUCtotl of N-desethylamodi-
aquine (D), in human associated with receiving 540 mg of amodiaquine once daily for 10 days (grey
box) were compared with pharmacokinetic parameters of hamster receiving 5 to 200 mg/kg amodi-
aquine twice daily (coloured boxes, yellow box represents the extrapolation beyond the doses tested
in satellite PK studies in hamsters). Boxes and whiskers represent the median with inter-quantile
range and the 95% prediction intervals, respectively. Vertical lines denote the ICso (A549-
ACE2TMPRSS?2 cells), corrected for plasma protein binding in hamster (red line) and human (blue
line).
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Figure S22. Simulated pharmacokinetic parameters of AT-273 in hamster. Predicted pharmacoki-
netic parameters, i.e., Cmax (A) and AUCttal (B), in hamster receiving 10 to 1000 mg/kg of AT-527
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twice daily (blue boxes) for 10 days of dosing. Boxes and whiskers represent the median with inter-
quantile range and the 95% prediction intervals, respectively. Vertical lines denote the ICso (for AT-
511 in A549-ACE2TMPRSS?2 cells), corrected for plasma protein binding in hamster (red line).
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Figure 523. Simulated pharmacokinetic parameters for atazanavir in human and hamster. Predicted
pharmacokinetic parameters, i.e. Cmax (A) and AUCtota (B), in human associated with receiving 300
mg of atazanavir once daily for 10 days (grey box) were compared with pharmacokinetic parameters
of hamster receiving 12 up to 120 mg/kg atazanavir twice daily (coloured boxes, yellow box repre-
sents the extrapolation beyond the doses tested in satellite PK studies in hamsters). Boxes and
whiskers represent the median with inter-quantile range and the 95% prediction intervals, respec-
tively. Vertical lines denote the ICs0 (A549-ACE2TMPRSS2 cells), corrected for plasma protein bind-
ing in hamster (red line) and human (blue line).
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Figure S24. Simulated pharmacokinetic parameters of cepharantine in human and hamster. Pre-
dicted pharmacokinetic parameters, i.e., Cmax (A) and AUCtta (B), in human receiving 60 mg of
cepharantine once daily for 10 days (grey box) were compared with pharmacokinetic parameters of
hamster receiving 0.1 to 100 mg/kg of cepharantine twice daily for same number of days (coloured
boxes, yellow box represents the extrapolation beyond the doses tested in satellite PK studies in
hamsters). Boxes and whiskers represent the median with inter-quantile range and the 95% predic-
tion intervals, respectively. Vertical lines denote the ICs0 (A549-ACE2TMPRSS?2 cells), corrected for
plasma protein binding in hamster (red line) and human (blue line).
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Figure S25. Simulated pharmacokinetic parameters of clofazimine in human and hamster. Predicted
pharmacokinetic parameters, i.e,, Cmax (A) and AUCwtal (B), in human receiving 100 mg of clo-
fazimine once daily for 10 days (grey box) were compared with pharmacokinetic parameters of
hamster receiving 0.1 to 125 mg/kg of clofazimine twice daily for same number of days (coloured
boxes, yellow box represents the extrapolation beyond the doses tested in satellite PK studies in
hamsters). Boxes and whiskers represent the median with inter-quantile range and the 95% predic-
tion intervals, respectively. Blue vertical line denotes the ICso (A549-ACE2TMPRSS?2 cells), corrected
for plasma protein binding in hamster and human.
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Figure S26. Simulated pharmacokinetic parameters for daclatasvir in human and hamster. Pre-
dicted pharmacokinetic parameters, i.e. Cmax (A) and AUCtota (B), in human associated with receiv-
ing 60 mg of daclatasvir once daily for 10 days (grey box) were compared with pharmacokinetic
parameters of hamster receiving 1 up to 25 mg/kg daclatasvir twice daily. Boxes and whiskers rep-
resent the median with inter-quantile range and the 95% prediction intervals, respectively. Vertical
lines denote the ICso (A549-ACE2TMPRSS2 cells), corrected for plasma protein binding in hamster
(red line) and human (blue line).
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Figure S27. Simulated pharmacokinetic parameters for favipiravir in human and hamster. Predicted
pharmacokinetic parameters, i.e. Cmax (A) and AUCtotal (B), in human associated with receiving 600
mg of favipiravir once daily for 10 days (grey box) were compared with pharmacokinetic parame-
ters of hamster receiving 10 up to 300 mg/kg favipiravir twice daily (coloured boxes, yellow box
represents the extrapolation beyond the doses tested in satellite PK studies in hamsters). Boxes and
whiskers represent the median with inter-quantile range and the 95% prediction intervals, respec-
tively. Vertical lines denote the ICs0 (A549-ACE2TMPRSS2 cells), corrected for plasma protein bind-
ing in hamster (red line) and human (blue line).
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Figure S28. Simulated pharmacokinetic parameters of fluoxetine in human and hamster. Predicted
pharmacokinetic parameters, i.e., Cmax (A) and AUCtota (B), in human receiving 20 mg of fluoxetine
once daily for 10 days (grey box) were compared with pharmacokinetic parameters of hamster re-
