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Abstract

BACKGROUND Human respiratory syncytial virus (Rsv) is a major cause
of lower respiratory tract infections in early infancy and in elderly. A pedi-
atric vaccine against rRsv would not only prevent morbidity and mortality
amongst infants and young children but could also reduce transmission to
elderly. The rsvAG vaccine consists of a live-attenuated rsv that lacks the G
aftachment protein. RSVAG is severely impaired in binding to host cells and
exhibits reduced infectivity in preclinical studies. Infranasal immunization of
cotton rafs with RsvAG vaccine protected against replication of wildtype rsv,
without inducing enhanced disease.

METHODS We performed a first-in-human trial with primary objective to
evaluate safety and shedding of rRsvAG (6.5 log,, ccip,) affer intranasal ad-
ministration. Healthy adults aged between 18 and 50, with rsv neutralizing
serum titers below 9.6 log,, received a single dose of either vaccine or pla-
cebo (n=48, ratio 3:1). In addition to safety and tolerability, nasal viral load,
and systemic and humoral immune responses were assessed at selected
time points until 4 weeks after immunization.

RESULTS Infranasal administration of RsvAc was well tolerated with no
findings of clinical concern. No infectious virus was detected in nasal wash
samples. Similar to other live-attenuated vaccines, neutralizing antibody re-
sponse following inoculation was limited in seropositive adults.

coNcLUsIONs Asingle dose of 6.5 log,, ccip,, of RsVAG was safe and well-
tolerated in seropositive healthy adults. RsvAG was sufficiently attenuated
but there were no signs of induction of antibodies. Safety and immunogenic-
ity can now be explored in children and eventually in seronegative infants.
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Intfroduction

Respiratory syncytial viruses (Rsv) are negative-sense, single-stranded, en-
veloped RNA viruses of the species Human orthopneumovirus.! rRsv can
cause acute respiratory tract infections in persons of all ages.? rsv-related
acute lower respiratory tract infection accounts for approximately 3.2 million
hospital admissions per year worldwide and is a major cause of mortality in
children younger than 5 years.>* Globally, rsv is estimated to be second to
malaria as a cause of death in infants aged between 1-12 months due to a
single pathogen.® By the age of two years almost all infants have been ex-
posed fo rsv.* However, immunity against rRsv is incomplete and re-infec-
tions are common throughout life.”

Currently there is no effective licensed treatment for ongoing rsv infec-
fions. Passive immunization with humanized F-specific monoclonal anti-
bodies (palivizumab) is limited to high-risk infants only and its application
is primarily reserved to high-income countries due to its high cost. Despite
the clear unmet medical need for a safe vaccine and ongoing vaccine
development since the 1960s, there is still no effective vaccine available.
This is partly due to a failed clinical trial in which a formalin-inactivated
RsV vaccine caused enhanced disease following subsequent exposure to
natural rsv infection, resulting in hospitalization of vaccine recipients and
two fatalities.®? However, multiple novel vaccine strategies against rsv are
currently in development. The resurgence of rRsv vaccine development is
driven by innovations in biotechnology, such as reverse genetics.

With reverse genetic techniques recombinant rRsv can be developed for
use as a live-attenuated vaccine (LAv). Development of a Lav candidate
against rsv has several advantages. Previous studies did not show en-
hanced rsv-related disease following LAV administration.'® Live attenuat-
ed vaccines can be administered infranasally, thus mimicking the natural
route of infection and thereby priming both local mucosal-and systemic
immunity. In addition, infranasal inoculation is non-invasive and easy fo
administer.

