1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

éPL "VS)))\

NIH Public Access

Y (A
] a2 & Author Manuscript

o
R s

Published in final edited form as:
Vaccine. 2007 April 30; 25(17): 3263-3269.

Humoral and Cell-Mediated Immune Responses of Humans to
Inactivated Influenza Vaccine with or without QS21 Adjuvant

I Mbawuikel, Y Zangl, and RB Couchl

1Baylor College of Medicine, Department of Molecular Virology & Microbiology, One Baylor Plaza, MS
BCM280, Houston TX 77030

Abstract

To evaluate humoral (antibody) and cell mediated immune (CMI) responses, 30 healthy young adults
were either given inactivated influenza vaccine with or without QS21 adjuvant. Vaccination site pain
and postvaccination myalgias were greater in the QS21 group. Serum antibody increases occurred
in 73 to 93% of subjects for each vaccine and antigen at 2 weeks and 4 weeks but frequencies and
mean titers for the two vaccines were not different. No differences in T cell cytotoxicity were detected
for either vaccine for influenza A or B infected cells. IFN-y for both vaccine groups was increased
in supernates after 3 days but not 7 days of stimulation in the cytotoxicity tests; amounts for the two
vaccines were similar. To further evaluate CMI, remaining PBMCs were stimulated overnight with
cells infected with each vaccine strain; an increase in spot forming cells (sfc) for Granzyme B and
IFN-y was found for all subjects and in 51 of 54 sfc tests. A slightly higher response in the Gran B
test for QS21 subjects was suggested, but no clear immune response advantage was identified among
healthy adults for QS21 adjuvanted influenza vaccine.
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Introduction

Inactivated influenza virus vaccines (IVV), have been available and used for prevention of
influenza and its complications for decades. During that period, viral antigens, dosages of the
antigen and methods for antigen quantitation have varied (1,2). For about the past 25 years,
vaccines distributed for use in humans have contained antigens from each of the current
circulating strains standardized to contain 15 pg of the hemagglutinin (HA) of each strain
suspended in a saline solution (aqueous vaccine). These vaccines induce serum anti-HA
antibody in the majority of vaccinated persons although responses tend to be less common and
of lower magnitude in the elderly (2).
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There is general agreement that protection of the elderly with current inactivated vaccines is
not optimal and that improvement in their efficacy is desirable. A number of options have been
proposed for improving immune responses to current vaccines so as to improve their protective
power; among these is addition of an adjuvant to the vaccine preparation (3). A variety of
adjuvants are available; one of these is QS21, a purified saponin from the bark of the South
American tree, Quillaja saponaria (4). QS21 adjuvant is known as a T helper 1 cell adjuvant
that enhances both humoral and cell mediated immune responses (4-6). Preclinical studies by
us in mice comparing aqueous IVV to IVV containing the adjuvants QS21, monophosphoryl
lipid A (MPL), or incomplete Freund's adjuvant (IFA) revealed that QS21 was superior for
inducing antibody responses and protection in both unprimed and primed mice (7). IFA was
included because it was used extensively in humans as an adjuvant for IVV in the 1950s and
was shown to induce significant levels of protection (8). It was inferior to QS21 as an adjuvant
in our preclinical studies (7).

The present study was designed to determine if QS21 used as an adjuvant with standard aqueous
trivalent IVV would induce greater serum antibody responses than standard vaccine in humans
as it had done in the mouse model and whether cell mediated immune (CMI) responses would
be induced and be greater among persons given the vaccine containing QS21 adjuvant.

Materials and Methods

Subjects

Vaccines

Subjects were healthy young adults between 18 and 40 years of age; sixteen were male and 14
female. Fifteen subjects were white, five were African-American, four were Hispanic, three
were Asian, one was of American Indian/Alaskan native ancestry; the racial/ethnic group for
two subjects was unknown. Each subject was screened for good health by completing a health
history questionnaire and undergoing any physical examination indicated by the health history.
Prior to vaccination, blood pressure, pulse, and oral temperature were documented as within
the normal range: all subjects were free of any acute illness and all females had a negative urine
test for pregnancy on the day of vaccination. The protocol was reviewed and approved by the
Baylor College of Medicine Institutional Review Board for Human Research before
commencing the trial.