ceiving 1 to 100 mg/kg of fluoxetine twice daily (blue boxes) for same number of days. Boxes and
whiskers represent the median with inter-quantile range and the 95% prediction intervals, respec-
tively. Vertical lines denote the ICs0 (A549-ACE2TMPRSS2 cells), corrected for plasma protein bind-
ing in hamster (red line) and human (blue line).
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Figure S29. Simulated pharmacokinetic parameters of fluvoxamine in human and hamster. Pre-
dicted pharmacokinetic parameters, i.e., Cmax (A) and AUCtotl (B), in human receiving 50 mg of flu-
voxamine once daily for 10 days (grey box) were compared with pharmacokinetic parameters of
hamster receiving 4 to 100 mg/kg of fluvoxamine twice daily (blue boxes) for same number of days.
Boxes and whiskers represent the median with inter-quantile range and the 95% prediction inter-
vals, respectively. Vertical lines denote the ICs0 (A549-ACE2TMPRSS2 cells), corrected for plasma
protein binding in hamster (red line) and human (blue line).
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Figure S30. Simulated pharmacokinetic parameters of ivermectin in human and hamster. Predicted
pharmacokinetic parameters, i.e. Cmax (A) and AUCtwotat (B) following PO administration, Cmax (C) and
AUCqott (D) following subcutaneous administration, in human associated with receiving 0.2 mg/kg
of ivermectin once daily for 10 days (grey box) were compared with pharmacokinetic parameters of
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hamster receiving 0.1 up to 0.8 mg/kg of ivermectin twice daily (coloured boxes, yellow box repre-
sents the extrapolation beyond the study doses in hamsters). Boxes and whiskers represent the me-
dian with inter-quantile range and the 95% prediction intervals, respectively. Vertical lines denote
the ICso (Vero-hSLAM cells), corrected for plasma protein binding in hamster and human (blue line;
hamster plasma protein binding was assumed to be equal to human).
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200 mg/kg| @ ; —[D— 200 mg/kg E—m—
€ i i
175 ma/kg % ' —[[l— 175 mg/kg —[D— .
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‘II é 1‘0 3‘0 1(‘)0 360 1 OIOO
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Figure S31. Simulated pharmacokinetic parameters of molnupiravir in human and hamster. Pre-
dicted pharmacokinetic parameters, i.e., Cmax (A) and AUCtotat (B), in human receiving 800 mg of
molnupiravir twice daily for 10 days (grey box) were compared with pharmacokinetic parameters
of hamster receiving 20 to 200 mg/kg of molnupiravir twice daily (blue boxes) for same number of
days. Boxes and whiskers represent the median with inter-quantile range and the 95% prediction
intervals, respectively. Blue vertical line denotes the ICso (A549-ACE2TMPRSS2 cells), corrected for
plasma protein binding in hamster and human.
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Figure S32. Simulated pharmacokinetic parameters of nelfinavir in human and hamster. Predicted
pharmacokinetic parameters, i.e., Cmax(A) and AUCtotal (B), in human receiving 1250 mg of nelfinavir
twice daily for 10 days (grey box) were compared with pharmacokinetic parameters of hamster re-
ceiving 1 to 100 mg/kg of nelfinavir twice daily for same number of days. Boxes and whiskers rep-
resent the median with inter-quantile range and the 95% prediction intervals, respectively. Yellow
boxes represent extrapolation beyond the study-doses in hamster. Blue vertical line denotes the ICso
(A549-ACE2TMPRSS2 cells), corrected for plasma protein binding in hamster and human.
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Figure S33. Simulated pharmacokinetic parameters for nitazoxanide in human and hamster. Pre-
dicted pharmacokinetic parameters, i.e. Cmax (A) and AUCtotal (B), in human associated with receiv-
ing 500 mg of nitazoxanide twice daily for 10 days (grey box) were compared with pharmacokinetic
parameters of hamster receiving 25 up to 500 mg/kg nitazoxanide twice daily (coloured boxes, yel-
low box represents the extrapolation beyond the doses tested in satellite PK studies in hamsters).
Boxes and whiskers represent the median with inter-quantile range and the 95% prediction inter-
vals, respectively. Vertical lines denote the ICso (A549-ACE2TMPRSS2 cells), corrected for plasma
protein binding in hamster and human (blue line; hamster plasma protein binding was assumed to
be equal to human).
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Figure S34. Simulated pharmacokinetic parameters for sofosbuvir and GS-331007 in human and
hamster. Predicted pharmacokinetic parameters, i.e. Cmax of sofosbuvir (A) and AUCtotar of sofos-
buvir (B), Cmax of GS-331007 (C) and AUCtotat of GS-331007 (D), in human associated with receiving
400 mg of sofosbuvir once daily for 10 days (grey box) were compared with pharmacokinetic pa-
rameters of hamster receiving 10 to 200 mg/kg sofosbuvir twice daily (coloured boxes, yellow box
represents the extrapolation beyond the doses tested in satellite PK studies in hamsters). Boxes and
whiskers represent the median with inter-quantile range and the 95% prediction intervals, respec-
tively. Vertical lines denote the ICso (A549-ACE2TMPRSS2 cells), corrected for plasma protein bind-
ing in hamster (red line) and human (blue line).

