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A B S T R A C T

BACKGROUND: PrEP-001 Nasal Powder, a proprietary formulation of polyriboinosinic and polyribocytidylic
acid effectively elicits a cellular innate immune response in nasal epithelium. The aim of these 2 studies was to
investigate the safety and efficacy of PrEP-001 prophylaxis against rhinovirus (HRV-A16) and influenza-A
(H3N2-IAV).
METHODS: Healthy subjects randomly received 2 doses of PrEP-001 or placebo, 48 and 24 h pre-challenge with
10 TCID50 of HRV-A16 (Study 1) or H3N2-IAV (Study 2).
RESULTS: In Study 1, PrEP-001 reduced median total symptom score from 38.5 to 4.5 (p=0.004), median
symptom duration from 6.0 to 1.7 days and median mucus production from 15 g to 3 g. The percentage of
subjects classified as ill was reduced 3-fold (placebo 73%, PrEP-001 23%, p= 0.002). In Study 2, PrEP-001
reduced median total symptom score from 8.0 to 4.1 (p= 0.021), median symptom duration from 4.6 to 3.7
days and median mucus production from 3.6 g to 1.5 g. The percentage of subjects classified as ill was reduced 2-
fold (placebo 48%, PrEP-001 24%, p= 0.064). PrEP-001 reduced peak viral shedding in both studies, as assessed
by qRT-PCR of nasal lavage. Seroconversion rates were comparable between placebo and PrEP-001 (Study 1:
77% [both arms]; Study 2: placebo 73%, PrEP-001 80%). PrEP-001 was well-tolerated, with no clinically sig-
nificant adverse events.
CONCLUSIONS: PrEP-001 reduced the number of individuals with clinical illness and attenuated severity and
duration of HRV-A16 and H3N2-IAV infections without compromising seroconversion, and was well-tolerated.
This supports further evaluation of PrEP-001 as a potential pan-viral prophylaxis for upper respiratory tract
infections.
CLINICAL TRIAL REGISTRATION: Study 1, HRV-A16 study: EudraCT Number 2012-005579-14 (study con-
ducted before ClinicalTrials.gov registration required). Study 2, H3N2-IAV study: EudraCT Number 2015-
002895-26 and ClinicalTrials.gov: NCT03220048.

1. Background

Hundreds of millions of people worldwide suffer upper respiratory
viral infections (URVIs) annually. They are caused by a wide range of
viruses that are generally divided into influenza and non-influenza ill-
nesses, the latter usually being referred to simply as the ‘common cold’,
the most common human viral affliction (Eccles, 2005). Common colds
and ‘flus share common symptoms including sore throat, cough, nasal
congestion, and rhinorrhea. Generally, viral transmission is via con-
taminated surfaces or aerosols of viral particles (Fiore et al., 2011;
Turner, 2007; Turner et al., 2007; Eccles, 2007) and, although variable
in terms of pathogenesis, epidemiology and temporal appearance, their

manifestations are similar. Most cases of URVIs are self-limiting,
causing minor illness before the patient fully recovers.

However, serious illness can develop, especially among certain
high-risk groups, such as the very young, elderly, adults with under-
lying respiratory conditions, and immunosuppressed patients (Chidekel
et al., 1997; Ghosh et al., 1999; Kim and Hodinka, 1998), resulting in an
annual estimated total economic burden of $40 billion in the USA for
non-influenza infections (Fendrick et al., 2003) and $87.1 billion at-
tributable to annual influenza epidemics (Molinari et al., 2007).

Viral pathogens primarily responsible for the common cold are
Picornaviridae (mostly rhinoviruses), Coronaviridae, and Adenoviridae.
During the peak season, up to 80% of URVIs may be the result of
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rhinoviruses (Turner, 2007; Turner et al., 2007). Human rhinovirus
(HRV) infection accounts for around 50% of asthma and chronic ob-
structive pulmonary disease (COPD) exacerbations, occasionally
leading to serious complications, such as pneumonia (Tan et al., 2003).
Currently, no approved vaccines or direct-acting antivirals exist for the
prevention or treatment of rhinovirus, coronavirus, adenovirus or the
other etiologic agents of the common cold, and available medications
can only provide symptomatic relief (National Institute of Allergy and
Infectious Diseases). Regarding influenza, in addition to the seasonal
influenza vaccine, there are approved antiviral treatments (e.g. oselta-
mivir), although each has notable limitations.