The inactivated influenza vaccine was purchased in the open market. It consisted of the 2000
— 2001 formulation prepared by Aventis Pasteur (now Sanofi Pasteur) Inc. The vaccine strains
were A/Panama/2007/99 (H3N2), A/New Caledonia/20/99 (H1N1) and B/Yamanashi/166/98
present as 15 ug of the HA of each strain. The experimental vaccines were prepared on site by
addition of normal saline or QS21 adjuvant to the standard vaccine such that a 0.6 ml volume
would contain the standard concentration of viral antigens with or without 50 pg of the QS21
adjuvant.

Nucleoprotein in the vaccine was measured in an ELISA assay. Briefly, microtiter plates were
coated with monoclonal anti-influenza NP antibody (Serotec, Raleigh, NC) overnight at 4°C.
After blocking, diluted (1:4 or 1:16) influenza vaccine was added and incubated at 37°C for 2
hours. For detection, an FITC-conjugated anti-influenza NP monoclonal antibody (Virostat,
Portland, ME) was added and incubated at 37°C for 1 hour, followed by biotin-conjugated rat-
anti-FITC monoclonal antibody (Serotec). After incubation with peroxidase-conjugated
streptavidin, the assay was developed with an ABTS substrate kit for horseradish peroxidase
(Zymed Laboratories, South San Francisco, CA). The O.D. was determined at a wavelength
of 415 nm and the amount of NP in the vaccine obtained from a standard curve using rNP. The
vaccine contained 22 ng of influenza A NP.

Vaccine. Author manuscript; available in PMC 2008 April 30.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Mbawuike et al.

Design

Page 3

Thirty healthy adults were randomly assigned to receive 0.6 ml IM of the standard aqueous
vaccine (0.5 ml of standard vaccine plus 0.1 ml saline) or 0.6 ml of the QS21 adjuvanted vaccine
(0.5 ml of standard vaccine plus 0.1 ml of QS21 adjuvant). Vaccines were administered by an
unblinded person but all clinical and laboratory evaluations were performed by persons
unaware of the vaccine given to the volunteer. Blood was obtained before and two and four
weeks after vaccination for antibody and CMI assays.

All subjects were observed for thirty minutes and again one day after vaccination for adverse
events. In addition, each subject completed a daily recording of symptoms and oral temperature
for a period of seven days. Injection site (pain, redness, swelling) and systemic symptoms
(fever, headache, malaise, nausea, or body ache) were graded on a severity scale from 0 to 3
(see Table 1 for description). Serious adverse events (SAEs) were defined as life-threatening
adverse events, significant or persistent disability, hospitalization, or death.

Serologic Assays

CMI Assays

Serum obtained before and four weeks after vaccination was tested for antibody in
hemagglutination-inhibition (HAI) and neutralization (neut) tests as described previously (9,
10). Antigens for assays were the vaccine antigens A/Panama/2007/99 (H3N2), A/New
Caledonia/20/99 (H1N1), and B/Yamanashi/166/98. Whole virus was used for the HAI
antibody tests; concentrations of reagents were altered and an erythrocyte adsorption step was
added to permit a starting dilution of 1:4. A four-fold or greater increase in HAI or neut titer
from baseline to one month after immunization was considered significant.

Peripheral blood mononuclear cells (PBMC) were obtained and cryopreserved as described
previously (11). Viruses used in CMI assays were A/Taiwan/1/86 (H1N1), B/Panama/45/90
and the three vaccine strains.