Table S28. Exposure in human at clinical dose and doses in hamster matching human pharmacoki-
netic parameters.

Dosing regimen Crmax AUCrotar
.. Median Dose range in Median AUC- Dose range in
Clinical dose / . .
. . . Cmax in hamster ot in human hamster reach-
dosing Doses simulated in . . . . .
Compound frequencys hamster (mg/kg)® human at reaching Cmax at clinical ing AUCtota in
q ¥ & clinical  in human dose human (mg/kg)
dose [uM] (mg/kg)4 (h*umol/L) d
Ambroxol 30 mg / twice daily 3; 15; 30; 50; 75; 90; 100 0.228 ~30 34.5 30 -50
Amodiaquine 540 mg / once daily 5; 10; 20; 30; 50; 100; 200 0.257 <5 16.5 <5
AT-273 NA 10; 50; 100; 250; 500; 750; NA NA NA NA
1000
Atazanavir /
ritonavir- 300 mg / once daily  12; 24; 48; 72; 96; 120 3.55 ~24 620 48 -72
boosted
1 .1.1.4.1.2.4. . .
Cepharantine ©0 ™8/ once daily 0.1;1;4;10;20;40; 60;80; , o6 9_1 1.015 01-1
[85] 100
0.1; 1, 5; 15; 25; 50; 75;
Clofazimine 100 mg /once daily 0.322 0.1-1 48.6 0.1-1
100; 125
Daclatasvir 60 mg / once daily 1;5;10; 15; 20; 25 1.14 ~10 132 ~15
Favipiravir 600 mg / once daily 10; 25; 50; 100; 200; 300 97.7 10 - 25 10000 25-50
1. 4. 1 . 2 . . . 7 . .
Fluoxetine 20 mg/once daily =~ ™ 0 0'1?8%' 50; 70;90; 0.333 4-10 62.6 4-10
Fluvoxamine 50 mg / once daily & & 1% 16"1%%; 24;30:50: 4 071 8-12 12.020 16-20
Ivermectin 2 M8/k8/once 0.1;0.2;0.4; 0.8 0.0853 ~0.1 13.9 ~0.1
daily
Molnupiravir 000 M8/ twice 20,50 75; 100;150;175; 4, (17 ~50 743 ~150
daily 200
Nelfinavir 120 m8/twice 1;410;20;30:40;30;70; ¢ 1 50~ 70 1215 ~100
daily 100
. . 500 mg / twice
Nitazoxanide daily 25; 50; 100; 150; 300; 500 14.9 ~25 1751 ~150
Sofosbuvir 400 mg / once daily 10; 25; 50; 100; 150; 200 1.67 > 200 51.9 > 200

