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ABSTRACT

The unprecedented magnitude of the 2013-2016 Ebola virus (EBOV) epidemic in West Africa
resulted in over 11,000 deaths and spurred an international public health emergency. A second
outbreak in 2018-2020 in DRC resulted in an additional >3400 cases and nearly 2300 deaths
(WHO Disease Outbreak News: Update 26 June, 2020). These large outbreaks across
geographically diverse regions highlight the need for the development of effective oral
therapeutic agents that can be easily distributed for self-administration to populations with active
disease or at risk of infection. Herein, we report the in vivo efficacy of N*-hydroxycytidine
(EIDD-1931), a broadly active ribonucleoside analog and the active metabalite of the prodrug
EIDD-2801 (molnupiravir), in murine models of lethal EBOV infection. Twice daily oral dosing
with EIDD-1931 at 200 mg/kg for 7 days, initiated either with a prophylactic dose 2 hours before
infection, or as therapeutic treatment starting 6 hours post-infection, resulted in 92-100%
survival of mice challenged with lethal doses of EBOV, reduced clinical signs of Ebola virus
disease (EVD), reduced serum virustiters, and facilitated weight loss recovery. These results
support further investigation of molnupiravir as a potential therapeutic or prophylactic treatment

for EVD.

KEYWORDS: Ebolaantiviral, ribonucleoside analog, N*-Hydroxycytidine, EIDD-1931,

EIDD-2801, molnupiravir

ABBREVIATIONS: EBOV, Ebolavirus; EVD, Ebolavirus disease; NHC, N*-
Hydroxycytidine; PFU, plague forming units; LDsp, virus dose causing 50% lethality; maEBOV,

mouse-adapted Ebola virus; QD, oncedaily; BID, twice daily; PO, oral dosing; IV, intravenous
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infusion; LLOD, low limit of detection; LLOQ, low limit of quantitation; GEg, genome

equivalent; mAb, monoclonal antibody

1. INTRODUCTION

At least 30 outbreaks of Ebola virus disease (EVD) have occurred since the late 1970s with the
vast majority occurring in isolated rural villages (Keita et al. 2021). However, the 2013-2016 and
2018-2020 outbreaks demonstrated that EBOV can be spread easily in densdaly populated urban
centers. Moreover, owing to rapid international travel, the disease could be further spread to
populations that had not been at risk of infection with this previously geographically limited
virus. The EBOV outbreak in Guineain 2021 added a new dimension to how disease can be
transmitted. Up until this outbreak it had been assumed that all new outbreaks were the result of
independent zoonotic transmissions from intermediate or amplifying animal reservoirs and then
continued via human-to-human spread by direct contact with contaminated bodily fluids and
tissues (Rewar & Mirdha2014). However, genomic analysis of virusisolated from patientsin
the 2021 outbreak strongly suggests that this virus was related to the one causing the 2013-2016
outbreak, and that cases in the later outbreak were likely the result of persistent infectionin a
former survivor. The persistent infection led to subsequent transmission of the virus (Keita et al.

2021).

EVD is severe and often fatal. A large percentage of patients fall ill within 2 to 20 days after
infection with a 50 to 90% death rate observed from the most pathogenic EBOV species. During
the early stage of EVD, patients usually present with non-specific flu-like symptoms that rapidly
progress to gastrointestinal symptoms such as vomiting and diarrhea (Feldmann & Geisbert

2011). During the late stage of disease, thereis an increase in vascular permeability and a
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systemic inflammatory response with massive tissue injury. At this stage, hemorrhagic
manifestations such as petechiae, ecchymosis, and mucosal hemorrhages can be seen (Kortepeter
et al. 2011). The main causes of death are multiple organ failure and shock (Bwaka et al. 1999).
In survivors, EBOV can persist in various immunologically protected body compartments and
fluids such as semen, chambers of the eye, and the central nervous system for months after
infection. The persisting virus can lead to EVD-related sequelage, transmission, and virus
reactivation (Vetter et al. 2016a, Vetter et al. 2016b). Sexual transmission from conval escent
survivors likely occurs and is a suspected cause of re-emergence (Den Boon et al. 2019). Given
the severity of disease, high fatality rate, and extreme threat to public health that Ebola presents,
the National Institute of Allergy and Infectious Diseases (NIAID) and the Centers for Disease

Control (CDC) have classified it as a Category A pathogen.