Respiratory syncytial virus has two major surface glycoproteins, the
attachment (C)- and fusion (F) protein. Both G- and F proteins contain
neutralizing antibody binding sites.!" Unlike the F protein, the presence
of the surface protein G is not required for viral replication. Previous re-
search showed that replication competence is reduced in absence of the
G-protein.? A rsv lacking the G-protein is expected to be attenuated but

CHAPTER 3 RSVAG - AN INTRANASAL LIVE-ATTENUATED RSV VACCINE LACKING THE G-PROTEIN

37

4



38

still capable of inducing an effective immune response due to presence
of the surface protein F as the major antigen site and the remaining in-
fectivity. Using reverse genetics Intravacc (NL) constructed a Lav against
rsv from which the coding sequence for the attachment (G) protein was
deleted from the rRsv genome (RsVAG)."” Preclinical studies confirmed that
recombinant rsv lacking the G protfein was highly attenuated when ad-
ministered infra-nasally and single dose administration conferred long
lasting protection against wild type rsv challenge in a cotton rat model.”®
Here we present the first-in-human (FiH) study aimed to assess the safety,
tolerability, viral shedding and immunogenicity of RsvAG in healthy adult
volunteers.

Material and methods
STUDY DESIGN

This was a double-blinded, randomized, placebo-controlled, parallel-
group, single-dose study in 48 healthy adult volunteers. The primary objec-
tive of this study was to assess safety and ftolerability of the vaccine candi-
date rsVAG. Secondary endpoints were related to the viral load and shed-
ding of RsVAG, as well as the immunogenicity. The trial was conducted at the
Centre for Human Drug Research (cHDR) in Leiden, NL. The clinical trial was
performed outside the Dutch rRsv season to prevent concurrent rRsv wild-
type infection during the trial.* Participants were randomized in blocks of
four, one placebo and three rsvAG treatment. Randomization codes were
generated in sas 9.4 for Windows (sas Institute, Cary, Nc, usa) by a study-
independent stafistician at the start of study. Participants were sequential-
ly assigned to the intervention. Investigators, study staff and subjects were
blinded to the allocated treatment.

Subjects were inoculated with a single intfra-nasal dose of 0.2 ml (0.1
ml per nostril) of either rsvAc (dose: 6.5 + 0.5 log,, ccib,.) or placebo.
Subjects completed follow-up visits on 4, 7, 14 and 28 days after inocu-
lation and received a follow-up phone call after six months. Blood and
nasal wash samples were collected on follow-up visits indicated in Figure
1. Nasal washes were collected using the Naclerio method.'® Info each nos-
tril 4 mL of 0.9% NaCl was instilled. The solution was kept in the nostril for
at least 20 seconds to allow sufficient dwelling time. The study was ap-
proved by the Central Committee on Research Involving Human Subjects
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(ccmo; The Hague, NL) and was registered in the European Clinical Trials
Database (EUDRACT number: 2016-002437-30) and the Dutch trial regis-
ter (NTR: NTR7173). All subjects provided written informed consent prior to
participation in the study. All study related procedures were performed
in accordance with the Declaration of Helsinki and the Dutch Act regard-
ing Medical Research involving Human Subjects. As RsVAG is a genetically
modified organism, the environmental permit on ‘deliberate release into
the environment’ (according to the directive 2001/18/EC of the European
parliament and of the council) had been granted before the start of the
study.

PARTICIPANTS

Eligible participants were non-smoking healthy volunteers, aged 18 to 50
years inclusive, with a body mass index between 18 and 30 kg/m?. Subjects
were invited for a full medical screening if they had relatively low lev-
els of pre-existing rsv-specific neutralizing antibodies (nAbs) (<9.6 log,)."®
Eligibility was further assessed on subject’s medical history, physical exam-
ination (including anterior rhinoscopy, blood- and urine laboratory anal-
yses including pregnancy fest for women of childbearing potential), vital
signs and electrocardiogram. Exclusion criteria included close contact with
infants (<2 years of age) and immunocompromised individuals for 14 days
following vaccine administration, any immune deficiency or use of immu-
nomodulatory drugs, airway infection in the period of 14 days before vac-
cine administration, (active) allergic rhinitis or other allergies involving the
airway, chronic airway diseases or history of frequent epistaxis. Participants
received oral and written instructions on hygiene rules to prevent transmis-
sion of RsVAG in the case viral shedding would occur.