aSimulated pharmacokinetic profiles in human were based on standard daily dosing (oral) accord-
ing to the product information unless otherwise stated. Simulations were performed for a total

treatment duration of 10 days.

*Simulated pharmacokinetic profiles in hamster were based on twice daily dosing and a total treat-

ment duration of 10 days.

¢AUCtotal refers to cumulative AUC from time 0 to12 h after the last dose (AUCo-252n).
dIf the median of Cmax or AUCttal in human is falling into the interquartile range of Cmax or AUCtotal
in hamster at a particular dose, then this dose is selected. Otherwise a dose range is given.
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52.8. In vivo efficacy in hamster
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Figure S35. In vivo efficacy of ritonavir-boosted atazanavir, favipiravir and combination thereof in
SARS-CoV-2 hamster model.

In vivo efficacy of ritonavir-boosted atazanavir, favipiravir and combination thereof
against SARS-CoV-2 (Wuhan) wild type strain in Syrian hamsters. a) Viral RNA levels in
the lungs of control (vehicle-treated) and ritonavir-boosted atazanavir, favipiravir and
combination -treated (at 48/16 or 300 mg/kg, BID) SARS-CoV-2-infected hamsters at day
4 post-infection (pi). Individual data and median values (indicated by bars) are presented
and are expressed as logio SARS-CoV-2 RNA copies per mg lung tissue. Data were
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analyzed with the Mann-Whitney U test (two-sided). ns: not significant, *P = 0.0190, **P =
0.0095. b) Infectious viral loads in the lungs of control (vehicle-treated), ritonavir-boosted
atazanavir, favipiravir and combination -treated SARS-CoV-2-infected hamsters at day 4
pi (expressed as logio TCIDso per mg lung tissue). Individual data and median values (in-
dicated by bars) are presented. Data were analyzed with the Mann-Whitney U test (two-
sided). ns: not significant, **P =0.0095, *P = 0.0143. ¢) Cumulative severity score from H&E
staining slides of lungs from control (vehicle-treated) and ritonavir-boosted atazanavir,
favipiravir and combination -treated hamsters. Individual data and median values (indi-
cated by bars) are presented and the dotted line represents the median score of untreated
non-infected hamsters. Data were analysed with the Mann-Whitney U test (two-sided).
ns: not significant , **P = 0.0048.
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Figure S36. In vivo efficacy of nitazoxanide, favipiravir and combination thereof in SARS-CoV-2
hamster model.