During a typical URVI, the virus enters the nasal epithelium and
replicates rapidly, spreading throughout the upper respiratory system
within 24–72 h. As the viral proteins and virus particles appear on the
surface of the epithelial cells, the adaptive immune system begins the
process of selecting and expanding the T- and B-cells necessary to
eliminate the infected epithelial cells and block re-infection by free
virus (via neutralizing antibodies), respectively. The innate immune
response acts rapidly as a first-line defence to prevent viral invasion or
replication before protection by the adaptive immune system occurs. In
the cellular innate immune response, pattern recognition receptors
(PRRs) are engaged to detect specific viral components, such as viral
RNA or DNA, or viral replication intermediates. In the case of URVIs,
caused mostly by RNA viruses or involving double-stranded RNA in-
termediates, the key PRRs are Toll-like Receptor 3 (TLR3) and two Rig-
like helicases, retinoic acid-inducible gene I (RIG-I) and Melanoma
Differentiation-Associated protein 5 (MDA-5) (Pichlmair et al., 2009).
Once activated, the PRRs precipitate a cascade of signalling events
leading to a pleiotropic response that inhibits viral replication within
the cell (Thompson et al., 2011), signals neighbouring cells rendering
them refractory to viral invasion (Takeuchi and Akira, 2010), and en-
hances migration of immune system cells into the area (Koyama et al.,
2008; Mogensen, 2009; Slater et al., 2010). Once the infection has been
cleared, T- and B-cells provide a ‘memory’ of the infection, which
confers immunity to the specific virus lasting years.

PrEP-001 (previously JNJ-43260295) Nasal Powder, is a dry
powder proprietary formulation of polyinosinic and polycytidylic acid,
sodium salt (poly I and poly C). Applied nasally, PrEP-001 or Poly I:C, is
an effective immunomodulator currently in development for pan-viral
prophylaxis against the common cold and influenza illness. Poly I:C is a
well-established synthetic double-stranded RNA that acts as a viral
genome surrogate and activates the antiviral response of the cellular
innate immune system by stimulating the PRRs Rig-1, MDA-5, and
TLR3 (Caskey et al., 2011; Mian et al., 2013).

Pre-clinical (in-house mouse influenza H1N1 lethal challenge stu-
dies, unpublished) and early clinical studies (Single ascending dose,
unpublished) suggested PrEP-001 would be a safe and effective pro-
phylaxis for URVIs. Thus, 2 placebo-controlled studies were conducted
to further evaluate the effects of PrEP-001 in healthy volunteers chal-
lenged with either HRV-A16 (Study 1) or H3N2-IAV (Study 2).

2. Methods

These studies were phase Ib/II, double-blind, placebo-controlled
trials to examine the efficacy, safety, and tolerability of repeated pro-
phylactic nasal dosing of PrEP-001 in healthy adult subjects who were
subsequently inoculated with HRV-A16 (Study 1) or H3N2-IAV (Study
2). These two viral strains were selected as models since HRV-A16 is
known to effectively elicit symptomatic colds and H3N2-IAV viruses are
circulating in most flu seasons, so they represent frequently occurring
strains that are suitable for use in healthy volunteers challenge studies.
The HRV-A16 was obtained as a Wild-Type HRV-16 Challenge Virus
from Retroscreen Virology Ltd and H3N2-IAV was obtained as a Wild-
Type Influenza A/Perth/16/2009 Challenge Virus from Meridian Life
Sciences. Both challenge viruses were manufactured under current
Good Manufacturing Practice (GMP) and had undergone quality testing

by the manufacturer regarding appearance, sterility, infectivity and
contaminants according to pre-determined specifications. Before study
initiation, independent ethics committee approval was obtained (Study
1 - NRES Committee London - City & East; Study 2 - North East -
Newcastle & North Tyneside 2 Research Ethics Committee) and all
subjects provided written informed consent prior to their participation.
Both studies were conducted at specialised quarantine units in the UK;
Study 1 between July 2013 and September 2014, and Study 2 between
September 2015 and March 2016.