VACCINE AND INTRANASAL ADMINISTRATION

The investigational vaccine was a non-sterile live-attenuated recombinant
RsV (RsVAG, Intravacg, Bilthoven, NL, batch number 100046). Details on the
construction of the rsvAG vaccine candidate have been described previ-
ously.” A total of 0.2 mL (0.1 mL per nostril) was administered intranasally
using a spraying device (Teleflex VaxiNator™). The inoculated dose consist-
ed of a virus titer of 6.5 + 0.5 log,,, cCID,.. This dose provided 100% protec-
fion against wild-type Rsv in a cotton rat challenge model without inducing
enhanced respiratory disease and was safe in a repeated dose toxicity and
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local tolerance study in Wistar rats. Placebo treatment consisted of the for-
mulation buffer only and was indistinguishable from the active treatment.

SAFETY AND TOLERABILITY ASSESSMENTS

Vital signs (blood pressure and pulse rate) were measured during every
visit. Anterior rhinoscopy was performed by a physician prior to dosing and
during every visit to examine the nasal mucosa. If symptoms were present
during the visit, a symptom limited physical examination was performed.
Blood chemistry and hematology tests were performed prior to inoculation
and on day 7 and 14 post-inoculation at the Central Laboratories of Leiden
University Medical Center (Leiden, NL). Tolerability was assessed by asking
subjects o rate naso-oropharyngeal pain on a visual analogue scale (vAs),
range: 0-100 millimeter, immediately affter infra-nasal vaccine administra-
fion and approximately 5 minutes after administration. Subjects reported
solicited adverse events by completing a daily questionnaire for 14 days
following inoculation on a custom designed mobile application (E-diary).”
Solicited adverse events consisted of cold-like symptoms and/or reaction
to the vaccine such as: sore throat, epistaxis, nasal congestion, rhinorrhea,
sneezing, dyspnea, coughing, malaise, myalgia or arthralgia, headache,
earache, eye irritation/complaints. Severity of symptoms were scored by
the participant on an ordinal scale: O = not present, 1= mild (easily folerated,
light complaints), 2 = moderate (bothersome but tolerable, able to perform
daily activities), 3 = severe (difficult to tolerate, withholding daily activities).
Symptom severity scores (range: 0-36) were calculated by summing up the
scores (0-3) for each question in the E-diary per day. Participants recorded
their oral temperature twice daily in the E-diary to assess the development
of febrile temperature during 14 days post-inoculation.

Non-solicited adverse events were assessed by the study physician
throughout the study (until day 28). Follow-up phone calls were conducted
six months after inoculation to assess late non-solicited adverse events,
SAEs and concomitant medication use. For each non-solicited adverse
event the relationship to inoculation was judged by the study physician as
probable, possible, unlikely or unrelated. In addition, a diagnosis of upper
respiraftory tract infection (UrRTI) was given if several solicited (cold-like)
adverse events coexisted at the same time and respiratory infection was
clinically apparent in the opinion of the study physician. Cold-like symp-
toms (identical to the solicited adverse events) that were reported after 14
days were recorded in the same manner as non-solicited adverse events.

ADVANCES IN CLINICAL DEVELOPMENT FOR VACCINES AND THERAPEUTICS AGAINST RESPIRATORY VIRUS INFECTIONS

VIRAL SHEDDING

Viral replication was assessed by quantitative culture (qCulture) and quan-
titative pcr (QPCR) in nasal wash samples on day -1, 4, 7, 14 and 28 after in-
oculation. All samples were analyzed by Viroclinics B.v. (Rotterdam, NL). After
addition of Phocine distemper virus type 1 (Pbv) as a universal internal con-
trol, nucleic acid was isolated from nasal wash samples using the MagNA
Pure 96 instrument and MagNA Pure 96 kits (Roche Applied Science).”® A
quantitative rRT-PcR was performed for rRsv-a on the purified nucleic acid
using a Fast Virus Master Mix (Applied Biosystems, 4444436) on a 7500 Real
Time pcr machine (Applied biosystems).The pcRr target sequence was with-
inthe N gene.

