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Background: Influenza A/H7N9 viruses are undergoing antigenic drift since their emergence in 2013, and
vaccination strategies are needed for pandemic preparedness. Two doses of adjuvanted monovalent inac-
tivated influenza A/H7N9 vaccine (IIV1 A/H7N9) are needed for optimal serological responses. However,
administering 2 doses in a pandemic setting might be challenging. We evaluated the immunogenicity of
“boosting” with IIV1 A/H7N9 in subjects “primed” 8 years previously with 1IV1 A/H7N7.

Methods: We administered 1 booster dose containing 45 mcg of IIV1 A/H7N9 hemagglutinin to 17 recip-

Keywords: ients of 2 prior doses of 1IV1 A/H7N7, and to 10 influenza A/H7-naive subjects. We tested their
Influenza A/H7N9 . . . . . h .
Prime-boost post-boosting sera for antibodies (Ab) against homologous influenza A/H7N9 using a hemagglutination
Vaccines inhibition assay; and compared their Ab titers to those in stored sera from recipients of ASO3-
Pandemic adjuvanted 1IV1 A/H7N9 against 9 strains of influenza A/H7N9 viruses.

Avian Results: The percentage of subjects with Ab titers >40 on Days 9 and 29 post boosting, respectively, was
Influenza 65% and 41% in primed subjects and 10% and 0% in unprimed subjects. The Ab titers in recipients of AS03-
adjuvanted IIV1 A/H7N9 were higher than those in the prime-boost group against a panel of influenza
A/H7N9 viruses, except for 2 highly pathogenic strains.
Conclusions: Priming with 1IV1 A/H7 results in serological responses following a delayed boost with 1
dose of unadjuvanted 1IV1 A/H7N9, despite lack of antibody response after the prime. Optimizing
prime-boost approaches would benefit pandemic preparedness.
ClinicalTrials.gov identifier: NCT02586792.
© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

In 2013, the novel influenza A/H7N9 virus emerged as a cause of
human disease in Eastern China, and since then 1567 laboratory-
confirmed cases have been reported to the World Health Organiza-
tion (WHO) resulting in 615 deaths (as of March 2nd, 2018).
Influenza A/H7N9 infections have occurred in 6 epidemic waves,
with the 5th wave causing a higher number of cases (766 cases)
and spanning a wider geographic distribution than its predecessors
[1,2]. The circulating influenza A/H7N9 viruses have evolved in
these successive waves. Genotypically, fewer circulating genotypes
caused most of the disease in wave 5 [3]. Antigenically, some
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strains isolated in the 5th wave have accumulated enough muta-
tions in the hemagglutinin (HA) gene for ferret antisera raised
against 2013 influenza A/H7N9 isolates to have no or low reactivity
against these strains [4]. Moreover, highly pathogenic influenza A/
H7N9 virus strains (HPAI) were identified in the 5th wave, which
may have implications for vaccine development considerations
[4]. During these waves, the virus maintained its ability to bind
both human and avian sialic acid receptors [4]|. While sustained
human-to-human transmission of influenza A/H7N9 viruses has
not occurred, the potential for reassortment and host adaptation
exists, which could result in an influenza pandemic with enormous
morbidity and mortality [5].

The closure of live poultry markets in major urban areas
has resulted in a reduction in the number of cases of influenza
A/H7N9 cases in those regions and a shift of the epidemic to sub-
urban and rural communities [6]. Vaccination remains the most
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important measure to control influenza in humans. Studies have
shown that unadjuvanted monovalent inactivated influenza
A/H7N9 and A/H7N7 vaccines (IIV1 A/H7N9 and IIV1 A/H7N7,
respectively) are poorly immunogenic. The putative seroprotective
hemagglutination inhibition antibody (HAI Ab) titer of 40 was
reached in 0% and 2% of recipients of 2 doses of IIV1 H7N7 and
[IV1 H7N9, respectively, containing 15 mcg of HA per dose.
Increasing the HA dose in IIV1 A/H7N7 to 90 mcg and in I1IV1
A/H7N9 to 45mcg did not result in significantly improved
responses [7,8]. Improvement in the serologic responses to 1IV1
A/H7N9 was achieved with the addition of oil-in-water based
adjuvants and at dose-sparing HA levels [7,9].