In vivo efficacy of nitazoxanide, favipiravir and combination thereof against SARS-
CoV-2 (Wuhan) wild type strain in Syrian hamsters. a) Viral RNA levels in the lungs of
control (vehicle-treated) and nitazoxanide, favipiravir and combination thereof -treated
(at 250 and 300 mg/kg, BID) SARS-CoV-2-infected hamsters at day 4 post-infection (pi).
Individual data and median values (indicated by bars) are presented and are expressed as
logio SARS-CoV-2 RNA copies per mg lung tissue. Data were analysed with the Mann-
Whitney U test (two-sided). ns: not significant. b) Infectious viral loads in the lungs of
control (vehicle-treated), nitazoxanide, favipiravir and combination thereof -treated
SARS-CoV-2-infected hamsters at day 4 pi (expressed as logio TCIDso per mg lung tissue).
Individual data and median values (indicated by bars) are presented. Data were analyzed
with the Mann-Whitney U test (two-sided). ns: not significant, **P = 0.0043, 0.0087. c¢) Cu-
mulative severity score from H&E staining slides of lungs from control (vehicle-treated)
and nitazoxanide, favipiravir and combination thereof -treated hamsters. Individual data
and median values (indicated by bars) are presented and the dotted line represents the
median score of untreated non-infected hamsters. Data were analysed with the Mann-—
Whitney U test (two-sided). ns: not significant, *P = 0.0195.
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Figure S37. In vivo efficacy of clofazimine, molnupiravir and combination thereof in SARS-CoV-2
hamster model.

In vivo efficacy of clofazimine, molnupiravir and combination thereof against SARS-
CoV-2 (Wuhan) wild type strain in Syrian hamsters. a) Viral RNA levels in the lungs of
control (vehicle-treated) and clofazimine, molnupiravir and combination thereof - treated
(at 25 mg/kg QD and 75 mg/kg, BID) SARS-CoV-2-infected hamsters at day 4 post-infec-
tion (pi). Individual data and median values (indicated by bars) are presented and are
expressed as logio SARS-CoV-2 RNA copies per mg lung tissue. Data were analysed with
the Mann-Whitney U test (two-sided). ns: not significant, *P = 0.0303, **P = 0.0095. b) In-
fectious viral loads in the lungs of control (vehicle-treated), clofazimine, molnupiravir and
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ns

combination thereof -treated SARS-CoV-2-infected hamsters at day 4 pi (expressed as log1o
TCIDso per mg lung tissue). Individual data and median values (indicated by bars) are
presented. Data were analysed with the Mann-Whitney U test (two-sided). ns: not signif-
icant, *P = 0.0143.
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Figure S38. In vivo efficacy of nirmatrelvir (PF-332) and amodiaquine in SARS-CoV-2 hamster
model.

In vivo efficacy of nirmatrelvir (PF-332) and amodiaquine against Beta SARS-CoV-2
(B.1.351) variant in Syrian hamsters. a) Viral RNA levels in the lungs of control (vehicle-
treated) and nirmatrelvir (PF-332) and amodiaquine - treated (at 125 or 250 mg/kg, BID
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and 100 mg/kg QD) SARS-CoV-2-infected hamsters at day 4 post-infection (pi). Individ-
ual data and median values (indicated by bars) are presented and are expressed as logio
SARS-CoV-2 RNA copies per mg lung tissue. Data were analysed with the Mann-Whitney
U test (two-sided). ns: not significant,*P = 0.0108, **P = 0.0022. b) Infectious viral loads in
the lungs of control (vehicle-treated), nirmatrelvir (PF-332) and amodiaquine -treated
SARS-CoV-2-infected hamsters at day 4 pi (expressed as logio TCIDso per mg lung tissue).
Individual data and median values (indicated by bars) are presented. Data were analysed
with the Mann—-Whitney U test (two-sided). ns: not significant, *P = 0.0152, **P = 0.0022. c)
Cumulative severity score from H&E staining slides of lungs from control (vehicle-
treated), nirmatrelvir (PF-332) and amodiaquine -treated hamsters. Individual data and
median values (indicated by bars) are presented, and the dotted line represents the me-
dian score of untreated non-infected hamsters. Data were analysed with the Mann-Whit-
ney U test (two-sided). ns: not significant, **P = 0.0022.
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Figure $39. In vivo efficacy of fluvoxamine and fluoxetine in SARS-CoV-2 hamster model.