Quantitative virus culture was performed by making serial dilutions of
the nasal wash material and using these dilutions to infect Vero cells (atcc®
ccL-81™) with four replicates in a 96-well plate format. After 6 days of cul-
ture, the cells were fixed and immunostained with a murine monoclonal
antibody directed against rRsv F protfein (Millipore, maB858), followed by
horseradish peroxidase conjugated goat-anti-mouse antibody (Life tech-
nologies, A16072) and TrueBlue (kpL, 50-78-02) to detect virus positive
wells. The virus titer was calculated according to the Reed and Muench
method for Tcip,, '’

IMMUNOGENICITY MEASUREMENT

Immunogenicity was assessed in blood and nasal washes on day -1, day 7
and 28 after inoculation. Virus neutralization assays for serum and mucosal
rRsv-specific nAbs were performed as previously described.” For the palivi-
zumab competing anfibody (pca) assay serum samples were mixed with
biotin-labelled palivizumab.?° Competitive binding was performed in 96-
well microtiter plates pre-coated with purified rRsv-F. Serial 2-fold dilutions
of serum samples were spiked with biotinylated palivizumab and added to
rRsv-F-coated plates. Unbound material was washed from the wells, and a
peroxidase-conjugated streptavidin was added to the plates to determine
antigen bound biotinylated palivizumab.?° Competitive binding titers were
expressed asthe 50% inhibition fiters and were calculated as described by
Zielinska et al.® Titers were reported as the reciprocal value of the serum
dilution that resulted in 50% inhibition of biotinylated palivizumab bind-
ing. For the determination of IgA antibodies against rRsv in nasal washes,
a commercial ELisA kit was used (1BL International, RE56871) according to
the manufacturer’s instructions. The IgA concentfrations were calculated
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by linear regression of the ob 450 nM values using the kit internal con-
frols as reference. rRsv F-specific antibodies in serum were determined
similarly as described previously.” In short, ELIsA plates (Nunc MaxiSorp;
Thermo Scientific) were coated with 25 ng of rRsv F protein and incubated
with 5-fold serial dilutions of serum samples.?* After extensive washing,
the plates were incubated with horseradish peroxidase (HRrRP)-conjugated
goat anti-human IgG (Pierce) diluted 1:1,000. Detection of HRP reactivity
was performed using fetramethylbenzidine substrate (Sigma) and an ELisa
plate reader (EL-808 [from Biotek]). The IgG titer for rRsv F protein was de-
termined by calculating the end-point dilution with Gen5 software.

STATISTICAL ANALYSES

sas 9.4 for Windows (sAs Institute, Cary, Nc, usa) was used to perform the
statistical analysis. Safety measures were analyzed using descriptive sta-
fistics. Prior to analysis serum Rsv-specific nAbs and F-specific antibodies
were transformed fo log, and log,, fiters, respectively. Mean and standard
deviation (spb) were determined for rsv-specific nAbs at baseline (day -1)
day 7 and 28 and for F-specific antibodies at baseline (day -1) and day 28.
rRsv-specific nAbs were further analyzed with a mixed model analysis of
variance (aANcova) with treatment, day, and treatment by day as fixed fac-
tors and subject as random factor and the baseline measurement (at day
-1) as covariate. The Kenward-Roger approximation was used to estimate
denominator degrees of freedom and model parameters were estimated
using the restricted maximum likelihood method. Contrasts were calculated
within the model for rRsvAG versus placebo (overall [day 7, 28] and on day
28 separately). F-specific antibodies were analyzed with a general linear
model of covariance with fixed factor treatment and baseline F-specific an-
tibodies as covariate and same contrast as mentioned previously. The gen-
eral freatment effect and specific contrasts were calculated.

Results
STUDY POPULATION

Subjects were recruited from April 2018 until September 2018. A total of 190
volunteers were screened for levels of rsv-specific nAbs. Of these volun-
teers102 (53.6%) had pre-screening nAbs titers >9.6 log, and were excluded.
Forty-eight subjects were found eligible to participate in the study based on
in- and exclusion criteria. All 48 subjects completed the 28-day observation
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period and were analysed per protocol. See Figure 2 for the CONSORT sub-
ject flow diagram. Subject characteristics were similar for vaccine and pla-
cebo recipients (Table 1).