Administering 2 doses of adjuvanted vaccines to the general
population after the declaration of a pandemic is logistically chal-
lenging, given the manufacturing, distribution, and administration
time constraints. Administering one dose of vaccine would be more
desirable in a pandemic setting. A prime-boost scenario, whereby
the population is primed with an avian influenza vaccine based
on a circulating strain that is hypothesized to have a pandemic
potential, then boosted by a single dose of a vaccine based on the
related (but antigenically drifted) strain that has been shown to
cause sustained human-to-human transmission, is potentially
more achievable. There are published data to support such a
heterologous prime-boost strategy. For example, in unprimed indi-
viduals, 2 doses of homologous IIV1 A/H5N1 at the 90 mcg HA per
dose level are needed to achieve an HAI Ab titer of >40 in 58% of
individuals [10]. However, in a heterologous prime-boost strategy,
37 subjects who received two priming doses of recombinant HA
influenza A/H5N1 clade 0 vaccine in 1997-1998 were given a sin-
gle dose of 1IV1 A/H5N1 (clade 1) ~8 years later. On Day 28 post
boosting, 70% of the subjects had seroprotective HA titers against
the clade 1 strain [11].

In 2014, Babu et al. demonstrated that administering 2 doses of
live attenuated influenza A/H7N7 vaccine followed by a homolo-
gous IIV H7N7 18-24 months later resulted in a 69% seroconver-
sion rate against homologous and heterologous strains [12]. This
approach resulted in a rapid increase of quantity, epitope diversity,
and affinity of H7 head-specific antibodies [13]. There are no pub-
lished data demonstrating serological responses following a
heterologous prime-boost with IIV H7 subtypes. In 2008 our group
demonstrated that 2 doses of unadjuvanted IIV1 A/H7N7 at the 7.5,
15, 45 or 90 mcg HA per dose were poorly immunogenic in young
adults, with only 5% of subjects achieving an HAI Ab titer of >40
after 2 doses of 90 mcg HA [8]. To test the priming achieved by this
poorly immunogenic IIV1 A/H7N7, we boosted subjects from the
aforementioned trial, and influenza A/H7 vaccine-naive individuals
with 1 dose of IIV1 A/H7N9 at the 45 mcg HA dosage level, and
assessed the immunologic response by HAI and virus microneu-
tralization (MN) Ab assays. To assess the breadth of the serological
responses generated by the heterologous prime-boost approach,
we tested post-boosting sera from the study subjects against a
panel of 9 influenza A/H7N9 strains isolated from the 1st and 5th
epidemic waves and compared it to the responses generated by 2
doses of homologous 1IV1 A/H7N9 at the 3.75, 7.5 or 15 mcg HA
dosage with ASO3 adjuvant, using stored sera from a previously
conducted study (DMID 13-0033, NCT01942265) [7].

2. Methods
2.1. Study design

This was a Phase 2 open-label study of non-pregnant healthy
subjects, 19-50years of age, who received 2 doses of IIV1

A/H7N7 at any dosage level in clinical trial DMID 07-0023
(NCT00546585), or IIV A/H7 naive-subjects, evaluating the safety

and immunogenicity of 1 dose of 1IV1 A/H7N9 at the 45 mcg HA
dosage level. Full eligibility criteria are provided on clinicaltri-
als.gov, NCT02586792. We defined Group 1 subjects as prior recip-
ients of IIV1 A/H7N7, and Group 2 as influenza A/H7-naive
subjects.