Two Ebola vaccines have been approved (EMA 2019, FDA 2019). However, the strategy for
how best to use them across the endemic range of the diseaseis still being debated given the
infrequency of outbreaks, as well as socio-economic and political environments (Bausch 2021).
The use of vaccines in non-endemic regions to protect against spread by infected travelers or for

protection against a bioterrorist attack also seems unlikely.

Two monoclonal antibody (mADb)-based therapeutics have been approved for the treatment of
EBOV infection: Ebanga™ (ansuvimab-zykl) and Inmazeb™ (a mixture of maftivimab,
odesivimab, and atoltivimab). Though effective, the intravenous administration of monoclonal
therapies requires specialized medical infrastructure which are often not available in rural areas.
Additionally, limited penetration of antibodies into immune sanctuaries where EBOV continues
to replicate has been reported, and this can result in relapses and persistent infection leading to

transmission (Keitaet al, 2021). Currently, there are no FDA approved oral therapeutic agents
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for the treatment or prevention of EBOV infection in humans. Given the issues associated with
vaccination and the medical infrastructure required for the intravenous administration of
monoclonal therapies, it is clear that oral therapeutics, that can be self-administered, are needed
for treatment and post-exposure prophylaxis. They are important not only in rural settings, where
social and logistic issues limit the effectiveness of vaccines and monoclonal therapies, but also in
densdaly populated areas where large numbers of people can be exposed and infected quickly.
They are also needed for non-endemic areas where the disease may be introduced by an infected

international traveler or by abioterrorist attack.

Here we report the prophylactic and therapeutic efficacy of orally administered N4-
hydroxycytidine (NHC), also identified as EIDD-1931 (Fig. 1), in amurine model of |ethal
EBOV in which infection isinitiated by intraperitoneal injection of a mouse adapted strain of
EBOV. This model provides an effective means of establishing in vivo efficacy; itis
characterized by defined clinical signs, uniform lethality, and a narrow window for time to death
(Haddock et al. 2018). Additionally, the cellular hallmarks of disease in mice are very similar to
the pathogenesis observed in the nonhuman primate (NHP) model of disease (Taylor 2007). The
results of thein vivo efficacy studies reported here strongly support the continued development

of EIDD-1931 for the prophylaxis and treatment of EVD.
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Figure 1: EIDD-1931, N*-hydroxycytidine, after phosphorylation by host kinases acts as a
competitive, alternative substrate for the virally encoded RNA-dependent RNA-polymerase
(Yoon et al. 2018, Painter et al. 2019, Gordon et al. 2021). Incorporation of EIDD-1931-5’-
monophosphate into nascent chain RNA has been shown to cause acceleration of viral decay
(“error catastrophe’) and loss of virulence (Urakova et a. 2018, Yoon et al. 2018, Agostini et al.
2019, Sheahan et al. 2020). Molnupiravir (EIDD-2801), which has been authorized for
emergency use in multiple countries for the treatment of mild to moderate COVID-19, isthe5’-
isobutyrate ester prodrug of EIDD-1931.