SAFETY AND TOLERABILITY EVALUATION

Infranasal administration of RsvAG was well tolerated. Naso-oropharyngeal
pain vas scores were similarly in both the rRsvAc group (f= O min: mean
=1.4, sp=6.1; t=5 min: mean=0.9, sp=2.2) and placebo group (t= 0 min: mean
=0.6, sp=1.7; =5 min: mean=0.1, sp=0.3). Examination by anterior rhinosco-
py revealed no abnormalities related to vaccine administration. There were
no findings of clinical concern in blood chemistry and hematology assess-
ments and no clinically significant values or trends were observed in vital
signs (data not shown). There was no apparent increase in body tempera-
ture following inoculation with RsvAG compared to placebo. Two subjects
reported a febrile temperature of 38.4°C (rsvAc) and 38.2°C (placebo) on
day 10 after inoculation that coincided with complaints of URTI.

In both the rRsvAG and placebo group the majority of subjects report-
ed at least one solicited adverse event in the E-diary during the first 14
days after inoculation (Table 2). Sneezing and rhinorrhea had the high-
est relative incidence in the RsVAG group and sore throat and malaise had
the highest relative incidence in the placebo group. Epistaxis and eye ir-
ritations/complaints were reported in the rRsvAG butf not in the placebo
group, however, few subjects reported these symptoms. Overall, the rel-
ative frequencies of solicited adverse events were similar in both groups.
Severity of solicited adverse events was comparable in both groups (mild:
75% RsVAG versus 78% placebo, moderate: 18% RsvAG versus 20% place-
bo, severe 7.3% RsVAG versus 2.2% placebo). Total symptom scores were
also similar for both treatment groups (Figure 3). Highest total symptom
scores were observed on day 12 in the placebo group.

A summary of all possible and probable related non-solicited adverse
events is provided in Table 3. Adverse events related to the respiratory
fract were most frequently reported. The diagnosis of upper respiratory
tract infection was made in 9 subjects (25%) in the RsvAG and in 4 subjects
(33%) inthe placebo group (Table 3). All non-solicited adverse events were
mild except for three events that were of moderate severity. These three
adverse events consisted of a urinary tract infection (placebo group) and
two cases of UrTI (RsVAG group). All adverse events, solicited and non-so-
licited, resolved without sequelae before the last visit (approximately 28
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days after inoculation). At the six month follow-up phone call no SAEs or
non-solicited adverse events were reported by the subjects (n=46). Two
subjects (placebo group) could not be contacted for the six-month tele-
phone follow-up interview. No serious adverse event (sag) occurred dur-
ing the study and no adverse events resulted in the withdrawal of subjects
during this trial.

Concomitant medication to treat adverse events predominantly con-
sisted of the use of paracetamol. Ibuprofen was used in one instance for
complaints of urTI. One subject (placebo) was freated with nitrofurantoin
totreat aurinary tractinfection. One subject (RsvAc) was treated with acy-
clovir and valacyclovir to treat a herpes simplex infection (the subject was
familiar with herpes simplex re-activations) following the onset of a URTI.
The same subject was later also treated with topical fucidic acid for impe-
tigo and edema of the lip following the herpes simplex infection.

VIRAL LOAD

In the rRsVAG group, 3 of 36 subjects (8.3%) had quantifiable gCulture results
of nasal wash samples compared to 3 of 12 (25%) subjects in the placebo
group. All positive gqCulture results were observed on single tfime points only
and in different subjects. Two positive gCulture results were found prior to
inoculation (RsvAG=1, placebo=1) and single positive results on day 4 (place-
bo), day 7 (RsvAG), day 14 (RsvAc) and day 28 (placebo). All gCulture results
were equal to the lower limit of quantification (LLo9) (0.75 log,, TCID,o/mL)
except for the single day 14 sample (RsvAc) with a titer of 1.0 log, TcID,o/mL.

The presence of rsv-specific RNA, determined by gPCR, was only de-
tected on day 4 post-inoculation in nasal wash samples of three (8.3%)
subjects in the rRsvAG group. All of these samples had gPCR titers below
the LLo¢ (2.23 log,, vp/mL) and did not coincide with quantifiable qCul-
fure resulfs.

