An example of a resident ER protein

MFGTLLLYCFFLATVPALAETGGEROQLSPEKSEIWGPGLKADVV
LPARYFYIQAVDTSGNKFTSSPGEKVFQVKVSAPEEQFTRVGVQ
VLDRKDGSFIVRYRMYASYKNLKVEVKFOGOHVAKSPYILKGPV
YHENCDCPLODSAAWLREMNCPETIAQIORDLAHFPAVDPEKIA
VEIPKRFGOROSLCHYTLKDNKVYIKTHGEHVGFRIFMDAILLS
LTRKVKMPDVELFVNLGDWPLEKKKSNSNIHPIFSWCGSTDSKD
IVMPTYDLTDSVLETMGRVSLDMMSVOANTGPPWESKNSTAVWR
GRDSRKERLELVKLSRKHPELIDAAFTNFFFFKHDENLYGPIVK
HISFFDFFKHKYQINIDGTVAAYRLPYLLVGDSVVLKODSIYYE
HFYNELOPWKHYIPVKSNLSDLLEKLKWAKDHDEEAKKIAKAGOQ
EFARNNLMGDDIFCYYFKLFOEYANLOVSEPQIREGMKRVEPQT
EDDLFPCTCHRKKTKDEL




Human CFTR protein sequence

MORSPLEKASVVSKLFFSWIRPILRKGYRQRLELSDIYQIPSVDSADNLSEKLEREWDRELASKK
NPKLINALRRCEFFWRFMEYGIFLYLGEVTKAVOPLLLGRITASYDPDNKEERSIATIYLGIGLCLL
FIVRTLLLHPATFGLHHIGMOMRIAMESLIYKKTLKLSSRVLDKISTIGQLVSLLSNNLNKEDEGL
ALAHFVWIAPLOVALLMGLIWELLOASAFCGLGEFLIVLALFOQAGLGRMMMKYRDORAGKISERLV
ITSEMIENIQSVKAYCWEEAMEKMIENLROQTELKLTRKAAYVRYEFNSSAFFFSGFEFVVELSVLPY
ALTIKGIILRKIFTTISFCIVLRMAVTROQFPWAVOTWYDSLGAINKIQODFLOKOQEYKTLEYNLTTT
EVVMENVTAFWEEGFGELFEKAKQONNNNRKTSNGDDSLEEFSNESLLGTPVLKDINFKIERGOQLLA
VAGSTGAGKTSLLMVIMGELEPSEGKIKHSGRISFCSQFSWIMPGTIKENITFGVSYDEYRYRSV
IKACQLEEDISKFAEKDNIVLGEGGITLSGGQRARISLARAVYKDADLYLLDSPFGYLDVLTEKE
IFESCVCKLMANKTRILVTSKMEHLKKADKILILHEGSSYFYGTESELONLOPDESSKLMGCDSF
DOFSAERRNSILTETLHRESLEGDAPVSWIETKKQSFRKOTGEFGEKRKNSILNPINSIRKESIVQ
KTPLOMNGIEEDSDEPLERRLSLVPDSEQGEAILPRISVISTGPTLOARRROQSVLNLMTHSVNQG
ONTHRKTTASTRKVSLAPQANLTELDIYSRRLSQETGLEISEEINEEDLKECEFFDDMESIPAVTT
WNTYLRYITVHKSLIFVLIWCLVIFLAEVAASLVVLWLLGNTPLODKGNSTHSRNNSYAVIITST
SSYYVFYIYVGVADTLLAMGFFRGLPLVHTLITVSKILHHKMLHSVLOAPMSTLNTLKAGGILNR
FSKDIAILDDLLPLTIFDFIQLLLIVIGAIAVVAVLOPYIFVATVPVIVAFIMLRAYFLOTSQQOL
KOLESEGRSPIFTHLVTSLKGLWTLRAFGROQPYFETLEFHKALNLHTANWELYLSTLRWEFQMRIEM
IFVIFFIAVIFISILTTGEGEGRVGIILTLAMNIMSTLOWAVNSSIDVDSLMRSVSRVEKE IDMP
TEGKPTKSTKPYKNGOLSKVMIIENSHVKKDDIWPSGGOMTVKDLTAKYTEGGNAILENISESIS
PGORVGLLGRTGSGKSTLLSAFLRLLNTEGEIQIDGVSWDSITLOOWRKAFGVIPOKVEIFSGTFE
RKNLDPYEQWSDQEIWKVADEVGLRSVIEQFPGKLDEVLVDGGCVLSHGHKQLMCLARSVLSKAK
ILLLDEPSAHLDPVTYQIIRRTLKOAFADCTVILCEHRIEAMLECQQFLVIEENKVRQYDSIQKL
LNERSLFRQATSPSDRVKLEFPHRNSSKCKSKPOIAALKEETEEEVQODTRL
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Coronavirus disease 2019 (COVID-19) has rapidly become a global pandemic and