2. Materials and Methods

Compounds and Viruses. EIDD-1931, greater than 97% pure, was prepared at the Emory
Institute for Drug Devel opment as previously described (Painter et al. 2019). A mouse-adapted
Ebolavirus (maEBOV; M.musculus/COD/1976/M ayinga-CDC-808012), originally derived from
the 1976 Ebola virus Zaire isolate Y ambuku-Maynga (Bray et al. 1998), was propagated at the
University of Texas Medical Branch (UTMB) and used in all in vivo experiments. All work with
infectious virus was conducted under Biological Safety Level 4 (BSL-4) conditionsin the Robert

E. Shope Laboratory and Galveston National Laboratory BSL-4 laboratories at the UTMB.

In vivo Efficacy testing. All animal experiments were approved by the Institutional Animal
Care and Use Committee of The University of Texas Medical Branch and performed following
the guidelines of the Association for Assessment and Accreditation of Laboratory Animal Care

International (AAALAC) by certified staff in an AAALAC-approved facility.

BALB/c mice (equal sex, 8-9 weeks old at the time of infection) were obtained from Envigo
Laboratories and housed under specific pathogen-free conditions. Food, water, and bedding were
routingly supplied, changed, and monitored. Mice were assigned to study groups as shown in

Table 1.
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TABLE 1. Experimental Design for Treating Ebola-Challenged Mice with EIDD-1931

b

Dosing Initiation and
Study ® Group n Treatment  Dose Level Dose Route © g

Volume Frequency

1 12 Vehice® - 0.1mL PO .
On Day 0, dosing occurred 2h

+ 15 minprior to virus
chdlenge, 4h + 30 min post-
2 12 EIDD-1931 100 mg/k 0.1mL PO
mg’kg m challenge then QD (24h + 1h,
throughout) for 6 additiond
days (n=8 totd doses)

3 12 EIDD-1931 200mg/kg 0.2mL PO

On Day 0, dosing occurred 2h
+ 15 min prior to virus
chalenge, 4h + 30 min post-
chalenge, 12h + 1h post-
challenge, then BID (12h + 1h,
relevant to the chdlenge
timepoint) for 6 additional days
(n=15 total doses)

4 12 EIDD-1931 200mg/kg 0.2mL PO

1 12 Vehicle® - 0.1mL PO  BID (12h + 1h gpart) beginning
6h + 30min post-challenge on
Day O for 7 days (14 tota

2 12 EIDD-1931 200mg/kg 0.2mL PO  doses)

BID (12h % 1h apart) beginning
3 12 EIDD-1931 200mg/kg 0.2mL PO  24h x 1h post-challenge on Day
Ofor 7 days (14 total doses)

&prophylactic treatment (Study 1) and therapeutic treatment (Study 2)
® 1, number of animals; equal sex

°PO, per osviaora gavage

4QD, daily; BID, twice daily

®mice treated with vehicle only (0.24M sodium citrate, pH 3)

Mice were challenged with atarget dose of 100 PFU maEBOV viaintraperitoneal injection.
Virus challenge dose was verified using a standard plague assay as previously described

(Shurtleff et al. 2016). Animals were dosed with vehicle or EIDD-1931 per 0s(0.1t0 0.2 mL as
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indicated, Table 1) following sedation with isoflurane. In addition to the listed groups, two
sham-infected control groups were used in each study that received either vehicle or the highest
dose of EIDD-1931 (200 mg/kg). Animals were monitored daily for development of clinical
signs and changes in body weight. Clinical scoring and health assessments were performed and
documented at each observation. The following scoring chart was used: 1, healthy; 2, displaying
mild signs of lethargy, some fur ruffling, no hunched posture; 3, fur ruffling, hunched posture,
mild signs of lethargy; 4, ruffled, hunched posture, increased lethargy and limited mobility; 5
(immediate euthanasia), moribund, ruffled, hunched posture with reduced or minimal mobility
consistent with inability to reach food or water OR >20% weight loss. In cases where severdl
observations occurred on the same day, clinical score was calculated by averaging the
observations. Body weights were monitored daily through day 10 post-challenge then every third

day until the end of the study.