IMMUNOGENICITY

Rsv neutralizing antibody titers in serum

All subjects were seropositive for rsv neutralizing antibodies at baseline.
Mean log, titers of rsv-specific nAbs of rRsvAc and placebo group were
similar prior to inoculation (Table 4). The overall fold change in nAbs titers
following inoculation was <2 (Figure 4). The highest individual observed
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seroresponse was a 2-fold increase in nAbs titer on day 7 and day 28 in one
subject after inoculation with rRsvAG. No treatment effects on rsv-specific
nAbs were observed at day 28 and overall.

Palivizumab competing antibodies (pca) in serum

At baseline, 23% (n=11) of all subjects had positive serum samples for pca.
Subjects with positive samples on day 7 and 28 also had positive samples
at baseline. No evident changes in pca titers were observed following inoc-
ulation with rRsvAG. In the group vaccinated with rRsvAG, the number of pca
seropositive subjects declined from 9 (25%) on baseline, to 7 (19%) on day 7,
and 5 (14%) on day 28. In the placebo group there were two (17%) subjects
with pcA seropositive samples on baseline, these subjects remained sero-
positive throughout the follow-up visits.

Rsv F-specific antibodies in serum

There were no evident increases in F-specific anfibody titers following in-
oculafion. Mean titers of F-specific antibodies of rRsvAc and placebo were
similar on baseline (day -1) and day 28 (Table 4). No treatment effects on
F-specific antibodies were observed.

Rsv neutralizing antibodies and IgA in nasal wash

Titers of mucosal rRsv neutralizing antibodies in nasal wash samples were all
below the LLo© (<8). One subject in the RsVAG group (2.8%) had an IgA re-
ciprocal titer of 31.8 on day 28 only. The increase in IgA titer did not coincide
with an increase in other immunogenicity endpoints or with viral shedding.
No IgA was detected in the placebo group.

Discussion

The results of this first-in-human study showed that a single dose of 6.5 +
0.5 10g,, ccIDs, RSVAG is safe and well folerated. Solicited and non-solicited
adverse EVENTS were generally of mild to moderate severity, of short dura-
fion and resolved without sequelae. Symptom scores of the RsVAG group
were similar to those in the placebo group and showed no substantial rise
in the first two weeks following inoculation, confirming the full attenuation
phenotype of RsVAG.
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The majority of adverse events were related to the respiratory tract, how-
ever, rRsv-infection was not confirmed by gPCR or culture in subjects with
upper respiratory tract symptoms. Because of the lack of confirmation of
rsv infection and the fact that the frequency of these symptoms was equally
distributed amongst inoculated and placebo volunteers, it is likely that they
were caused by concurrent infections with other respiratory pathogens. The
observed incidence of respiratory complaints is in line with subjects being
biased to recall solicited adverse events (cold-like symptoms) more often,
leading fo higher reporting rates.*?*

We did not observe clear evidence of viral shedding of RsvAG based on
gCulture and gPCR results in nasal wash samples. The presence of viral
RNA determined by gPCR was only observed in 8.6% of the subjects (3/36)
inoculated with RsVAG, occurred on day 4 post inoculation and was below
the LLoQ. These results further confirm that the rRsvAG vaccine candidate
is sufficiently attenuated for testing in the pediatric population. However,
the timing and frequency of sampling of nasal washes were tailored to-
wards capturing the viral kinetics of wild-type rRsv and other rRsv LAvs.2¢-%®
Although we expected RsVAG to exhibit similar kinetics, we cannot fully rule
out that transient shedding of the RsVAG occurred in between the pre-de-
termined sampling days. Alternatively, the low incidence of viral shedding
could also be due to the presence of pre-existing neutralizing antibodies
in healthy adults. Even though we selected adult volunteers with relative-
ly low levels of rsv-specific nAbs, all subjects had pre-existing nAbs due
to previous exposure to rRsv. Finding low to absent levels of viral shedding
afterintranasal inoculation with a Lav have been described previously.?**°
A study investigating a similar vaccine concept cp-52 (a cold passaged rRsv
B1LAv lacking a large part of the coding sequence for both SH and G sur-
face proteins) showed that only 6% (1/17) of healthy adults and ultimate-
ly only 13% (2/16) of seronegative children shed virus in nasal washes.™
The authors concluded that cp-52 was restricted in replication and ap-
peared to be overattenuated.’® Many more live attenuated rsv concepts
have been evaluated since and the general conclusion is that Lav face the
challenge of achieving sufficient attenuation to be safe, while remaining
immunogenic enough to induce a profective immune response.®**® Live-
attenuated rsv vaccines that showed viral replication and immunogenic-
ity in seronegative infants were overattenuated in seropositive children
and adults ?®3**3*% Minimal or absent viral shedding in adults and rsv-non
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naive children is a prerequisite to proceed to safe vaccine evaluation in
rsv-naive children.?® To further assess the attenuation phenotype and
replication-competence, rRsvAG should be evaluated through age de-es-
calation in the pediatric population.