DMID 07-0023 was a randomized, double-blind study in which
126 subjects were enrolled and randomized to 5 groups of 25
subjects who received 2 doses (28 days apart) of placebo or 1IV1
A/H7N7 at the 7.5 mcg, 15 mcg, 45 mcg or 90 mcg HA dosage level.
The study was conducted in 2008. The DMID 07-0023 study vac-
cine was an A/H7N7 egg-based, formalin inactivated reassortant
[IV1 produced by Sanofi Pasteur. The HA donor virus was
A/mallard/Netherlands/12/2000 (H7N3), the NA donor virus was
A/mallard/Netherlands/2/2000 (H10N7), and the internal genes
were influenza A/H1N1-derived (A/Puerto Rico 8/34 (PR8) and
A/Johannesburg/82/96).

Stored sera from DMID 13-0033 subjects who agreed to future
use research were assayed to compare the breadth of the serologic
response generated by the heterologous prime-boost approach to
that achieved following receipt of 2 doses of homologous AS03-
adjuvanted IIV1 H7N9. DMID 13-0033 was a double blind, random-
ized study evaluating the safety and immunogenicity of 2 doses of
IIV1 A/H7N9 given intramuscularly (IM) at different HA dosage
levels (3.75 mcg, 7.5 mcg, 15 mcg, and 45 mcg), with or without
AS03 (GSK) or MF59 (Novartis/Seqirus) adjuvants. For the current
study, we only tested sera from subjects who received study vac-
cine containing ASO3 at the 3 HA dosage levels.

2.2. Study procedures

All subjects received 1 dose of 1IV1 A/H7N9 at the 45 mcg HA
dosage level as a single 0.75 mL IM injection in the deltoid region.
Subjects recorded pre-specified injection site and systemic reac-
tions on a memory aid for 8 days after vaccination (vaccination
day is Day 1). Adverse events (AE) were collected for 28 days after
study vaccination and graded as mild (Grade 1) if they did not
interfere with subjects’ daily activities and required no treatment,
moderate (Grade 2) if they caused some interference with subjects’
daily activities or required therapeutic measures, and severe
(Grade 3) if they interrupted the subjects’ daily activities or inca-
pacitated him/her. Serious adverse events (SAEs) data were col-
lected for 6 months after study injection and were defined as
Guillain-Barré syndrome or any AE that results in death, life threat-
ening event, hospitalization or prolongation of hospitalization, per-
sistent or significant incapacity, birth defect/congenital anomaly,
or AE that requires a medical intervention to prevent death, threat
to life or hospitalization. Venous blood was collected on Days 1
(pre-vaccine), 9 and 29 for HAI and MN Ab assays.

The study was approved by the Institutional Review Board at
Baylor College of Medicine, under protocol number H-37922. All
subjects provided written consent to study participation prior to
any study procedure.

2.3. Study vaccine

The study product is [IV1 A/H7N9 vaccine manufactured by
Sanofi Pasteur using the same manufacturing process as the
seasonal IV, except for a minor modification in the phosphate
buffered saline (PBS) diluent in the formulation step. This vaccine
(lot number UD16397) was derived from the influenza A/Shang-
hai/2/2013 virus (1st wave strain). The HA content of the bulk
inactivated influenza A/H7N9 vaccine was determined by
reversed-phase  high-performance liquid chromatography
(RP-HPLC) instead of single radial immunodiffusion (SRID) assay,
as the SRID reagents were not available from regulatory authorities
at the time of formulation. Once the reagents became available, the
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HA content of the vaccine was determined to be approximately
50% higher (74.25 mcg of HA per dose) than the targeted HA con-
tent on the label (45 mcg). In this protocol, we maintained the
labeling of the original HA content of the RP-HPLC-based IIV A/
H7N9 formulations.