In Study 1, eligible subjects comprised healthy males or females
aged 18–45 years (inclusive), with a body mass index (BMI) between 18
and 28 kg/m2 (inclusive) and body weight ≥50 kg. Study inclusion
criteria were similar in Study 2, although subjects up to 55 years were
eligible to participate. All subjects were screened for the absence of
antibodies to the relevant challenge virus. Subjects were excluded if
they had any significant acute or chronic uncontrolled medical illness
or had any condition, including a history of abnormal pulmonary
function, associated with increased risk of complications of respiratory
viral illness or that would make the subject unsuitable for a quarantine
challenge study. All subjects were non-smokers and non-atopic. The use
of any medication other than the study drug was prohibited, except for
hormone replacement therapy (HRT) and contraceptive therapy during
the entire quarantine phase of the study.

Both studies followed the same format: screening, prophylaxis/in-
oculation (within a quarantine environment), and follow-up. Eligible
subjects were randomized 1:1, with randomization numbers generated
by the sponsor and corresponding to blinded treatment kits that were
assigned sequentially in ascending order. The assigned randomization
number determined whether a subject was given either 2 doses of PrEP-
001 or matching placebo, one dose at 48 h and one dose at 24 h prior to
nasal inoculation with 10 TCID50 of either HRV-A16 (Study 1) or H3N2-
IAV (Study 2). The 2-dose regimen was chosen based on results from an
initial rhinovirus challenge study where a single dose was administered
24 h pre-inoculation (see Additional File 1 for study results, including
Additional Fig. 1 and Additional Tables 1–3).

In both studies, each nasally administered dose of PrEP-001 was
6.4 mg (4×800 μg administrations per nostril using a dry powder
applicator). Following inoculation (10 TCID50 in 100 μl administered as
two 25 μl instillations per nostril, alternating nostrils between instilla-
tions), subjects were observed specifically for potential allergic reac-
tions within 30min, and for the following 24 h; subjects were then
monitored throughout the quarantine period. Subjects completed a
modified Jackson questionnaire which assessed 10 symptoms on a 4
point scale, 3 times daily for 8 days. Daily nasal discharge was collected
and regular nose and throat lavage samples were taken. Patients re-
turned for follow up 28 days after the study.

The approach in both studies was to assess total symptom score,
duration of symptoms, mucus production, viral shedding, seroconver-
sion, and the percentage of subjects with study-defined clinical illness
over an 8-day quarantine period. Viral shedding was monitored in nasal
lavage by quantitative real-time polymerase chain reaction (qRT-PCR)
(Mackay et al., 2002). Safety was assessed throughout the study by the
incidence of treatment emergent adverse events (TEAEs) and changes
from baseline in routine clinical laboratory parameters, vital signs,
physical examination, and 12-lead electrocardiogram (ECG).

2.1. Statistical analysis

With respect to Study 1, since this was an early development, ex-
ploratory study, no formal statistical calculations of sample size were
conducted and the number of subjects to be included per cohort was
deemed sufficient to evaluate the objectives. Similarly, with respect to
Study 2, no formal sample size calculation was performed; however the
sample size was consistent with a previous HRV-A16 challenge study,
with a similar design, conducted at the same unit and the sample size
was supported by historical placebo data from previously conducted
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influenza virus studies. The historical data showed that the within-
group coefficient of variation of total symptom score AUC ranged from
a minimum of 102% to an average of 120%. Assuming a two-sided t-test
with a 5% significance level and 80% power, in order to detect 90%
reduction in total symptom score AUC between placebo and PrEP-001,
then between 22 and 29 evaluable subjects per treatment group, re-
spectively, were required. Thus, the number of subjects included was
deemed sufficient to evaluate the objectives for both studies.

All endpoints were summarized using descriptive statistics.
Comparison between groups were made for total symptom scores using
Wilcoxon Rank Sum Test, with statistical significance based on the 5%
alpha level. Changes in viral load were reported as 95% CIs, and clinical
illness was evaluated as relative risks and compared between groups
using Fishers Exact Test.

3. Results

3.1. Disposition

Forty-four subjects were enrolled into Study 1 (HRV-A16 challenge
virus) and 55 were enrolled into Study 2 (H3N2-IAV challenge virus).
All subjects in Study 1 received the viral challenge and completed the
study (Fig. 1). In Study 2, three subjects were withdrawn prior to re-
ceiving viral challenge (2 subjects had elevated laboratory results and 1
subject was withdrawn due to nasal bleeding) so only 52 subjects re-
ceived the viral challenge, all of whom completed the study (Fig. 1).