Analysis of immunogenicity endpoints showed no apparent signs of in-
duction of local or system immune responses in healthy adults following
inoculation with RsvAc. For many live-aftenuated vaccines a minimal level
of replication is needed to reach adequate immunogenicity. The poorim-
munogenicity of RsVAG in this study may be related to the limited viral rep-
lication in healthy adults with pre-existing neutralizing anfibodies. Absent
and low immune responses in healthy adults volunteers have been de-
scribed previously for other live-aftenuated rRsv vaccines candidates " *®
It is also possible that the dose of 6.5 log,, ccip,, was insufficient fo over-
come natural immunity and induce an immune reaction in adults.

During this trial we applied the commonly used Naclerio method of
nasal washing.® This method has proven to be effective for determining
mucosal IgA after intranasal inoculation with a live-attenuated influenza
vaccine.*” For this reason, we also expected to detect induction of IgA an-
tibodies following intranasal inoculation with rsvAG (if it were to occur).
However, some trials apply a more stringent method for nasal wash col-
lection. In a study by Ascough et al. the nasal cavity was washed by alter-
natively withdrawing and advancing the plunger of the syringe 10 times.
This study showed detectable levels of mucosal IgA prior to inoculation
with a rRsv subunit vaccine.*® Although there are no studies comparing the
different nasal wash techniques and the extraction of mucosal antibod-
ies, the mucosal immune response in our trial could potentially be under-
estimated by our nasal wash approach.

In conclusion, a dose of 6.5 log,, ccIb,, of RsVAG was safe and well-tol-
erated in healthy adults. In this first-in-human study, the live-attenuated
genetically modified rsv variant RsvAc did not shed following inoculation,
confirming its attenuation in adults. However, with the tested dose there
were no clear signs of induction of an immune response in seropositive
adult subjects. Safety and immunogenicity of RsvAG in a dose of 6.5+ 0.5
log,, ccID,, should be further explored in seropositive children and even-
tually in seronegative infants. In addition, dose-escalation studies may be
performedin adultsto test whether higher doses of RsvAG would yield high-
er rates of immunogenicity, while still having a favourable safety profile.
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TABLE1 SUBJECT CHARACTERISTICS.

Groups

Subject characteristics

RSVAG (n=36)

Placebo (n=12)

GENDER, N (%)

Female

33(91.7)

10(83.3)

Male

3(8.3)

2(16.7)

AGE, YEARS, MEDIAN (IQR)

23.5(20.3, 26.0)

23.5(21.0, 26.5)

BMI, KG/M?, MEAN (SD)

225 (3.7) 22.8(3.1)

RACE (N, %)
White 29 (80.6) 9 (75.0)
Black or African American 1(4.2) 1(8.3)
Mixed 5(10.4) 0(0)
Asian 1(4.2) 1(8.3)
Other 0(0) 1(8.3)
BMI= Body Mass Index; 1QR: interquartile range.
TABLE 2 SOLICITED ADVERSE EVENTS DURING FIRST 14 DAYS AFTER INOCULATION.