2.4. Laboratory assays

HAI and MN Ab assays against the homologous influenza
A/Shanghai/2/2013 (H7N9), and influenza A/H7N7 viruses were
performed at a single central laboratory (Southern Research, Birm-
ingham, Alabama), as previously described [14]. Serum samples
were tested in duplicate and the geometric mean titer (GMT) of
replicate results was used for analysis. The initial dilution was
defined as 1:10 per US Food and Drug Administration recommenda-
tions; serum samples without activity were scored as 5. Serocon-
version was defined as either a pre-vaccination HAI titer <10 and
a post-vaccination HAI titer >40 or a pre-vaccination HAI titer
>10 and a minimum four-fold rise in post-vaccination HAI antibody
titer. In addition, 2 serum aliquots were shipped to Joint Institute of
Virology (Shantou University-The University of Hong Kong)
for testing against A/Shanghai/2/2013 (wave 1; Shg/2/13),
A/Anhui/1/2013 (wave 1; Anh/1/13), A/chicken/Dongguan/
A3217/2016 (wave 5, clade B; chk/Don/A3217/16), A/chicken/
Guangzhou/372/2017 (wave 5, clade B; chk/Gua/372/17), A|/Zhe-
jiang/5/2017 (wave 5, Clade C; Zhe/5/17), A/chicken/Huz-
hou/849/2017 (wave 5, Clade C; chk/Huz/849/17), A/chicken/
Shantou/39/2017 (wave 5, Clade C; chk/Sha/39/17), A/chicken/
Shantou/9204/2016 (wave 5, Clade C, HPAI; chk/Sha/9204/16),
and A/Guangzhou/17SFO03RG/2017 (wave 5, Clade C, HPAI,
Gua/17SFO03RG/17). Briefly, sera were thawed and treated with
receptor-destroying enzyme (Denka Seiken Co., Ltd.) to remove
non-specific inhibitors, then heat-inactivated at 56 °C for 30 min.
The sera were then absorbed with Turkey red blood cells to mini-
mize non-specific agglutination. Antibody titers were determined
by testing serial two-fold dilutions from 1:10 to 1:1280 in 96-
well microtiter plates with 0.5% Turkey erythrocytes using four
hemagglutination units. Any uncertain results were resolved by
repeat testing in duplicate. Positive and negative control sera (ferret
sera) were also tested at the same time with virus back-titration
performed. The HAI titer value is the reciprocal of the last dilution
of serum that completely inhibited hemagglutination. Two results
were obtained for each subject-visit and the GMT was computed
and used as the subject’s visit-specific response for all subsequent
calculations.

2.5. Statistical analysis

The sample size for this study was based on the number of sub-
jects who participated in DMID 07-0023, received 2 doses of 1IV1
A/H7N7 or 1 or 2 doses of placebo, and consented to future contact,
and it was not designed to test any specific null hypothesis. After
difficulty recruiting placebo recipients from the previous trial,
the protocol was amended to enroll A/H7 vaccine-naive subjects
who did not enroll in DMID 07-0023 to increase the precision for
estimates of serologic responses in this group, and improve power
for comparisons between groups.

The two co-primary immunologic endpoints included the pro-
portion of subjects who had an HAI Ab titer of >40 and the propor-
tion of subjects who met the definition of seroconversion 28 days
after vaccination (Day 29). Since all subjects were seronegative at
baseline, these 2 endpoints were identical and for simplicity only
the proportion of subjects with a titer >40 is presented. As sec-
ondary endpoints, the proportion of subjects with MN Ab titer
>40, and HAI and MN Ab GMTs were also calculated. Comparisons
were conducted to evaluate differences in response between study

groups using a Fisher’s exact test to compare the percentage of
subjects with titer >40 and a non-parametric Wilcoxon test for
comparisons of Ab titer magnitude. Statistical significance was
considered at a level of o = 0.05 and all tests were two-sided. Anal-
ysis was performed using SAS 9.4 (SAS Institute, Cary, NC). As the
study objective was to obtain preliminary estimates of immune
responses using the prime-boost vaccination strategy, analyses
were not adjusted for multiple comparisons and because missing
data were minimal, imputation was not performed.