Terminal Serum Viral Load Measurement. When possible, blood was collected into serum
separator tubes at terminal euthanasiafor viral load measurement via quantitative real-time PCR
(qRT-PCR) and plague assay. Collected serafor gRT-PCR analysis was added to TRIzol® LS
Reagent (Thermo Fisher, Waltham, MA, USA) (1:5 ratio), mixed, then stored frozen at -80°C.
For analysis, samples were processed for RNA extraction and purification using the Zymo
Direct-zol ™ RNA Mini Prep kit (Zymo Research, Irvine, CA, USA) per manufacturer
ingtructions. RNA samples were reverse transcribed and amplified using TagMan™ chemistry
and the CFX96 Touch™ Real-Time PCR Detection System (Bio-Rad, Hercules, CA, USA).
Primers and probe targeted the glycoprotein gene from EBOV (GenBank accession no.
AF086833). For quantification purposes, an HPLC-purified synthetic EBOV RNA containing

the conserved EBOV glycoprotein sequence was used.
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Collected serafor plague assay analysis was stored frozen at -80°C. For analysis, serum samples
werer serialy diluted in filter-sterilized dilution medium (MEM/1% heat-inactivated fetal
bovine serum/1% Penicillin-Streptomycin) and were analyzed according to standard plaque

assay on Vero E6 cell monolayers as previously described (Shurtleff et al. 2016).

3. RESULTS

Given the high exposures achievable in mice plasma and organs after oral dosing (Painter et al.
2019), thein vitro efficacy of EIDD-1931 (3-3.8 uM ECso; Reynard et al. 2015) was deemed
sufficient to justify testing in a mouse model of Ebolainfection. EIDD-1931 was first tested as a
prophylaxis for lethal EBOV infection in BALB/c mice in which dosing was initiated 2 hours
prior to infection. This study was followed by a therapeutic treatment study in which dosing was
initiated 6 or 24 hours post infection. Mice were challenged by an intraperitoneal injection of
approximately 100 plague forming units (PFU) of mouse-adapted EBOV virus (maEBQOV), an
exposure that has previously been shown to be 100% lethal in thismodel (Bray et al. 1998). In
the prophylaxis study the challenge dose was confirmed to be between 80 and 116 PFU; in the
therapeutic study the challenge dose was verified to be higher, between 244 and 273 PFU. Each
study had an infected control group that received vehicle only as well as two sham-infected
controls that received either vehicle or the highest dose of EIDD-1931 used in the study.
Consistent with previous studies (Painter et al. 2019), none of the EIDD-1931 treated sham-
infected mice exhibited any signs of toxicity as evidenced by lack of weight loss or increasein

clinical scores (data not shown).

3.1  Prophylactic Dosing with EIDD-1931
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On study Day 0, the same prophylactic dose of 200 mg/kg of EIDD-1931 was administered 2
hours prior to virus challenge to three groups of mice (Groups 2-4; Table 1, Study 1). Micein
groups 2 and 3 were then administered 4 hours post virus challenge either a 100 or 200 mg/kg
dose of EIDD-1931, respectively, then once daily (QD) starting 24 hours post-challenge with the
same doses for 6 additional days (8 total treatment doses). Mice in group 4 were administered a
200 mg/kg dose of EIDD-1931 4 and 12 hours post virus challenge and then treated BID (every
12 hours) with the same dose for six additional days (15 total treatment doses). A vehicle
treatment group (group 1) of maEBOV -challenged mice was dosed QD for 6 days. The Kaplan-
Meier survival curves for the prophylactic study are shown in Fig. 2A. All mice challenged with
virus that received daily administration of vehicle succumbed on Study Days 3-7, the expected
time to death following administration of 100 PFU (approx. 3000 LDsp) EBOV (Bray et al.
1998). Mice challenged with virus that received QD administration of EIDD-1931 at 100 mg/kg
or 200 mg/kg demonstrated 50% and 58.3% survival rates, respectively, p<0.0001 for both. All

mice that received 200 mg/kg EIDD-1931 BID survived to the end of the 24-day study period.

