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Abstract

Background—We describe the results of an open label Phase | trial of a live attenuated H6N1
influenza virus vaccine. (ClinicalTrials.gov Identifier: NCT00734175)

Methods and Findings—We evaluated the safety, infectivity, and immunogenicity of two
doses of 107 TCIDs of the HBN1 Teal HK 97/AA ca vaccine, a cold-adapted and temperature
sensitive live, attenuated influenza vaccine (LAIV) in healthy seronegative adults.

Twenty-two participants received the first dose of the vaccine, and 18 received the second dose of
vaccine 4 weeks later. The vaccine had a safety profile similar to that of other investigational
LAIVs bearing avian hemagglutinin (HA) and neuraminidase (NA) genes. The vaccine was highly
restricted in replication: two participants had virus detectable by rRT-PCR beyond day 1 after each
dose. Antibody responses to the vaccine were also restricted: 43% of participants developed a
serum antibody response as measured by any assay: 5% by hemagglutination-inhibition assay, 5%
by microneutralization assay, 29% by ELISA for H6 HA-specific 1gG and 24% by ELISA for H6
HA specific IgA after either 1 or 2 doses. Following the second dose, vaccine specific 1gG and
IgA secreting cells as measured by ELISPOT increased from a mean of 0.6 to 9.2/106 PBMCs and
from 0.2 to 2.2/108 PBMCs, respectively.

Conclusion—The H6N1 LAIV had a safety profile similar to that of LAIV bearing other HA
and NA genes, but was highly restricted in replication in healthy seronegative adults. The HEN1
LAIV was also not as immunogenic as the seasonal LAIV.

Introduction

Influenza A viruses of the H6 subtype are among the most frequently detected influenza
viruses in surveillance studies in birds [1-4]. H6 influenza viruses are of the low
pathogenicity phenotype in poultry, and in the last decade, outbreaks of H6 influenza
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infection in commercial poultry have been reported in California in 2000-2002 [5] and in
South Africa in 2002-2004 [6].

In 1997, 18 individuals in Hong Kong were infected with a highly pathogenic avian H5SN1
influenza that was closely related to strains causing outbreaks in birds [7, 8]. Influenza A
viruses of the H6 subtype were isolated from birds at the same time [9]. Nucleotide
sequence analysis revealed that the internal protein and NA gene segments of the A/teal/
Hong Kong/W312/97 (H6N1) virus were highly similar to those of the HSN1 1997 Hong
Kong influenza viruses (>98% sequence and amino acid homology for the six internal
protein gene segments, and >97% for the NA gene segment) [9]. Findings from phylogenetic
analyses of H6 influenza viruses in Southern China suggested that an A/teal/HK/\W312/97-
like H6N1 virus may be a precursor of the H5N1 1997 Hong Kong viruses [2, 9]. Both the
H5N1 and H6N1 viruses share substantial homology in the 6 internal protein genes with an
HINZ2 virus that was also identified in bird markets in Hong Kong [2, 9]. The propensity of
the related H5N1 and HON2 viruses to cause human infection [10-13] suggests that this
specific constellation of internal protein genes may facilitate human infection with these
avian viruses. In addition, a recent study has documented that introduction of a multibasic
cleavage site into an H6N1 influenza virus in vitro induces a highly pathogenic phenotype
[14]. These findings, coupled with the prevalence of H6 influenza viruses in a wide range of
domestic and wild birds, have raised concerns regarding the pandemic potential of H6
influenza viruses.

Although there are no reported cases of natural human illness with H6 influenza, serological
surveys suggest that infection is possible. A study of people in rural areas of Southern China
revealed that up to 13% of the individuals tested in various provinces had antibodies to H6
influenza [4]. A survey of US veterinarians showed that those who had contact with birds
were more likely to be seropositive to H6 HA than were controls without bird contact [15].