3. Results

We attempted to contact all 126 subjects previously enrolled in
DMID 07-0023 (Fig. 1, Consort Diagram). A total of 20 subjects (18
previous vaccine recipients and 2 previous placebo recipients)
were screened for the current study. One subject was not eligible
(breastfeeding). We enrolled 19 subjects from the DMID 07-0023
study (7.5 mcg HA, N=7; 15mcg HA, N=2; 45 mcg HA; N=6,
90 mcg HA; N =2, placebo, n=2), and an additional 8 1IV1 A/H7-
naive subjects. All subjects were enrolled at Baylor College of Med-
icine in Houston, Texas, between January 12th and July 1st, 2016.
Subjects were 52% male, and 67% were non-Hispanic White
(Table 1).

3.1. Safety and reactogenicity

The IIV1 A/H7N9 vaccine was well tolerated. A total of 18 (67%,
95% Cl 46-85%) subjects reported at least one solicited systemic or
injection site reaction, and similar event rates were reported in
both groups. The most prevalent solicited injection site reaction
was tenderness (35%, 95% Cl 14-62% in Group 1, and 50%, 95% CI
19-81% in Group 2). All injection site reactions were graded as
mild or moderate in intensity. There were 11 subjects in Group 1
(65%, 95% CI 38-86%) and 2 subjects (20%, 95% CI 3-56%) in Group
2 who reported solicited systemic reactions, all were mild or mod-
erate in intensity. There were 6 unsolicited AEs (5 in Group 1 and 1
in Group 2) in 6 subjects, all were mild or moderate in intensity,
and none were assessed as related to study product. There were
no SAEs reported during the 6-month follow up duration.

3.2. Immunogenicity

At baseline, all subjects had HAI and MN Ab titers that were
below the limit of detection against influenza A/H7N9 and A/
H7N7. Using the A/H7N9 virus as a test strain, HAI Ab GMTs in
Group 1 rose to 41.7 on Day 9 and then declined to 26.1 on Day
29; in contrast, HAI Ab GMTs in group 2 were 6.4 and 5.2 on Days
9 and 29, respectively. The difference between the 2 groups was
statistically significant (P < 0.001 for the 2 time points). On Days
9 and 29 post vaccination, 65% and 41% (respectively) of subjects
in Group 1 had HAI Ab titers >40, compared to 10 and 0% (respec-
tively) in Group 2. The difference between the 2 groups was statis-
tically significant (P<0.001 and P=0.026 for Days 9 and 29
comparisons, respectively). For MN Abs, subjects in Group 1 had
GMTs of 108.6 and 69.4 on Days 9 and 29 (respectively), compared
to GMTs of 8.4 and 8.7 in Group 1 subjects on Days 9 and 29
(respectively). The difference between the 2 groups was statisti-
cally significant (P < 0.001 for the 2 time points). On Days 9 and
29, 82% and 76% of subjects (respectively) in Group 1, compared
to 0% and 0% in Group 2 achieved a MN Ab titer of >40
(P <0.001 for the 2 time points). A similar pattern was observed
in the Ab responses using influenza A/H7N7 virus as a test strain
(Fig. 2).
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Fig. 1. Study flow chart (CONSORT diagram).

Table 1
Baseline demographic characteristics of study subjects.
Influenza A/H7N7 Influenza A/H7N7 All
vaccine recipients vaccine naive (N=10) subjects
(N=17) (N=27)
Sex
Male 9 (53%) 4 (40%) 13 (48%)
Female 8 (47%) 6 (60%) 14 (52%)
Ethnicity
Not 15 (88%) 7 (70%) 22 (81%)
Hispanic
Hispanic 2 (12%) 3 (30%) 5 (19%)
Race
Asian 2 (12%) 1(10%) 3(11%)
Black 1 (6%) 3 (30%) 4 (15%)
White 13 (76%) 5 (50%) 18 (67%)
Multiracial 1 (6%) 0 1 (4%)
Unknown 0 1 (10%) 1 (4%)
Age (years)
Median 40 (31-48) 38.5 (29-49) 39 (29-49)
(range)