Cytotoxicity—Assays for cytotoxic lymphocytes (CTLs) were conducted as described
previously (11,12). Briefly, cryopreserved PBMCs were thawed, washed and verified as >95%
viable. PBMC:s for stimulation were infected with A/Taiwan/1/86 (H1IN1) or B/Panama/45/90
virus and then co-cultured with responder PBMCs at a 1:5 stimulator:responder ratio for seven
days at 37°C. Target cells for CTL assays were thawed and incubated overnight at 37°C; A/
Taiwan or B/Panama virus and >1Cr were then added to the targets and incubated for two hours.
Stimulated cells from day 7 (effector cells) were added to target cells at a varying effector:target
cell ratio. The mixture was incubated in microtiter plates for four hours followed by
determination of radioactivity (cpm) in agamma counter. The percent specific cytolytic activity
was calculated using a described formula (11). Lysis of >10% was considered significant and
an increase from prevaccination levels of >5% at two or four weeks was considered to be a
significant increase.

Cytokine ELISA—Cell culture supernates were obtained from the cytotoxicity assays on day
3 and again on day 7 of the in vitro stimulation and assayed for IFN-y, IL-4, and TNF-q.
Cytoscreen ELISA kits were used for IFN-y and TNF-a; IL-4 was determined using
Cytoscreen™ Ultra Sensitive ELISA kits (BioSource International). Assays were performed
according to directions with cytokine quantity determined by comparison to standard curves
developed with recombinant human cytokines and expressed as pg/ml.

IFN-y and Granzyme B Elispot Assay—Assays were performed as described by Shafer-

Weaver, et al. (13). Briefly, microplates were coated overnight with anti-human IFN-y
monoclonal antibody (BD Biosciences, San Diego, CA) or anti-human GrB antibody (clone
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GB-10, MABTECH Inc, Sweden) as capture antibodies and blocked with assay medium.
PBMC effector cells (200,000 cells) and influenza virus-infected stimulator cells (20,000 cells)
were added to triplicate wells (100 pl each). Following incubation for 20 hours at 37°C, the
plates were washed and biotinylated anti-human IFN-y or GrB detecting antibody at 2 pg/ml
was then added. The plates were incubated at room temperature for two hours and washed
before adding Streptavdin-HRP to each well followed by incubation for one hour at room
temperature. The plates were washed again and spot forming cells were visualized using 3-
Amino-9-Ethylcarbazole (AEC) substrate (BD Biosciences) for IFN-y and 3,3', 5,5
tetramethylbenzidine (TMB) substrate (Moss, Inc., Pasadena, Maryland) for GrB. Spots were
allowed to develop for 5-15 minutes in the dark and the reaction was then stopped by rinsing
with distilled water. The membranes were air dried and spots per well were enumerated using
the ImmunoSpot Imaging Analysis system (ZellNet Consulting, Inc., NY).

Data Analysis

Results

Differences in proportion of subjects exhibiting a response were assessed in Fisher's Exact
tests. Comparisons of differences between mean CTL lysis (for each E:T ratio) and cytokine
concentrations were made by a two-tailed t test procedure in ANOVA using the STATVIEW
Software (SAS Institute, Inc., Cary, NC). Multivariate t tests on differences between pre- and
post-vaccination means of each vaccine group were also performed. For sfc analyses, a mean
and standard deviation (S.D.) was calculated for PBMCs collected before vaccination; an
increase in sfc greater than 2 S.D. above the baseline mean was considered significant.

Reactogenicity

Reports of adverse effects from the different vaccines are shown in table 1. There were no
differences in immediate pain at the vaccination site but reports of pain were significantly more
common for the QS21 group at the 30 minute period postvaccination (p <.05, Fisher's Exact
test). Pain was also increased in the QS21 group in the daily diary reports (p <.05, Fisher's
Exact test). Myalgia reports were significantly increased in the QS21 group at the day 1 clinic
visit and were also increased in the daily diary reports (p <.05 for each, Fisher's Exact test).
Although not statistically significant, a number of the other adverse effects sought were
increased in the QS21 vaccine group (Table 1). Adverse effects reported in the daily diaries
were of one to four days' duration.

There were no severe reactions but three individuals exhibited an overall moderate reaction
and one missed classes day 1 after vaccination; all three had received the QS21 containing
vaccine. Other adverse effects thought attributable to the vaccine were a report of “sore arm
for eight days” and presence of tenderness in the axillary region on days two to five
postvaccination with a nontender lymph node palpable on this person at the day 14 visit. Both
of these subjects had received the QS21 adjuvanted vaccine. There were no SAEs.