In vivo efficacy of fluvoxamine and fluoxetine against Beta SARS-CoV-2 (B.1.351) var-
iant in Syrian hamsters. a) Viral RNA levels in the lungs of control (vehicle-treated), flu-
voxamine and fluoxetine - treated (at 200 mg/kg BID and 10 or 100 mg/kg, QD) SARS-
CoV-2-infected hamsters at day 4 post-infection (pi). Individual data and median values
(indicated by bars) are presented and are expressed as logio SARS-CoV-2 RNA copies per
mg lung tissue. Data were analysed with the Mann-Whitney U test (two-sided). ns: not
significant, *P = 0.0286. b) Infectious viral loads in the lungs of control (vehicle-treated),
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fluvoxamine and fluoxetine -treated SARS-CoV-2-infected hamsters at day 4 pi (expressed
as logi TCIDso per mg lung tissue). Individual data and median values (indicated by bars)
are presented. Data were analysed with the Mann-Whitney U test (two-sided). ns: not
significant, *P = 0.0286. ¢) Cumulative severity score from H&E staining slides of lungs
from control (vehicle-treated), fluvoxamine and fluoxetine -treated hamsters. Individual
data and median values (indicated by bars) are presented, and the dotted line represents
the median score of untreated non-infected hamsters. Data were analysed with the Mann—

Whitney U test (two-sided). ns: not significant.

a ns
- I ns 1
I 1
> 9- ns
=] 8 Mns 1
g‘) 1
e .s.
~ — —
@ —_ (]
.g 6 [ J
8 5-
s 4
o
o 3-
8
4 24
g
0 T T T T T
> ) N 2 O\
(90 ‘%go q\&b ng \bq,ﬁ
&° q\% (§4~ ‘s‘l- @9
NG & & S
\0 QQ QQ Q&
A\ <° N N N
N @ < M
3 S S N
= o & N
K N & N
3 [¢ & R
< 3 0\0
® ‘\Qxﬂ‘
o
R
o°6\
ns
C I ns 1
, [ ns 1
e
e 1
ns
1
[ N}
[0
é 6 [ )
2 [
o
c
=l oo
o 44
2 ()
= e—
g
O 24
0 T T T T T
&‘o\ \66‘ q\sb‘\ ng* \6,4)
o N\ N N ©
X ® & & ®
& § N N
RC S & N o
S @ < $
& 2 S N
& s & X
S8 & & &
3 () <@ \00
G@Q \g\\(\
&
o
&

Figure S40. In vivo efficacy of camostat, cepharanthine and combination of nelfinavir/cepharanthine
in SARS-CoV-2 hamster model.

Log1g TCIDsy/mg lung

ns
6 f ns 1
[ ns 1
54 ns Y
%% ©®
44 [ oo ]
3 -
[ ]
21 °
T P e
0 T T T T T
N S ) X\
&‘o Q\sb g"” & \8’4’
R & N q\‘& ‘§4~ 03(9
‘(‘\‘} ¢ BQ& QQ& S
& \(@ o& > &S
2 & & S
& < & o
AN 2 2 Q
<® (9 @ ®
R &
(4 &
e@
0C)
o°&



Microorganisms 2021, 10, 1639 51 of 60

In  wvivo efficacy of camostat, cepharanthine and combination of
nelfinavir/cepharanthine against Beta SARS-CoV-2 (B.1.351) variant in Syrian hamsters.
a) Viral RNA levels in the lungs of control (vehicle-treated), camostat, cepharanthine and
combination of nelfinavir/cepharanthine - treated (at 100 mg/kg BID, 100 mg/kg QD and
50/100 mg/kg BID/QD) SARS-CoV-2-infected hamsters at day 4 post-infection (pi). Indi-
vidual data and median values (indicated by bars) are presented and are expressed as
logio SARS-CoV-2 RNA copies per mg lung tissue. Data were analysed with the Mann-
Whitney U test (two-sided). ns: not significant. b) Infectious viral loads in the lungs of
control  (vehicle-treated), camostat, cepharanthine  and combination  of
nelfinavir/cepharanthine -treated SARS-CoV-2-infected hamsters at day 4 pi (expressed
as logi TCIDso per mg lung tissue). Individual data and median values (indicated by bars)
are presented. Data were analysed with the Mann-Whitney U test (two-sided). ns: not
significant. ¢) Cumulative severity score from H&E staining slides of lungs from control
(vehicle-treated), camostat, cepharanthine and combination of nelfinavir/cepharanthine -
treated hamsters. Individual data and median values (indicated by bars) are presented,
and the dotted line represents the median score of untreated non-infected hamsters. Data
were analysed with the Mann—-Whitney U test (two-sided). ns: not significant.
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Figure S41. In vivo efficacy of ritonavir-boosted atazanavir, nitazoxanide and combination thereof
in SARS-CoV-2 hamster model.