3.3. Breadth of immune response

We compared the breadth of the Ab responses on Day 29 after
the boost in our study to that observed 21 days after 2 doses of
3.75 mcg HA, 7.5 mcg HA or 15 mcg HA of IV A/H7N9, all doses
given with ASO3 adjuvant in a previous study (DMID 13-0033).
The test strains represented influenza A/H7N9 viruses from the
1st and 5th epidemic waves. Following the heterologous boost,
sera cross-reacted with the panel of variant viruses. However, for
all tested strains, the HAI antibodies GMTs were higher in the
recipients of the 2 AS03-adjuvanted IIV1 A/H7N9 doses than in
those boosted with a single dose of 1IV1 H7N9, except for the 2
HPAI strains (Fig. 3, Table 2). Of note, subjects who were influenza
A/H7-naive had no to minimal detection of HAI GMTs, seroprotec-
tion and seroconversion rates against all tested strains following a

single dose of IIV1 H7N9. For the 2 vaccine strategies, the highest
HAI Ab GMTs, seroprotection and seroconversion rates were
observed against the Wave 5-Clade B - A/chicken/Dongguan/
A3217/2016 virus (Strain 3), and the lowest antibody responses
were against the 2 Clade C HPAI viruses (Fig. 3 and Table 2).

4. Discussion

In this study we demonstrate that the prime-boost approach
was safe, and well-tolerated. More importantly, we found that in
subjects with no detectable HAI and MN Ab responses following
2 doses of unadjuvanted IIV1 A/H7N7, priming (immunological
memory) did occur, as evidenced by a prompt rise in HAI and
MN Ab against the boost and priming strains following a single
dose of unadjuvanted IIV1 A/H7N9 administered 8 years later.

The rises in HAI Ab were modest, with GMTs on Day 29 post
vaccination of 26.1 and seroprotection rates of 41% against the
boost strain in primed individuals. In comparison, a single dose
of 45 mcg IIV H7N9 resulted in HAI GMT’s below the limit of detec-
tion and no seroprotection in unprimed individuals. Two doses of
AS0O3-adjuvanted IV H7N9 resulted in higher levels of HAI GMTs
and seroprotection rates than the heterologous prime-boost
approach with unadjuvanted vaccines. However, and in a pan-
demic scenario, the former approach requires the administration
of 2 doses of antigenically-matched adjuvanted vaccines, which
given the time and economic constraints in the face of a rapidly
sweeping pandemic may result in fewer individuals being vacci-
nated globally. The prime-boost approach allows for antigenic mis-
match in the priming series, is logistically and economically more
feasible, and would probably result in more individuals being vac-
cinated. It is unknown if a larger number of individuals who are
vaccinated using the prime-boost approach with resulting lower
HAI Ab levels would lead to better overall vaccine effectiveness,
than a smaller number of individuals vaccinated with resulting
higher antibody titers. HAI Ab levels are but one determinant of
protection in the setting of a pandemic, and it is possible that
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a reference line is shown at the seroprotective titer (1:40).

previous vaccination with a related strain, such as during a priming
scenario, can result in protection via other mechanisms, including
anti-neuraminidase Abs [15,16].

A lower HAI Ab GMT against the homologous strain may signify
diminished breadth of the response against drifted influenza
strains, as shown in previous studies [17]. In our study, we also
found that the HAI Ab GMTs generated by the prime-boost
approach were lower against an array of divergent influenza
A/H7N9 strains than the ones generated by 2 doses of adjuvanted
[IV1 H7N9. This may have bearing on the use of adjuvants in the