Serologic Responses

Serum HAI and neutralizing antibody responses for the two vaccine groups are shown in Table
2. The antibody response frequencies and magnitude for each antigen were high for both
vaccines. There were no statistically significant differences between the two vaccines for any
of the serologic responses.

CMI Responses

Mean specific cytotoxic responses (CTX) induced by ex vivo stimulation of PBMCs from
vaccinees in each vaccine group are shown in Figure 1. CT X increased with increasing effector
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to target ratio but no significant increase over baseline was noted for the mean values for either
vaccine at two weeks or four weeks or for either influenza A/Taiwan (H1IN1) or influenza B/
Panama when used in stimulator and target cells. Considerable variability was seen in CTX
for individual subjects; some exhibited an increase over baseline (>5%) in the 2 or 4 week
bleeds and some showed a fall (data not shown).

Amounts of INFy in supernates from the CT X tests also varied considerably among the different
vaccinees; however, most exhibited an increase over baseline at three days but not after seven
days of in vitro stimulation. Baseline values varied between 350 and 55000 pg/ml. Because of
baseline variability, the IFN-y data were expressed as a ratio of IFN-y in stimulated to
unstimulated PBMC supernates (stimulation index). The stimulation index (SI), was
significantly higher for the two week samples after three days but not seven days of culture (P
<0.01, t test for day 3 paired data) for both A/Taiwan and B virus (Figure 2). However, the
three day stimulation samples were not different for the two vaccines. There were no significant
differences for the four week samples over baseline, either for the three or seven day
stimulations. Similar analyses of IL-4 and TNFa did not show a significant change over
baseline for either vaccine at any of the times (data not shown). For all comparisons, there were
no significant differences between the two vaccines.

To further evaluate CMI responses after vaccination, the remaining available PBMCs were
used for 18 hour in vitro stimulations with autologous PBMCs infected with each of the vaccine
strains followed by testing for IFN-y and Granzyme B (Gr B) spot forming cells (sfc). Sufficient
PBMC:s for this testing were available from only six subjects given the QS21 containing
vaccine and three given standard agueous vaccine. Mean baseline Gr B sfc varied between 0
and 78 per 200,000 cells and baseline IFN-y sfc varied between 0 and 217 per 200,000 cells.
An increase in sfc for both Gr B and IFN-y occurred at either two or four weeks or both after
vaccination for at least two of the three antigens in each of the subjects. The increase exceeded
2 S.D. above the baseline mean in all but three instances (Table 3). Two subjects given QS21
vaccine did not exceed 2 S.D. after the influenza B stimulation (0 and 1 sfc) and one of these
subjects also failed to show an increase for IFN-y sfc after influenza A/Panama stimulation (0
sfc). The highest sfc increases were in two subjects given the QS21 vaccine (subjects 3 and 6)
but there was no suggestion of a difference between vaccines for the remainder of the subjects.

Discussion

The present study sought evidence for an immunogenicity advantage for inactivated influenza
virus vaccine containing the adjuvant QS21 over standard aqueous inactivated vaccine in
healthy adults. However, no advantage for QS21 adjuvanted vaccine was detected.
Reactogenicity evaluations revealed a significantly greater frequency and severity of local pain
at the vaccination site and of generalized myalgias among subjects given the QS21 vaccine;
also, one QS21 subject missed classes for one day. However, this increased reactogenicity for
the QS21 vaccine was judged as acceptable clinically if this vaccine had induced a significantly
greater immune response of potential clinical benefit.

There were no differences in serum antibody responses between the vaccines for either
frequency of significant increases or magnitude of the increases in either of two different
serologic tests performed (HAI and neut) at either two or four weeks after vaccination. Thus,
no adjuvant effect for serum antibody responses was seen in humans despite a clear superiority
of QS21 adjuvant for inducing serum antibody responses in both primed and unprimed mice
(7). This suggests that the mouse may not be a useful animal for discriminating between
antibody responses to different inactivated influenza vaccines in humans, at least as regards
value of an adjuvant.