Vehicle-treated mice had atypical rapid increase in average clinical scores beginning on Study
Day 3 and ending on Study Day 7 when all subjects had succumbed to EVD (Fig. 2B). The
severity of EVD was significantly reduced in mice treated QD with 100 and 200 mg/kg EIDD-
1931. Theincrease in average clinical score in mice from these two groups was similar between
Study Days 3 through 7, and all surviving subjects no longer showed signs of EVD starting on
Study Day 12. Mice treated with 200 mg/kg EIDD-1931 BID followed a similar score trend as
mice receiving QD treatments but with lower maximum average values. Starting on Study Day

10, all micein this group were noted as healthy.

Initial decreases in body weights were seen in all EBOV-infected groups (Fig. 2C). Vehicle-
10
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treated mice presented with a cons stent decrease in average body weight beginning on Study
Day 1. Once-daily EIDD-1931-treated mice also demonstrated decreases in average body
weight beginning on Study Day 1 and continued through Study Day 6-9. Mice receiving 200
mg/kg BID also experienced initial body weight loss although the maximum decrease, which
was observed on Study Day 6, was less than those in the vehicle and the QD treated groups. For
all surviving EIDD-1931-treated mice, average body weights started to increase beginning on

Study Days 6-9 and continued to increase through the end of the study (Study Day 24).

Blood samples for terminal serum viral loads from eight animals were available from mice
receiving vehicle treatment (all euthanized in moribund conditions) and determined to have
mean virus titers of 2x10"* GEg/mL (n=8) and infectious titers between 10° and 10" PFU/m
(n=5). Blood samples from all twelve mice receiving 200 mg/kg of EIDD-1931 BID (all
survived to the end of the study) were available and determined to have viral titer loads below
the lower limit of detection for the assay (LLOD) of 1x10° GEg/mL. Three of 8 blood samples
available from mice receiving EIDD-1931 at 100 mg/kg QD showed virus loads of 10°% 10" and
10" GEg/mL. It isinteresting that mice with the 10° and 10" GEg/ml PCR titers (both survived
to the end of the study) had no measurable infectious virus. The mouse with 10*° PCR titer,
which succumbed on study day 6, had 10° PFU/ml. The remaining five blood samples from this
group had serum viral loads below the LLOD. One of these PCR-negative mice succumbed to
EVD on study day 9 and the other four survived to the end of the study. Out of ten blood
samples that were collected from mice receiving 200 mg/kg QD, seven were from mice
survived to the end of the study and were determined to have serum viral loads below the
LLOD. Thethree remaining samples were from mice that succumbed to disease on study day 7

and were determined to have viral loads of 10° to 10" GEg/mL and infectious titers of 10* to

11
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10° PFU/ml.
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FIG 2. Effect of EIDD-1931 treatment initiated 2 hours before lethal Ebola virus challenge. (A)
Kaplan-Meier survival curves; (B) Clinical score results; (C) Body weight dynamics. Vehicle-
treated group (o); EIDD-1931 100 mg/kg QD treated group ( A); EIDD-1931 200 mg/kg QD

group ('V); and EIDD-1931 200 mg/kg BID group (e). Data shown as average values + standard
deviation. **** p < 0.0001.
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3.2  Therapeutic treatment with EIDD-1931

Given the superior performance of BID dosing in prophylaxis studies, it was utilized in
therapeutic studies. Micein 3 treatment groups were orally administered vehicle or 200 mg/kg
doses BID beginning 6 or 24 hours post virus challenge (Table 1, Study 2). Virus challenge
dose in this study was determined to be higher than expected, ~250 PFU/mouse (~7500 LDsy).
All mice challenged with virus followed by BID dosing with vehicle succumbed to the disease
by Study Days 2-6 (Fig. 3A). Eleven out of 12 (92%) mice treated with 200 mg/kg BID starting
6 hours post challenge survived to the end of the study (p<0.0001). Delay of treatment initiation
by 24 hours post infection resulted in an increase of mean time-to-death by 1 day compared to
the vehicle-treated group, although all mice succumbing to EVD. When 200 mg/kg BID dosing
was initiated 48 hours post challenge, time-to-death and clinical course of EVD was no

different than that observed for the vehicle-treated mice (data not shown).