3.2. Demography

In Study 1, 70% of subjects were male, age ranged from 18 to 44
years, BMI ranged 18.5–27.9 kg/m2, and most subjects were white
(93%). In Study 2, 65% of subjects were male, age ranged from 19 to 41
years, BMI ranged 18.0–30.2 kg/m2, and most subjects were white
(83%). Full demographic details are provided in Table 1.

Fig. 1. CONSORT diagram.
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Nasopharyngeal swabs taken from all subjects on admission to the
quarantine unit tested negative for the respiratory virus screen and all
female subjects had a negative pregnancy test.

3.3. Total symptom scores

In Study 1, 16 (73%) and 18 (82%) subjects reported any clinical
symptoms in the PrEP-001 and placebo arms, respectively. Lower mean
overall total symptom scores were observed in the PrEP-001 group
compared with placebo (10.2 and 40.6 in PrEP-001 and placebo, re-
spectively), with this difference being statistically significant at the 5%
alpha level (Table 2). PrEP-001 also reduced median total symptom
score from 38.5 to 4.5 (Wilcoxon Rank Sum Test, p= 0.004). The
median duration of symptoms was also reduced to 1.7 days in the PrEP-
001 arm compared to 6.0 days in the placebo group.

In Study 2, 18 (72%) and 23 (85%) subjects reported any clinical
symptoms in the PrEP-001 and placebo arms, respectively. PrEP-001
prophylaxis resulted in a significantly lower median total symptom
score of 4.0 compared to 8.0 for placebo (p=0.021, Wilcoxon Rank
Sum Test).

Furthermore, comparing the upper quartiles of subjects with the
most severe symptom scores (median symptom scores of 27.5 and 52.5
for PrEP-001 and placebo, respectively), PrEP-001 prophylaxis de-
monstrated a comparable 2-fold lower total symptom score (p= 0.03).
The median duration of symptoms was 3.7 days in the PrEP-001 arm
compared to 4.6 days in the placebo group.

Mean total symptom scores over time for both studies are shown in
Fig. 2.

3.4. Mucus production

In Study 1, mean mucus production was 5.8 g in the PrEP-001 group
compared with 17.3 g in the placebo group. In Study 2, mean mucus
production was 4.0 g in the PrEP-001 group compared to 13.4 g in the
placebo group.

3.5. Viral load and viral shedding

In Study 1, the mean area under the viral load-time curve was lower
in the PrEP-001 group (1970.8) compared to placebo (9031.2), with a
difference between the groups of −7060.3 (95% CI: [−13152.5,
968.1]). Time to peak viral shedding was also delayed in the PrEP-001
arm (6.0 days) compared to placebo (4.3 days). In Study 2, the mean
area under the viral load-time curve was lower in the PrEP-001 group
(23781.6) compared to placebo (32944.4). The time to peak viral
shedding was also delayed in the PrEP-001 arm (6.0 days) compared to
placebo (3.3 days). In both studies PrEP-001 reduced peak viral shed-
ding.

3.6. Clinical illness rate

A subject was considered to be clinically ill if they had a laboratory-
confirmed presence of HRV-A16 (i.e. positive cell culture assay at least
once or at least 2 positive detections by PCR assay between Day 1 and
day of discharge; or seroconversion) and clinical symptoms, i.e. re-
porting ≥1 of 4 cold symptoms (runny nose, stuffy nose, sneezing, sore
throat) and scoring ≥2 points on a diary card on at least 2 consecutive
days. Based on these criteria, in Study 1, 5/22 (22.7%) and 16/22
(72.7%) of subjects were considered clinically ill in the PrEP-001 and
placebo arms, respectively. This resulted in an observed relative risk of
clinical illness of 31.2% (95% CI [5.2%, 57.3%]). The difference be-
tween PrEP-001 and placebo was statistically significant (p=0.002,
Fisher Exact Test). In Study 2, the same criteria were applied for clinical
illness, regardless of whether the subject was deemed febrile as many
subjects experienced no significant temperature elevation, consistent
with literature reports on naturally occurring influenza (Chughtai et al.,

Table 1
Baseline demographic characteristics.