priming, as it may improve responses following delayed boosting
with a heterologous strain, as demonstrated with influenza A/H5
strains [18]. MN Ab assays were not performed to test the breadth
of the response against the 9 strains. While HAI and MN Abs usu-
ally show a strong correlation, MN Ab assays are more sensitive
against influenza A/H7, and we predict the MN Ab levels to be
higher. Similar to findings from ferret sera assays, the HPAI
A/H7N9 strains were the most antigenically distinct viruses using
human sera in our study [4]. The HPAI A/H7N9 strains were pre-
sent during the 5th wave, but were not the most prevalent strains
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Fig. 3. Hemagglutination inhibition antibody titers (2A) and seroprotection rates (2B) following influenza A/H7N9 vaccine boost (current study) and in stored sera following
AS03-adjuvanted influenza A/H7N9 vaccine against 9 influenza A/H7N9 virus strains from epidemic waves 1 and 5. (See Methods section for virus designation).

isolated from humans, and their epidemiological significance
remains unknown.

While our study and previous ones demonstrate the feasibility
and potential merits of a prime-boost approach, many uncertain-
ties remain. The optimal priming regimen is unclear. Priming
options against pandemic influenza with favorable immunogenic-
ity data include DNA vaccines, live attenuated vaccines, adjuvanted
and unadjuvanted inactivated vaccines, mRNA-based vaccines, and
recombinant vaccines. These regimens were evaluated in different
studies using different influenza strains and in different popula-
tions. Hence it is difficult to speculate about the best approach.
In addition to different priming regimens, it is possible that a single
priming dose, especially if adjuvanted, will be sufficient to prime
the immune system. The minimum time needed between the
heterologous prime and the boost is another variable that should
be evaluated, although in general longer periods result in improved
responses and expansion of Ab epitope repertoire [19]. An NIH-
sponsored study evaluating some of these different permutations
of prime-boost approaches using adjuvanted and unadjuvanted
IIV A/H7N9 is currently underway.

One limitation of the present study is the small sample size. The
fact that we detected patterns of responses with IIV1 H7N7 prime-
A/H7N9 boost that are consistent with previous descriptions is
reassuring, and confirms that memory responses develop despite
the almost complete lack of detectable serologic responses follow-
ing the priming series. The small sample size did not allow for an
examination of the role of the HA dosage in the priming series in
the response to the boost, although in an exploratory analysis we
found no apparent trend. Another limitation is that the 2 trials
from which sera were used to test against divergent strains were
non-contemporaneous. But both were performed within the Vac-
cine Treatment and Evaluation Units, with comparable quality con-
trol and processing methods, and the testing against the panel of
influenza A/H7N9 viruses took place in 1 laboratory at the same
time.