In vivo efficacy of ritonavir-boosted atazanavir, nitazoxanide and combination
thereof against SARS-CoV-2 (BavPatl) wild type strain in Syrian hamsters. a) Viral RNA
levels in the lungs of control (vehicle-treated) and ritonavir-boosted atazanavir, nitazoxa-
nide and combination thereof -treated (at 48/16 or 250 mg/kg, BID) SARS-CoV-2-infected
hamsters at day 3 post-infection (pi). Individual data and median values (indicated by
bars) are presented and are expressed as logio SARS-CoV-2 RNA copies per mg lung tis-
sue. Data were analyzed with the Mann-Whitney U test (two-sided). Favipiravir is used
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as positive control (at 925 mg/kg/day). ns: not significant, **P = 0.0043. b) Infectious viral
loads in the lungs of control (vehicle-treated), ritonavir-boosted atazanavir, nitazoxanide
and combination thereof -treated SARS-CoV-2-infected hamsters at day 3 pi (expressed as
logi TCIDso per mg lung tissue). Individual data and median values (indicated by bars)
are presented. Data were analyzed with the Mann-Whitney U test (two-sided). Favipi-
ravir is used as positive control (at 925 mg/kg/day). ns: not significant, **P = 0.0022.
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Figure S42. In vivo efficacy of sofosbuvir and daclatasvir and combination thereof in SARS-CoV-2
hamster model.

In vivo efficacy of sofosbuvir and daclatasvir and combination thereof against SARS-
CoV-2 (BavPatl) wild type strain in Syrian hamsters. a) Viral RNA levels in the lungs of
control (vehicle-treated), sofosbuvir and daclatasvir and combination thereof -treated (at
100 mg/kg QD or 25 mg/kg, BID) SARS-CoV-2-infected hamsters at day 3 post-infection
(pi). Individual data and median values (indicated by bars) are presented and are ex-
pressed as logio SARS-CoV-2 RNA copies per mg lung tissue. Data were analyzed with
the Mann-Whitney U test (two-sided). Favipiravir is used as positive control (at 925
mg/kg/day). ns: not significant, **P =0.0087. b) Infectious viral loads in the lungs of control
(vehicle-treated), sofosbuvir and daclatasvir and combination thereof -treated SARS-CoV-
2-infected hamsters at day 3 pi (expressed as logio TCIDso per mg lung tissue). Individual
data and median values (indicated by bars) are presented. Data were analyzed with the
Mann-Whitney U test (two-sided). Favipiravir is used as positive control (at 925
mg/kg/day). ns: not significant, **P = 0.0022.
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Figure S43. In vivo efficacy of ivermectin and amodiaquine and combination thereof in SARS-CoV-
2 hamster model.

In vivo efficacy of ivermectin and amodiaquine and combination thereof against
SARS-CoV-2 (BavPatl) wild type strain in Syrian hamsters. a) Viral RNA levels in the
lungs of control (vehicle-treated), ivermectin and amodiaquine and combination thereof -
treated (at 0.4 mg/kg 1 intake or QD and 50 mg/kg, QD) SARS-CoV-2-infected hamsters
at day 4 post-infection (pi). Individual data and median values (indicated by bars) are
presented and are expressed as logio SARS-CoV-2 RNA copies per mg lung tissue. Data
were analyzed with the Mann-Whitney U test (two-sided). Favipiravir is used as positive
control (at 925 mg/kg/day). ns: not significant, *P = 0.0381. b) Infectious viral loads in the
lungs of control (vehicle-treated), ivermectin and amodiaquine and combination thereof -
treated SARS-CoV-2-infected hamsters at day 4 pi (expressed as logio TCIDso per mg lung
tissue). Individual data and median values (indicated by bars) are presented. Data were
analyzed with the Mann-Whitney U test (two-sided). Favipiravir is used as positive con-
trol (at 925 mg/kg/day). Amodiaquine treated groups (monotherapy and combination)
started 1-day prior infection. ns: not significant.
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Figure S44. In vivo efficacy of amodiaquine in SARS-CoV-2 hamster model (repeat).