In a study of experimental infections of human volunteers with avian influenza viruses,
Beare and Webster showed that 3 of 11 people experimentally infected with an H6N1 virus
had mild symptoms, and the remainder were asymptomatic. Virus was recovered from the
nasal washes of 2 individuals on day 3 or 4 following inoculation. Five other participants
were infected with an HEN2 virus: one participant had mild symptoms, although none had
recoverable virus [16].

In preparation for the next influenza pandemic, a number of strategies to develop pandemic
vaccines are underway [17, 18]. Several reassortant or recombinant vaccines containing
avian influenza HA and NA genes and the A/Ann Arbor/6/60 internal protein genes have
been developed to date, including candidate vaccines for HON2, H5N1, H7N3 and H2N2
influenza viruses. Clinical trials have shown that all of these potential vaccine strains are
highly attenuated but vary in their capacity to induce antibody responses in humans [19-22].

The live attenuated HG6N1 Teal HK 97/AA ca vaccine was shown to induce cross protective
immunity in mice and ferrets in preclinical studies [23]. Here we describe the results of the
first clinical trial of a live attenuated H6N1 influenza virus vaccine.

Vaccine virus

H6N1 Teal HK 97/AA ca is a cold-adapted, temperature-sensitive LAIV derived from the
low pathogenicity wild-type (wt) avian influenza virus A/teal/Hong Kong/W312/97 (H6N1)
and the AJAA/6/60 ca (H2N2) LAIV Master Donor Virus (MDV-A, Medlmmune). HEN1
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Teal HK 97/AA ca has the HA and NA gene segments from A/teal/HK/W312/97 and the
internal protein genes from the MDV-A virus.

The H6N1 Teal HK 97/AA ca vaccine virus was manufactured at Medimmune (Mountain
View, CA). The pre-Master Virus Seed (pre-MVS) was derived using reverse genetics [19,
21]. The bulk Drug Substance was filled into Accuspray™ Nasal Spray Systems (Becton-

Dickinson, Franklin Lakes, NJ) at a volume of 0.2 mL per sprayer. Each sprayer contained
107 TCIDsy of the vaccine virus. Filled sprayers were stored frozen at —60°C or below.

Study Population

This Phase I clinical trial was conducted during the fall of 2008 at the Center for
Immunization Research (CIR) outpatient clinic and at the CIR isolation unit at the Johns
Hopkins Bayview Medical Center as previously described [19, 21]. The clinical protocol
was reviewed and approved by the Western Institutional Review Board (WIRB). Informed,
written consent was obtained from each participant. Healthy adult men and non-pregnant
women between the ages of 18 and 49 years of age were enrolled in the clinical trial if they
met eligibility criteria and were willing to remain on the isolation unit for the duration of the
inpatient portion of the trial.

Study design

This study was conducted as an open-label Phase I inpatient trial with all participants
receiving vaccine. Participants were screened to establish health status and if eligible, were
given 1 or 2 doses of vaccine four weeks apart as a nasal spray using the Accuspray™
device and examined daily while on the inpatient unit by a health care provider (physician or
physician's assistant).

The isolation unit, study design, and study procedures have been previously described
[19-21]. Participants were discharged from the isolation unit on study day 9 if rRT-PCR
assays for influenza virus were negative on study days 7 and 8.

Isolation, quantitation and identification of the H6N1 virus

Nasal washes were obtained prior to vaccination and then daily from the day of vaccination
until the day of discharge. Specimens were tested for the presence of vaccine virus by
quantitative viral culture and by rRT-PCR amplification of a portion of the influenza A M2
gene [19-21]. The limit of detection of vaccine virus was 1096 TCIDsg/mL for virus culture
and 1094 TCIDsp/mL for rRT-PCR.

Immunologic Assays

Sera were tested for hemagglutination inhibiting (HI) antibodies to HEN1 virus as
previously described [24]. The sera were tested for neutralizing antibodies using a
previously described microneutralization (MN) assay [25]. Our test virus was not wt H6N1,
but rather the vaccine virus, H6N1 Teal HK 97/AA ca.