Study 1 Study 2

PrEP-
001 N=22

Placebo
N=22

PrEP-
001 N=27

Placebo
N=28

Gender, n (%)
Male 15 (68.2) 16 (72.7) 19 (70.4) 17 (60.7)
Female 7 (31.8) 6 (27.3) 8 (29.6) 11 (39.3)

Age
Mean (SD) 24.7 (6.53) 25.1 (5.76) 26.4 (5.52) 26.0 (5.74)
Median
(range)

22.5 (20, 44) 24.0 (18,
44)

25.0 (19, 41) 24.0 (19, 41)

BMI
Mean (SD) 23.74 (2.492) 22.92

(2.553)
23.74 (2.992) 23.31

(2.976)
Median
(range)

23.30 (18.5,
27.8)

22.90 (19.3,
27.9)

23.40 (18.0,
30.2)

23.30 (18.7,
29.2)

Race, n (%)
White 20 (90.9) 21 (95.5) 25 (92.6) 21 (75.0)
Black 1 (4.5) 0 0 1 (3.6)
Other 1 (4.5) 1 (4.5) 2 (7.4) 6 (21.4)

Smoker
Yes 8 (36.4) 9 (40.9) 12 (44.4) 6 (21.4)
No 14 (63.6) 13 (59.1) 15 (55.6) 22 (78.6)

Table 2
Summary of total symptom scores (Days 1–8).

PrEP-001 Placebo

Study 1
N 22 22
Median (range) 4.5 (0–71) 38.5 (0–106)
Mean (SE) 10.2 (3.89) 40.6 (7.18)
95% CI 2.1, 18.3 25.7, 55.5
Difference PrEP-001/placebo −30.4
95% CI −46.9, −13.9
Study 2
N 25 27
Median (range) 4 (0–39) 8 (0–92)
Mean (SE) 9.1 (1.83) 20.6 (3.97)
95% CI 5.3, 12.9 12.3, 28.9
Difference PrEP-001/placebo −11.5
95% CI −20.1, −2.9

Table 3
Common treatment-emergent adverse events (reported in> 2 subjects in any group).

n (%) Study 1 Study 2

PrEP-
001 N=22

Placebo
N=22

PrEP-
001 N=27

Placebo
N=28

Any AE 14 (63.6) 14 (63.6) 17 (63.0) 21 (75.0)
ALT increased 2 (9.1) 4 (18.4) 2 (7.4) 6 (21.4)
AST increased 1 (3.7) 2 (9.1) 3 (11.1) 4 (14.3)
CRP increased 4 (18.2) 0 1 (3.7) 1 (3.6)
Blood cholesterol

increased
0 0 2 (7.4) 4 (14.3)

aPTT prolonged 0 0 2 (7.4) 4 (14.3)
Low density

lipoprotein
increased

0 0 0 3 (10.7)

Epistaxisa 8 (36.4) 8 (36.4) 0 0
Procedural

haemorrhage
0 0 6 (22.2) 9 (32.1)

All AEs shown above were treatment-emergent AEs, i.e. they had an onset on or after the
start of PrEP-001 or placebo dosing.

a Epistaxis is defined as abrasions caused by the delivery device itself. This and
Procedural haemorrhage (as it was labeled in Study 2) were immediate, minor, transient
and self-resolving.
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2017). Application of this definition yielded 6/25 (24%) and 13/27
(48%) subjects who were considered clinically ill in the PrEP-001 and
placebo arms, respectively (p=0.064, Fisher Exact Test, one-tailed).

3.7. Seroconversion rates

In Study 1, seroconversion was observed in 17 (77.3%) subjects in
both the PrEP-001 and placebo groups. Seroconversion rates between
the PrEP-001 and placebo arms were also comparable in Study 2 (PrEP-
001 12 patients [48%]; placebo 16 patients [59%]).

3.8. Safety

No deaths, serious adverse events (SAEs), or adverse events (AEs)
considered to be of severe intensity were reported in either study. No
subjects withdrew from Study 1. In Study 2, three subjects were with-
drawn prior to receiving the viral challenge: in the PrEP-001 group, 1
subject reported nasal bleeding and another subject had increased CRP;
in the placebo group, 1 subject had increased ALT. All AEs leading to
withdrawal were considered mild in intensity.