RSVAG n=36 Placebo n=12
Symptoms Number of subjects (%) Number of subjects (%)
21 symptom 29 (80.6) 9(75.0)
Nasal congestion 11 (30.6) 5(41.7)
Sneezing 15(41.7) 5(41.7)
Rhinorrhea 16 (44.4) 4(33.3)
Epistaxis 4(11.1) -
Coughing 11 (30.6) 2(16.7)
Sore throat 11 (30.6) 7 (58.3)
Dyspnea 2 (5.6) 2(16.7)
Eye irritation/complaints 4(11.1) -
Earache 2 (5.6) 1(8.3)
Myalgia/arthralgia 12(33.3) 4(33.3)
Malaise 13(36.1) 6 (50.0)
Fever 1(2.7) 1(8.3)
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TABLE3 SUMMARY OF POSSIBLE OR PROBABLE RELATED NON-SOLICITED ADVERSE EVENTS.

RSVAG (n=36)

Placebo (n=12)

Adverse events

Number of Subjects (%)

Number of Subjects (%)

Subjects with af least one adverse 19(52.8) 7 (58.3)
event

GENERAL DISORDERS

Fatigue 1(2.8) -
Feeling hot 1(2.8) -
INFECTIONS AND INFESTATIONS

Impetigo 1(2.8) -
NERVOUS SYSTEM

Headache 1(2.8) -
RESPIRATORY TRACT

Nasal congestion 3(8.3) 1(8.3)
Sneezing 1(2.8) -
Throat lesion - 1(8.3)
Upper respiratory tract infection 9(25) 4(33)
SKIN AND SUBCUTANEOUS TISSUE DISORDERS

Dermatitis - 1(8.3)
Lip edema 1(2.8) -
Herpes simplex 1(2.8) -

TABLE 4 MEAN (SD) TITERS OF SERUM RSV-SPECIFIC NEUTRALIZING ANTIBODIES AND F-SPECIFIC ANTIBODIES.

Rsv-specific neutralizing antibodies

F-specific antibodies

Treatment n Baseline Day 7 Day 28 n Baseline Day 28
(Day -1) (Day-1)
RSVAG 36 8.50(0.87) 8.49(0.96) 8.45(1.07) 35 5.42(0.31) 5.49(0.36)

Placebo 12 8.28(1.38) 8.22

(1.40)  8.22(L.35)

12 5.36(0.46) 5.49(0.37)

Mean (sp) rsv-specific neutralizing anfibodies are expressed as log, titer mean (sp) F-specific anfibodies
expressed as log, titer. Rsv = respiratory syncytial virus.
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FIGURE1 STUDY DESIGN.
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FIGURE 2 CONSORT SUBJECT FLOW DIAGRAM.

Assessed for eligibility (n=190)

Excluded (n= 142)

+ Pre-screening RSV neutralizing titer
>9.6 logz (n=102)

+ Not meeting other inclusion criteria
(n=40)

Randomized (n=48)

l

\4

Allocated to RSVAG (n=36)
+ Received allocated intervention (n=36)

A

Lost to follow-up (give reasons) (n=0)

Discontinued intervention (give reasons) (n=0)

Analysed (n=36)
+ Excluded from analysis (give reasons) (n=0)

A4

Allocated to placebo (n=12)
+ Received allocated intervention (n=12)

A 4

Lost to follow-up (were not reached for the 6-
month follow-up phone call) (n=2)

Discontinued intervention (give reasons) (n=0)

Analysed (n=12)
+ Excluded from analysis (give reasons) (n=0)
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) 4 FIGURE3 MEAN AND SD OF TOTAL SYMPTOM SCORES (RANGE 0-32) DURING DAYS 1-14 FOR RSVAG AND
}G: PLACEBO TREATMENT.
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FIGURE 4 FOLD-CHANGE IN RSV NEUTRALIZATION ANTIBODY TITER, DAY 7 AND DAY 28 POST-INOCULATION
VERSUS BASELINE. (0) Fold- change in RsvAG group (n=36). b) Fold- change in placebo group (n=12).
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RSV = respiratory syncytial virus.
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SUPPLEMENTARY FIGURES AND TABLES

All mentioned supplementary figures and tables in this chapter can be
found on the corresponding website by scanning this or code.
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