In summary, vaccination with 2 doses of unadjuvanted I1IV1
A/H7N7 resulted in immune priming to a delayed heterologous
boost, despite lack of detectable serologic responses following
the priming series. An exploration of the role of alternate prime-
boost approaches and the role of alternate correlates of protection
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Table 2
Hemagglutination inhibition antibodies against influenza A/H7N9 strains after 2 doses of AS03 adjuvanted vaccine or an unadjuvanted influenza A/H7N9 vaccine boost (primed
only).
2 vaccine doses with AS03 adjuvant Group 1° P value’
HA dosage 3.75 mcg (N=22) 7.5 mcg (N =29) 15 mcg (N =34) 45 mcg (N=17)
Baseline”
GMT (95% CI) 5.2 (4.8-5.5) 5.8 (5.0-6.8) 5.3 (4.9-5.7) 5.0 (-)
Titer >40 - % (95% CI) 0(0-15) 0(0-12) 0 (0-4) 0 (0-20)
Post Vaccination, Strain 1, Wave 1 - A/Shanghai/2/2013
GMT (95% CI) 68.3 (45.5-102.7) 55.9 (36.8-84.9) 62.0 (44.0-87.4) 25.5 (13.5-48.2) 0.0029
Titer >40 - % (95% CI) 73 (50-89) 69 (49-85) 76 (59-89) 35 (14-62) 0.0098
Post Vaccination, Strain 2, Wave 1 - A/Anhui/1/2013
GMT (95% CI) 65.2 (44.1-96.3) 53.3 (35.8-79.4) 53.2 (37.9-74.7) 21.3(12.1-37.5) 0.0013
Titer >40 - % (95% CI) 73 (50-89) 69 (49-85) 74 (56-87) 35 (14-62) 0.0119
Post Vaccination, Strain 3, Wave 5-Clade B - A/Chicken/Dongguan/A3217/2016
GMT (95% CI) 80.0 (52.6-121.6) 63.0 (42.0-94.4) 68.0 (48.8-94.7) 34.0 (18.3-63.2) 0.0134
Titer >40 - % (95% CI) 77 (55-92) 72 (53-87) 79 (62-91) 53 (28-77) 0.0716
Post Vaccination, Strain 4, Wave 5-Clade B - A/Chicken/Guangzhou/372/2017
GMT (95% CI) 53.1 (36.3-77.8) 46.7 (33.0-66.2) 47.6 (34.7-65.1) 33.3(18.1-61.3) 0.1189
Titer >40 - % (95% CI) 77 (55-92) 69 (49-85) 76 (59-89) 53 (28-77) 0.1673
HA dosage 3.75mcg (N=22) 7.5 mcg (N =29) 15 mcg (N=34) 45 mcg (N=17)
Post Vaccination, Strain 5, Wave 5-Clade C - A/Zhejiang/5/2017
GMT (95% CI) 33.6 (23.2-48.8) 25.7 (17.4-37.9) 26.6 (19.3-36.6) 15.7 (8.7-28.2) 0.0205
Titer >40 - % (95% Cl) 64 (41-83) 48 (29-67) 50 (32-68) 29 (10-56) 0.1104
Post Vaccination, Strain 6, Wave 5-Clade C - A/Chicken/Huzhou/849/2017
GMT (95% CI) 25.3 (17.1-37.5) 21.5 (15.1-30.5) 22.1 (16.6-29.5) 123 (7.0-21.6) 0.0077
Titer >40 - % (95% CI) 45 (24-68) 28 (13-47) 35 (20-54) 12 (1-36) 0.0841
Post Vaccination, Strain 7, Wave 5-Clade C - A/Chicken/Shantou/39/2017
GMT (95% CI) 29.2 (19.3-44.2) 26.0 (17.9-37.9) 23.8 (17.4-32.4) 13.9 (7.5-25.5) 0.0138
Titer >40 - % (95% CI) 50 (28-72) 48 (29-67) 44 (27-62) 24 (7-50) 0.1071
Post Vaccination, Strain 8, Wave 5-Clade C (HPAI) - A/Chicken/Shantou/9204/2016
GMT (95% CI) 9.0 (6.9-11.7) 8.7 (6.9-10.9) 8.2 (7.0-9.4) 6.8 (4.8-9.7) 0.0072
Titer >40 - % (95% CI) 0(0-15) 3 (0-18) 0 (0-10) 12 (1-36) 0.0713
Post Vaccination, Strain 9, Wave 5-Clade C (HPAI) - A/Guangzhou/17SFO03RG/2017
GMT (95% CI) 10.7 (8.1-14.0) 12.1 (9.7-15.1) 11.7 (9.6-14.1) 12.0 (7.0-20.5) 0.5267
Titer >40 - % (95% CI) 9 (1-29) 3(0-18) 3 (0-15) 12 (1-36) 0.2611

The baseline antibody titers were measured against strain 1; the baseline against the other strains were similar.
Seroprotection and seroconversion titers were nearly identical. So we present only seroprotection data.

" Pvalue in comparing the responses in the recipients of 1 dose of unadjuvanted boost vaccination at the 45 mcg HA dosage (N = 17) to a combined group of recipients of 2
doses of adjuvanted vaccine at all HA dosages (N = 85) using a Fisher’s exact test for comparisons of proportional endpoints, and Wilcoxon comparisons of titers.

@ Group 1 subjects are prior recipients of IIV1 A/H7N7.

against pandemic influenza would help inform the design of pan-
demic preparedness strategies.
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