Mice receiving treatment starting 6 hours post challenge had a minimal increase in average
clinical score between Study Days 3-10 (Fig. 3B). The average clinical score decreased in this
group after Day 7 and mice remained healthy thereafter. Vehicle and EIDD-1931 treated mice
dosed starting 24 hours post challenge had rapid loss of body weight starting on Study Day 2-3,
which continued until all animalsin these groups succumbed to EVD (Fig. 3C). Mice treated
with EIDD-1931 starting 6 hours post challenge also showed an initial decrease in body weight
that lasted through Study Day 7. Body weights began to recover after Day 7 in this group and

returned to or exceeded the Study Day 0 values by the end of the study.

Results from gRT-PCR analysis of 6 terminal serum samples available from mice receiving

13


https://doi.org/10.1101/2022.10.18.512767
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.10.18.512767; this version posted October 18, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

vehicle treatment and euthanized on Study Days 2-6 indicated viral loads ranging from 8x10° to
3x10™ GEg/mL and all had infectious virus load between 10° and 10° PFU/mI. Eleven
analyzable terminal serum samples (all from surviving mice) were collected at the end of the
study from mice receiving EIDD-1931 treatment initiated 6 hours post virus challenge. Nine of
the samples had virus loads below the LLOD (1x10° GEg/mL) while 2 other samples were
above the LLOD but below the lower limit of quantification (LLOQ, 1x10° GEg/mL). All these
samples had undetectable infectious virus. Seven terminal serum samples were collected on
Study Days 5-8 from mice receiving EIDD-1931 treatment initiated 24 hours post virus
challenge. These samples had detectable and quantifiable levels of virus: one sample had 10°
GEg/mL and six other had 10™ to 10" GEg/mL. All seven samples had detectable infectious

virus, ranging from 10% to 10° PFU/m.
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FIG 3. Effect of therapeutic EIDD-1931 treatment when initiated 6 or 24 hours post lethal Ebola
virus-challenge. (A) Animal survival curves; (B) Clinical score results; (C) Body weight
dynamics. Vehicle-treated mice (o), mice treated with EIDD-1931 200 mg/kg BID starting 6
hours post-infection (e), and mice treated with EIDD-1931 200 mg/kg BID starting 24 hours
post-infection (V). Data shown as average values + standard deviation. **** p <0.0001.

4. DISCUSSION

Ebola virusinfections result in high mortality and morbidity presenting a significant threat to
human health. Expansion of human activities to areas of endemic Ebola disease coupled with the
challenges of early detection and prompt responses makes future epidemics more likely to spread

broadly and emerge in different, previously not affected, geographical locations. Despite the
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availability of monoclonal antibodies for the treatment of EBOV infectionsthereis aclear need
for an easily accessible, oral therapeutic that is broadly efficacious against multiple filoviruses

and that overcomes the tissue penetration issues associated with monoclonal antibodies.

The availability of arobust small animal model of EVD that mimics disease in humans and can
serve as areliablefirst line system in which therapeutic agents and vaccines can be evaluated is
critical. Mice are a preferred small animal for model research. Although the immunocompetent
mouse model of EBOV infection is recognized for the failure to produce some key (though not
constant) symptoms including coagulopathy, hemorrhagic signs, or petechial rash, this model
successfully represents many of the hallmark characteristics of EVD in humans and NHPs
including rapid onset of viremia, high viral burden and extensive necrosisin multiple organs,
widespread apoptosis of lymphocytes, and a proinflammatory cytokine response (St Clair et al.

2017).