In vivo efficacy of amodiaquine against SARS-CoV-2 (BavPatl) wild type strain in
Syrian hamsters. a) Viral RNA levels in the lungs of control (vehicle-treated), amodiaquine
-treated (at 75 mg/kg, QD) SARS-CoV-2-infected hamsters at day 4 post-infection (pi).
Individual data and median values (indicated by bars) are presented and are expressed as
logio SARS-CoV-2 RNA copies per mg lung tissue. Data were analyzed with the Mann-
Whitney U test (two-sided). Favipiravir is used as positive control (at 925 mg/kg/day). ns:
not significant, **P = 0.0087. b) Infectious viral loads in the lungs of control (vehicle-
treated), amodiaquine-treated SARS-CoV-2-infected hamsters at day 4 pi (expressed as
logio TCIDso per mg lung tissue). Individual data and median values (indicated by bars)
are presented. Data were analyzed with the Mann-Whitney U test (two-sided). Favipi-
ravir is used as positive control (at 925 mg/kg/day). ns: not significant, **P = 0.0022.
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Figure S45. In vivo efficacy of bemnifosbuvir (AT-527) and molnupiravir in SARS-CoV-2 hamster
model.

In vivo efficacy of AT-527 against SARS-CoV-2 (BavPatl) wild type strain in Syrian
hamsters. a) Viral RNA levels in the lungs of control (vehicle-treated), AT-527 -treated (at
150 or 250 mg/kg, BID) SARS-CoV-2-infected hamsters at day 3 post-infection (pi). Indi-
vidual data and median values (indicated by bars) are presented and are expressed as
logio SARS-CoV-2 RNA copies per mg lung tissue. Data were analyzed with the Mann-
Whitney U test (two-sided). Favipiravir is used as positive control (at 925 mg/kg/day). ns:
not significant. b) Infectious viral loads in the lungs of control (vehicle-treated), AT-527-
treated SARS-CoV-2-infected hamsters at day 3 pi (expressed as logio TCIDso per mg lung
tissue). Individual data and median values (indicated by bars) are presented. Data were
analyzed with the Mann-Whitney U test (two-sided). Favipiravir is used as positive con-
trol (at 925 mg/kg/day). ns: not significant, *P = 0.026, **P = 0.0087.
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Figure 546. In vivo efficacy of fluoxetine, fluvoxamine and ambroxol in SARS-CoV-2 hamster model.

In vivo efficacy of fluoxetine, fluvoxamine and ambroxol against SARS-CoV-2 (Bav-
Pat1) wild type strain in Syrian hamsters. a) Viral RNA levels in the lungs of control (ve-
hicle-treated), fluoxetine, fluvoxamine and ambroxol -treated (at 50 and 100 mg/kg, QD
and 50 mg/kg, BID) SARS-CoV-2-infected hamsters at day 3 post-infection (pi). Individual
data and median values (indicated by bars) are presented and are expressed as logio SARS-
CoV-2 RNA copies per mg lung tissue. Data were analyzed with the Mann-Whitney U
test (two-sided). Favipiravir is used as positive control (at 925 mg/kg/day). ns: not signif-
icant, **P = 0.043. b) Infectious viral loads in the lungs of control (vehicle-treated), fluoxe-
tine, fluvoxamine and ambroxol -treated SARS-CoV-2-infected hamsters at day 3 pi (ex-
pressed as logio TCIDso per mg lung tissue). Individual data and median values (indicated
by bars) are presented. Data were analyzed with the Mann-Whitney U test (two-sided).
Favipiravir is used as positive control (at 925 mg/kg/day). ns: not significant, **P = 0.0022.
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