Sera were also tested for IgA and 1gG antibody to the H6 HA by ELISA. Immulon 2 plates
were coated with 30ng/well of recombinant baculovirus-expressed H6 HA (rH6; from the
homologous vaccine virus) in insect cells (Protein Sciences, Meriden, CT), and the ELISA
was performed using endpoint titration [24]. Nasal wash specimens were concentrated as
previously described and were tested using the same antigen to measure vaccine-specific
IgA, expressed as a percent of total IgA [26].

Total and influenza vaccine specific 1gG and IgA antibody secreting cells (ASC) were
measured using an enzyme-linked immunospot (ELISPOT) assay based on an assay by
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Sasaki [27], modified as previously described [21]. Briefly, our assay differed from the
published assay in that the wells were coated with one of the following (1) beta-
propiolactone (BPL)-treated H6N1 Teal HK 97/AA ca virus diluted to 5000 HAU/mL in
Dulbecco's phosphate-buffered saline (D-PBS, Invitrogen); (2) rH6 HA protein diluted to 10
ug/mL in D-PBS; (3) BPL-treated cold adapted A/Ann Arbor/6/60 (H2N2) MDV-A virus
stock (Medimmune) diluted to 5000 HAU/mL in Dulbecco’s phosphate-buffered saline (D-
PBS, Invitrogen) or purified goat anti-human IgA plus IgG plus IgM (Kierkegaard & Perry
Laboratories) at a concentration of 5 ug/mL in D-PBS. PBS alone and human CCRF-CEM
cells were used as negative controls; human IM9 cells were used as a positive control. Plate
images were recorded and counted using ImmunoSpot 4 software. Human IgA ASC were
visualized as red spots and 1gG ASC were visualized as blue spots.

Detection of concomitant viral infections

In participants with respiratory symptoms, nasal wash specimens were cultured for the
presence of other respiratory viruses [19]. Rhinoviruses and enteroviruses were detected by
rRT-PCR [21, 28].

Data Analysis

Results

Infection after immunization with the HGN1 Teal HK 97/AA ca vaccine virus was defined
as: 1) shedding of vaccine virus detected by culture and /or 2) shedding of vaccine virus
detected by rRT-PCR any time after study day 1 and/or 3) a >4-fold rise in serum Hl,
neutralizing, or H6 1gG or IgA serum antibodies as measured by ELISA. Participants whose
nasal washes were rRT-PCR positive on study day 1 but were without other evidence of
infection were not considered infected because we could not exclude the possibility that
input virus, rather than replicating virus, was being detected. To calculate means, HI
antibody, neutralizing antibody and ELISA reciprocal titers were log, transformed.

Study participants

Fifty-eight potential participants were screened for enrollment in this study. Twenty-two
participants received a first dose of vaccine, and 18 of these individuals received a second
dose of vaccine 4 weeks later. Fourteen of the 22 participants were male, 18 were Black, 2
Hispanic, and 2 were White.

Of the 4 participants who did not receive the second vaccination, 1 chose not to return for
personal reasons, 1 had an upper respiratory tract illness at the time of the second dose and 2
participants had abnormal laboratory values (decreased hemoglobin level or elevated alanine
aminotransferase).

Reactogenicity

No serious adverse events were reported during the trial. A number of minor illnesses were
reported. Headache was the most commonly reported symptom after the first dose of
vaccine (6 participants). Three participants reported nasal congestion including 1 who had
concomitant symptoms of rhinorrhea and myalgia. Vaccine virus was not detected in this
participant by either viral culture or rRT-PCR. One participant who complained of
congestion (days 7-11) also had submental lymphadenopathy on days 2-4 and had vaccine
virus detected by rRT-PCR on days 1 and 2. The same participant reported sore throat on
days 7 through 9, but had no findings of pharyngitis (Table 1). Other illnesses reported
following the first dose of vaccine included neck pain (3 individuals) and back pain (1
individual). None of these coincided with vaccine virus recovery or detection, and
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concomitant infection with other respiratory viruses was not detected in by culture or rRT-
PCR amplification of RNA from nasal washes obtained from these participants.