no antiviral drug or vaccine is yet available for the treatment of this disease' ™.
Several clinical studies are ongoing to evaluate the efficacy of repurposed drugs

that have demonstrated antiviral efficacy in vitro. Among these candidates,
hydroxychloroquine (HCQ) has been given to thousands of individuals infected with
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)—the virus that
causes COVID-19—worldwide but there is no definitive evidence that HCQ s effective
for treating COVID-19*7. Here we evaluated the antiviral activity of HCQboth in vitro
and in SARS-CoV-2-infected macaques. HCQ showed antiviral activity in African
green monkey kidney cells (Vero E6) but notinamodel of reconstituted human
airway epithelium. Inmacaaues. we tested different treatment strategies in
comparison to aplacebo treatment, before and after peak viral load, alone orin
combination with azithromycin (AZTH). Neither HCQ nor the combination of HCQ
and AZTH showed a significant effect on viral load in any of the analysed tissues.
When the drug was used as a pre-exposure prophylaxis treatment, HCQ did not
confer protection against infection with SARS-CoV-2. Our findings do notsupport the
use of HCQ, either alone or in combination with AZTH, as an antiviral drug for the
treatment of COVID-19 in humans.

Infection with SARS-CoV-2is characterized by initial mild disease asso-
ciated with respiratory symptoms at the peak of viral replication'®. In
some patients, alate severeimmunological syndrome occurs 6-14 days
after the onset of symptoms that may require intensive care and is
responsible for most of the fatalities'™.

HCQ has well-documented in vitro activity against various viruses*
and has emerged as an active compound against SARS-CoV-2 in differ-
entscreening programmes, including alibrary of1,520 Food and Drug
Administration (FDA)-approved compounds’. In Vero E6 cells, HCQ has
a50% maximal effective concentration (ECs,)>*° that varies between 0.7
and4 pM. It may inhibit viral transportin endosomes by alkalinizing the
intra-organelle compartment'®"' and affect glycosylation, as reported
for other viruses'. The drug may also act as an immunomodulatory
agent™®, Inpatients with lupus, HCQ decreases thelevel of inflammatory
cytokines™ !¢, which may be relevant for the treatment of COVID-19%
Furthermore, it has been proposed that AZTH, which displays in vitro

antiviral activity against SARS-COV-25, could potentiate the efficacy
of HCQ®. On the basis of these properties, HCQ has been considered
for the treatment of COVID-19, alone or in combination with AZTH®”".

We and others have set up non-human primate (NHP) models of
SARS-CoV-2infection'®?°, Here we used cynomolgus macaques (Macaca
fascicularis) to test different treatment strategies with HCQ, alone or
incombination with AZTH, before or after the peak of viral replication.
We also tested HCQ administration as pre-exposure prophylaxis treat-
ment against SARS-CoV-2 infection.

Invitro efficacy of HCQ against SARS-CoV-2 infection

We first evaluated the in vitro antiviral activity of HCQ against a
SARS-CoV-2 strain isolated from one of the first patients with COVID-
19inFrance. Post-infection treatment of Vero E6 cells with HCQresulted
inadose-dependent antiviral effect, with 50% inhibitory concentration
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HR (95% CI) Events/Total

HCQ 0.76 (0.51-1.13) 44/689
Placebo Reference 57/683
Logrank P-value: 0.1690 + Censor
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Moderna COVID-19 Vaccine Emergency Use Authorization Review Memorandum

Figure 2. Cumulative Incidence Curves for the First COVID-19 Occurrence After Randomization,
mITT Set