In Study 1, 63.6% of subjects in both treatment groups reported at
least one AE and in Study 2, 75.0% of subjects in the placebo group and
63.0% of subjects in the PrEP-001 group reported AEs. The majority of
AEs were considered mild in intensity and no AEs were considered
severe. The most frequently observed AEs (> 2 subjects in any treat-
ment group) in both studies are shown in Table 3. The cases of proce-
dural haemorrhage seen in this study were thought to be as a result of
scraping the nasal lining with the delivery device and not the result of
the active pharmaceutical ingredient. No reports of nasal irritation or
taste sensation were associated with the administration of either the
placebo or the active in either study.

In both studies, there was no consistent pattern of clinical concern

for any safety laboratory or urinalysis tests. In most cases where ab-
normalities were noted, these were judged not to be clinically sig-
nificant. There was no pattern of findings on physical examination, vital
signs, or ECG that suggested an adverse effect of PrEP-001 at the end of
the quarantine period or at the 28 day follow up. Overall, PrEP-001 was
well-tolerated in both viral challenge studies.

4. Discussion

PrEP-001, or Poly I:C, is a well-established synthetic double-
stranded RNA that acts as a viral genome surrogate and activates the
antiviral response of the cellular innate immune system by stimulating
the PRRs Rig-1, MDA-5, and TLR3 (Caskey et al., 2011; Mian et al.,
2013). It is a potent immunomodulating agent whose mechanism of
action is well characterized (Wong et al., 1995). Upon entering the cell,
Poly I:C activates the expression of a number of gene products that
renders the host cell refractory to viral replication (Kumar et al., 2006),
releases cytokines and chemokines which act in a paracrine fashion to
activate the antiviral response in adjacent cells and recruits cells of the
adaptive immune system into the area (Kawai and Akira, 2010; Savan,
2014). The prophylactic potential of Poly I:C has been demonstrated
using multiple viruses in cell culture (Pan et al., 2012), animal models
(Wong et al., 1995), and clinical trials (Lee et al., 2014), however,
pharmaceutically useful formulations for nasal application were un-
available.

PrEP-001 Nasal Powder is a proprietary formulation of poly I and
poly C that protects the RNA from degradation by ubiquitous RNAses
and enhances its retention in the nose and uptake by nasal epithelial
cells, as demonstrated by early in-house animal studies. Applied to the
nasal cavity, PrEP-001 Nasal Powder adheres to the mucosa allowing
the particles to be pynocytosed into nasal epithelial cells where PrEP-
001 activates the innate immune response. As a high molecular weight

Fig. 2. Mean (SE) total symptom scores over time.
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polymer, PrEP-001 remains in the cell and does not enter systemic
circulation (DeVincenzo et al., 2008). Within the cell, like all RNAs, it is
rapidly degraded into mononucleosides and immediately recycled via
cellular nucleoside pools into new cellular RNA molecules (de Clercq,
1979; Nordlund et al., 1970). Consequently, there is no liver burden or
potential for hepatic drug-drug interactions, and primary pharmacolo-
gical effects are localized to the area of application. Finally, as a syn-
thetic, non-coding, non-replicating RNA polymer, there is no risk of
unintended amplification (as with an attenuated virus), nor the possi-
bility of protein production that potentially could lead to sensitization
upon repeated administration. Taken together, this gives PrEP-001 the
appropriate profile for use as a topical prophylactic agent against
URVIs. As anticipated by the nature of PrEP-001 itself, and supported
by toxicology and initial first-in-human safety studies, PrEP-001 has the
exceptionally safe profile suitable for prophylaxis of the common cold.

Based on pre-clinical results, an initial rhinovirus challenge study
was conducted. This study was identical to the studies outlined in this
paper, however only a single dose was administered 24 h pre-inocula-
tion. Total symptom scores were marginally reduced compared with
placebo.

Full details of this single dose study are provided in the Additional
File 1, including Additional Fig. 1 and Additional Tables 1–3. Based on
reports in the literature (Stowell et al., 2009), a ‘booster dose’ was
proposed, leading to the study design used for the studies reported in
this manuscript.