Following the second dose of vaccine, 5 individuals had respiratory illness consisting of
rhinorrhea (4 individuals), nasal congestion (3 individuals), cough (2 individuals) or
wheezing (1 individual). Vaccine virus was detected by rRT-PCR on day 1 from 3 of these
participants; however, only 1 participant had symptoms that began on that day (his
rhinorrhea lasted until day 6). Interestingly, a participant who had rhinorrhea, cough, nasal
congestion, and wheezing on days 1-7 (the cough lasted until day 12) did not have vaccine
virus detected by culture or rRT-PCR, but was positive for parainfluenza 3 (PI1V3) on day -1.
An additional participant who complained of headache, rhinorrhea, nasal congestion, and
malaise was positive for PIV3 on days 4 through 6 (concomitant with symptoms), but also
had vaccine virus recovered by rRT-PCR on day 1. One participant was positive for
rhinovirus on days 1 and 2 and had concomitant complaints of rhinorrhea, nasal congestion,
and fatigue. There were five complaints of headache among 3 participants (Table 1). Other
minor illnesses after the second dose included dizziness (1 individual), muscle soreness (2
individuals), abdominal pain (1 individual), and abdominal distension (1 individual). One
participant experienced submental lymphadenopathy on days 3 through 5; she had vaccine
virus recovered by rRT-PCR on days 1 and 2.

Vaccine virus replication

The H6N1 Teal HK 97/AA ca vaccine virus was highly restricted in replication. No
participants had vaccine virus recovered by culture from nasal wash after either dose. When
the nasal wash specimens were tested by rRT-PCR, vaccine virus was detected on day 1
only (6 individuals) and on days 1 and 2 (2 individuals) after the first dose. After the second
dose, vaccine virus was detected by rRT-PCR on day 1 only (4 individuals), on days 1 and 2
(1 individual), and days 1 and 4 (1 individual) (Table 1).

Immune Responses

Sera were available for analysis from 21 of 22 participants who received the first dose of
vaccine and from all 18 participants who received the second dose of vaccine. One of the
participants (5%) had an 8-fold rise in serum HI and neutralizing antibody titers after the
first dose of vaccine (Table 2). After the second dose, none of the participants had a 4-fold
or greater response detected by either assay.

Serum IgG and IgA and nasal wash IgA antibodies to rH6 HA were measured by ELISA
(Table 2). A 4-fold or greater rise in serum 1gG against rH6 HA was detected in 4
participants (19%) after the first dose of vaccine, and in 2 participants (11%) after the
second dose. Three participants (14%) had a 4-fold or greater response by serum IgA after
the first dose of vaccine, and 3 after the second dose (17%) (one of whom also responded to
the first dose). Only 1 participant (6%) had a 4-fold or greater rise in nasal wash IgA levels
after the second dose (Table 2). Over all, 9 of 21 participants (43%) had an antibody
response measurable by any assay after any dose of vaccine. We did not see a correlation
between detection of virus by PCR and antibody responses.

IgG and IgA ASCs were measured in response to stimulation with either vaccine virus, rH6
HA protein or the Master Donor Virus (MDV-A). After the first dose of vaccine, an increase
in the absolute numbers of IgG or IgA vaccine-specific ASCs (=5 cell increase/10% PBMCs)
each was observed in 1 participant. A greater response in ASC was seen after the second
dose of vaccine. The vaccine specific 1gG secreting cells increased from a mean of 0.6 t0 9.2
cells/10% PBMCs [range 0-65 after the dose]; 3 participants had >5 cell increase/108
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PBMCs. The vaccine-specific IgA secreting cells increased from a mean of 0.2 to 2.2 [range
0-16 after the dose]; 2 participants had a >5 cell increase/10° PBMCs.