Anti-EBOV activity of NHC reported in cell culture models of infection (Reynard et al. 2015)
supported the idea of conducting efficacy studiesin the mouse model of lethal maEBOV
infection. The pharmacokinetic and tissue distribution profile of EIDD-1931 had previously
been determined in CD1 mice and showed that after oral administration EIDD-1931 was rapidly
absorbed and widely distributed to tissuesinvolved in EVD, including the spleen, liver, heart,
lung, and brain (Painter et al., 2019). Since the bioavailability of EIDD-1931 in miceis high,
there is no additional advantage of dosing with the prodrug molnupiravir (Figure 1); we have
demonstrated that mouse plasma exposure to EIDD-1931 was very similar after oral dosing with
EIDD-2801 or EIDD-1931 (Toots et a 2019). The distribution of EIDD-1931 to organs and the
levels of tissue anabolism to its active 5’ -triphosphate form are determined by circulating plasma
levels of EIDD-1931 regardless of whether animals are dosed with molnupiravir or EIDD-1931.
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The study described in this paper isthe first to show that EIDD-1931 can effectively protect mice
from death caused by EVD. Specifically, this data demonstrated that prophylactic oral dosing
with EIDD-1931 resulted in a 100% survival rate (n=12, p<0.0001) when used in a BID dosing
regimen. While average clinical scores were elevated and body weights decreased during initial
stages of treatment, the clinical scores returned to normal and body weights increased steadily
after days 7-9 post challenge. Oral treatment with EIDD-1931 initiated 6 and 24 hours post
infection was also evaluated. In this experiment where mice were challenged with ~7500 LDsg
and started to die as early as on Day 2 post-challenge (Fig. 3A), the window for therapeutic
initiation of treatment was found to be quite short: all mice died when treatment initiation was
delayed by 24 or 48 hours post challenge. However, when EIDD-1931 treatment was initiated 6
hours post challenge, 92% of mice survived. Consistent with the prophylactic dosing results,
averageinitial clinical scores were elevated, and body weights decreased during the initial phase
of treatment, but the clinical scores subsequently returned to normal and body weights increased
steadily until the end of the study. Protection of mice from alethal challenge of maEBOV
indicates that after oral dosing with EIDD-1931, adequate exposure to EIDD-1931-5' -
triphosphate was achieved in tissues and organs critical to the pathogenesis of EVD. It should be
noted that in human clinical trials, EIDD-1931 plasma exposure achieved after dosing with
molnupiravir was well comparable to that achieved in mice after oral dosing with 200 mg/kg of

EIDD-1931 (Painter et a. 2019, Painter et al. 2021, Khoo et al. 2021).

The assessment of molnupiravir in human patients as a potential prophylaxis and treatment for
EVD should be facilitated by a well-established record of safety data from multiple clinical

studies and from extensive use under Emergency Use Authorization (EUA) protocols for the
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treatment of COVID-19. (Painter et al. 2021, Arribas et al. 2021, Bernal et a. 2021, FDA News

Release 12/23/2021).

The result of the PALM study (Mulangu et al 2019) has been a mgjor advance in the Ebola
therapy using mAbs, however the residual mortality of 34% despite treatment suggests thereis
room for improvement, including combination treatment with antivirals. The direct-acting
antiviral molnupiravir could be studied as an add-on therapy to standard-of-care to evaluate for
reduction in mortality and viral shedding. Another potential indication for molnupiravir could
include post-exposure prophylaxis for highly exposed Ebola contacts, particularly those located
in remote areas where facilities for intravenous infusion of mAbs are limited. Even when such
capabilities are available, the community contacts are often reluctant to go the facility for IV
infusion because of stigma and also because they don't feel that they are sick. Oral pills taken at
home could be an attractive alternative. Thein vitro and in vivo activity against EBOV coupled
with good bioavailability of molnupiravir supports further testing and clinical development using
an NHP mode of Ebolainfection, amodel the US FDA agreesis relevant and adequately
characterized to support filing under the Animal Efficacy Rule (FDA 21CFR314). Preliminary
PK and tissue distribution studies conducted in Cynomolgus macaques have shown that EIDD-
1931 iswidely distributed (data not shown), including into brain and testes, that may sequester

virus and are untreated by antibody therapies.
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