Vaccine. Author manuscript; available in PMC 2008 April 30.
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Soon after inactivated influenza vaccines were first prepared, increased antibody responses
were described in mice when Freund's or alum adjuvant were used (14). Incomplete Freund's
adjuvant was incorporated into IVV and used extensively in humans in the 1950s (8). It was
reported to induce significant levels of protection against interpandemic influenza and to induce
antibody responses similar to aqueous vaccines for lower doses of vaccine antigen with novel,
potential pandemic antigens (15). Continued use of IFA ceased at least partly because of
induction of a low frequency of sterile abscesses at the vaccination site (16).

Although some increase in serum antibody responses have been reported, more recent tests in
humans of IVV with an adjuvant have not clearly shown a superior response that can be
expected to provide clinical benefit greater than those induced by standard aqueous vaccines
(3). This has been true for use of vaccines during the interpandemic period among highly
primed persons; benefit has been clearly demonstrated when adjuvant is used with 1VV
containing a novel, potential pandemic virus (15,17).

Since QS21 is known as a TH1 adjuvant for which a potential advantage might be induction
of CMI responses after IVV, this was sought in the present study. An increase in cytotoxic
lymphocytes (CTL) responses in PBMCs after IVV has been reported but these responses have
been low and transient (18,19). CTL response were sought in the present study and detected
in an occasional volunteer but differences between the two vaccines for different antigen
stimulations at the different test times were not seen. The CTL test involved seven days of
antigenic stimulation in vitro before testing for CTLs. The present results are in agreement
with previous published data (20,21) in demonstrating only minimal increases in CTL
responses following administration with inactivated influenza vaccines. This is most likely due
to the insensitivity of the °1Cr-release assay as previously suggested by IFN-y ELISPOT and
peptide-tetramer assays (22). All healthy adults possess baseline levels of memory influenza
virus-specific CTLs due to multiple past influenza infections. Our inability to detect
measurable increases in CTL responses after vaccination is probably because of expansion of
memory CTLs in both pre- and post-vaccination samples during the 7 day in vitro stimulation
that masks differences. Testing of supernates from this test for IFN-vy, a surrogate for CMI
responses, revealed an increase in most subjects over baseline after three days of stimulation
but not after seven days. Again, some subjects exhibited an increase and some did not. To
further evaluate CMI, assays employing Granzyme B, a lysozomal enzyme that mediates
specific CTX, and IFN-y sfc were developed that involved only overnight stimulation of
PBMCs with antigen. For this test, the three viruses used in the vaccine were used as
stimulators. Unfortunately, sufficient PBMCs remained for this test on only nine of the 30
subjects. A significant increase in both GrB and IFN-y sfc was seen in all subjects and in 51
of 54 antigen stimulation sfc tests. So, IVV clearly induced a CMI response and it appears to
have done so in essentially all healthy persons. Although a greater response was seen for GrB
sfc in two of the QS21 vaccinated subjects, the numbers were small and no clear advantage for
the adjuvanted vaccine was identified. Influenza virus proteins known to be present in the
vaccine were HA and NP but others may also have been present; the specific antigen or antigens
inducing the sfc responses is unknown.

In summary, QS21 adjuvant did not enhance either humoral or CMI responses to IVV among
primed healthy adults over those induced by standard 15 ng HA aqueous vaccines. The
measurements used for CMI in the present study suggest that conventional seven day in
vitro stimulation tests for CTLs lack sensitivity for measuring differences in CMI between
humans and between influenza vaccines. The one day sfc assay for Gr B and IFN-y appears to
provide the desired sensitivity. Application of these assays should improve our understanding
of CMI responses to influenza vaccines.
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Interferon gamma (IFN-y) in supernates from the cytotoxicity assays after 3 and 7 days of
stimulation with influenza A/Taiwan/86 (H1N1) or B/Panama/45/90 infected cells at the mean
times shown. Because of variability in baseline values, results are shown as the mean ratio of
IFN-y in supernates from stimulated to that in unstimulated cells (stimulation index) for
subjects given influenza vaccine with or without QS21 adjuvant.
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