These two randomized, placebo-controlled studies aimed to assess
the prophylactic effect of repeated nasal doses of PrEP-001 in healthy
volunteers challenged with either HRV-A16 (Study 1) or H3N2-IAV
(Study 2). Results from both studies demonstrated a strong prophylactic
effect after repeated dosing of PrEP-001 in healthy subjects challenged
with either HRV-A16 or H3N2-IAV, with symptom scores, duration of
symptoms, mucus production, and viral shedding all being reduced.
These findings are significant because PrEP-001 demonstrated effec-
tiveness against two strains of respiratory viruses with different struc-
tures, i.e. enveloped and non-enveloped viruses, with different types of
RNA genomes and replication schemes, and therefore supports its po-
tential as a pan-viral prophylaxis agent. Furthermore, the percentage of
volunteers with study-defined laboratory confirmed illness was reduced
by 3-fold in Study 1 and 2-fold in Study 2. It is noteworthy that even
those subjects with the most severe symptom scores showed a sig-
nificant comparative improvement after PrEP-001 treatment
(p=0.03). Seroconversion rates were comparable, suggesting use of
PrEP-001 would not prevent the generation of protective long-term
memory responses to specific viruses. Finally, PrEP-001 was well-tol-
erated with no clinically significant AEs observed in either study.
However, it is important to acknowledge limitations to the studies since
both were small (sample size of approximately 50 subjects per study)
and were also conducted under highly controlled conditions (i.e. in-
oculation timed 24 h after prophylaxis), so further larger scale studies
are needed to confirm efficacy and safety in ‘real world’ settings.

Prophylaxis with PrEP-001 (2 doses, 48 and 24 h pre-challenge)
proved efficacious for two entirely different viral classes, rhinovirus and
influenza-A virus. This suggests that the pleiotropic effects of triggering
the innate immune response will be beneficial against many viral pa-
thogens and that PrEP-001 has the potential to be an effective pro-
phylactic agent against upper respiratory viral pathogens.

Although the study size was small and the rhinovirus and influenza
challenge models are each sui generis, it would appear that the pro-
phylaxis was more effective against rhinovirus than influenza. Whether
this is simply the nature of the innate immune response or a function of
the fact that rhinovirus is a temperature-restricted virus (i.e. < 34 °C)
limited to the upper airways (unlike influenza) is unclear and requires
further investigation. Nevertheless, it appears that topical PrEP-001
prophylaxis has the potential to provide broad coverage and impact any
viral infection that initiates in the upper respiratory system. Specifically
regarding influenza, where a seasonal vaccine is available, PrEP-001

has the potential to augment vaccine protection.
PrEP-001 Nasal Powder as an innate immune system stimulant,

should provide protection against all variants of influenza viruses that
may not be included in the seasonal vaccine. PrEP-001 also has a rapid
onset of efficacy compared with a vaccine (within 24–48 h of dosing).
Additionally, it is expected that the cellular innate immune response
remains robust with age (Zhao et al., 2012), suggesting that the use of
PrEP-001 in the elderly could augment the diminished efficacy of the
seasonal influenza vaccine in this population (Weinberger et al., 2008).

In comparison with chemoprophylaxis with neuraminidase in-
hibitors, PrEP-001 appears, based on the initial challenge study above,
to be less effective, however, both oseltamivir and zanamivir, are: 1)
limited to influenza (unlike PrEP-001), 2) carry toxicity issues that
preclude their extended (seasonal) use, and 3) being direct antivirals,
have the potential to select resistant variants. (Gubareva et al., 2000).
Although larger, long-term studies have yet to be conducted with PrEP-
001, its mechanism of action (i.e. activation of the pleotropic innate
immune response), make it unlikely to select for simple resistant var-
iants of influenza or any other upper respiratory virus. Likewise,
without longer-term trials it is impossible to predict if there will be
toxicity issues with extended administration, however these potential
side-effects would undoubtedly be local due to the lack of systemic
exposure. Finally, there remains the possibility that long-term exposure
may result in tachyphylaxis due to a local down-regulation of the innate
response in the nasal lining but this will only become apparent in long-
term studies.

5. Conclusion

In conclusion, PrEP-001 attenuated the severity and duration of
both HRV-A16 and H3N2-IAV infections and reduced the number of
individuals with study-defined laboratory confirmed illness (both
common cold and influenza illness) without compromising ser-
oconversion, and was safe and well-tolerated. This supports further
evaluation of PrEP-001 as a potential pan-viral prophylaxis for upper
respiratory viral infections and may be a novel strategy to improve HRV
and influenza control, especially for high-risk populations, such as the
elderly and those with underlying respiratory conditions (e.g. asthma
and COPD), for whom URVIs present a serious concern.
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