Discussion

We have reported the first evaluation in humans of a live attenuated H6N1 influenza virus
nasal vaccine. The HGN1 Teal HK 97/AA ca vaccine had a safety profile similar to that
other investigational LAIVs bearing avian HA and NA genes, but was highly restricted in
replication and induced antibody responses in a minority of the study participants. Although
several individuals had detectable vaccine virus by rRT-PCR the first day after both the first
and second vaccinations, and 2 were rRT-PCR positive beyond the first day, none were
positive for the vaccine virus by culture after immunization. This is in contrast with the
single challenge study done with an HEN1 wt virus, in which 2 of 11 participants had virus
recovered from nasal washes on days 3 or 4 after inoculation with 108 EIDsg (50% egg
infectious doses) of the challenge virus [16].

There are a number of potential explanations for the lack of infectivity of this vaccine in
humans. First, it may be that the H6 HA cannot readily initiate infection in human nasal
epithelial cells, because of its receptor binding preference to sialic acid a2,3-galactose
(avian-like receptor), and the absence of laboratory confirmed natural human infections
suggests that this may be likely. Second, the combination of the A/Teal/HK/97 H6 HA and
the A/JAA/6/60 ca backbone may attenuate the virus to the point that it is not capable of
infecting humans. This is not true for all mammals, as Chen et al. have shown that both the
wt and ca A/teal/HK/97 influenza viruses replicate in the nasal turbinates of ferrets [23]. The
restricted replication observed with this vaccine, however, is consistent with that seen with
live attenuated avian influenza H5N1 and HON2 vaccines [19, 20].

Symptoms experienced by the participants were consistent with those seen after other
LAIVs. The majority of symptoms after the second dose were most likely related to
concomitant infections with PIV3 and rhinovirus, rather than infection with the vaccine
virus itself.

Antibody responses to the HEN1 Teal HK/97/AA ca vaccine were consistent with the
observed restriction in replication: only 1 participant had a 4-fold or greater rise in antibody
titer as measured by HI and MN assays. Despite the absence of naturally occurring H6
influenza disease, humans are clearly capable of mounting immune responses to H6 viruses,
as is demonstrated by serological surveys of people exposed to birds [4, 15, 29]. In our
study, we found that the ELISA for serum IgG was the most sensitive assay for antibody
responses, with 29% of participants positive by this assay. This is in contrast with previous
LAIV trials of H5SN1 and H7N3 vaccines [20, 21], in which we found the serum IgA ELISA
to be the most sensitive assay. The HGN1 LAIV also differs from the HON2 LAIV that was
immunogenic despite its poor replication [19]. It is unlikely that the quantity of antigen
contained in the inoculum would be sufficient to stimulate an antibody response in the
absence of replication. In general, live attenuated A/AA ca influenza vaccines contain a
much smaller amount of HA than is used in studies of intranasally administered inactivated
influenza vaccines [19, 30, 31].

Unlike the study by Sasaki [27], in which ASC were found to be a sensitive measure of
response to influenza vaccine, ASC were not detectable in most participants. 1 participant
had a 5 cell or greater rise in vaccine-specific IgG ASC after the first dose; after the second
dose of vaccine, only 3 participants had significant rises in vaccine-specific 1gG secreting
cells, 2 of whom also had rises in vaccine-specific IgA secreting cells. Since the seasonal
LAIV is protective even in the absence of measurable serum antibodies, it is possible that
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this and other LAIVs induce immune responses that are not measurable by the current
assays. Cell-mediated and local immunity induced by LAIV may also contribute, but that
might lead to a protective immune response on challenge with homologous or heterologous
viruses. In the absence of significant replication of the vaccine virus, or measurable immune
response to this or similar live attenuated avian influenza vaccines, strategies to enhance the
infectivity and immunogenicity of live-attenuated vaccines against H6 influenza may be
needed. We can investigate whether selected mutations can be introduced into the HA gene
that will enhance replication without altering antigenicity, as was done to increase the yield
of the live attenuated pandemic 2009 H1N1 vaccine [32].

In conclusion, the HGN1 Teal HK 97/AA ca vaccine is highly restricted in replication in H6
seronegative healthy human adults and induces low antibody responses as measured by
current assays. Additional H6 vaccines need to be evaluated to determine whether other H6
strains that are more immunogenic can be used in pandemic vaccine planning and
development.
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