JOURNAL OF CLINICAL MICROBIOLOGY, Mar. 1991, p. 498-505
0095-1137/91/030498-08$02.00/0
Copyright © 1991, American Society for Microbiology

Vol. 29, No. 3

In Elderly Persons Live Attenuated Influenza A Virus Vaccines Do
Not Offer an Advantage over Inactivated Virus Vaccine in Inducing
Serum or Secretory Antibodies or Local Immunologic Memory

DOUGLAS C. POWERS,2 LOUIS F. FRIES,?> BRIAN R. MURPHY,* BHAVIN THUMAR,?
AND MARY LOU CLEMENTS?*

Clinical Immunology Section, Gerontology Research Center, National Institute on Aging, Baltimore, Maryland 21224;
Divisions of Geriatric Medicine and Infectious Disease, Department of Medicine, Johns Hopkins University School of

Medicine,? and Center for Immunization Research, Johns Hopkins University School
of Hygiene and Public Health,> Baltimore, Maryland 21205; and Laboratory of Infectious Diseases,
National Institute of Allergy and Infectious Diseases, Bethesda, Maryland 20892*

Received 29 May 1990/Accepted 10 December 1990

In a double-blind, randomized trial, 102 healthy elderly subjects were inoculated with one of four
preparations: (i) intranasal bivalent live attenuated influenza vaccine containing cold-adapted A/Kawasaki/86
(H1IN1) and cold-adapted A/Bethesda/85 (H3N2) viruses; (ii) parenteral trivalent inactivated subvirion vaccine
containing A/Taiwan/86 (HIN1), A/Leningrad/86 (H3N2), and B/Ann Arbor/86 antigens; (iii) both vaccines; or
(iv) placebo. To determine whether local or systemic immunization augmented mucosal immunologic memory,
all volunteers were challenged intranasally 12 weeks later with the inactivated virus vaccine. We used a
hemagglutination inhibition assay to measure antibodies in sera and a kinetic enzyme-linked immunosorbent
assay to measure immunoglobulin G (IgG) and IgA antibodies in sera and nasal washes, respectively. In
comparison with the live virus vaccine, the inactivated virus vaccine elicited higher and more frequent rises of
serum antibedies, while nasal wash antibody responses were similar. The vaccine combination induced serum
and local antibodies slightly more often than the inactivated vaccine alone did. Coadministration of live
influenza A virus vaccine did not alter the serum antibody response to the influenza B virus component of the
inactivated vaccine. The anamnestic nasal antibody response elicited by intranasal inactivated virus challenge
did not differ in the live, inactivated, or combined vaccine groups from that observed in the placebo group not
previously immunized. These results suggest that in elderly persons cold-adapted influenza A virus vaccines
offer little advantage over inactivated virus vaccines in terms of inducing serum or secretory antibody or local
immunological memory. Studies are needed to determine whether both vaccines in combination are more

efficacious than inactivated vaccine alone in people in this age group.

Influenza epidemics are a significant cause of severe
illness and mortality in elderly people, even among those
without chronic medical problems (4). Persons aged 65 years
or older have therefore been targeted along with individuals
in other high-risk groups to receive influenza vaccinations
annually (22). Rates of protection against influenza illness
afforded by commercially available inactivated virus vac-
cines have generally been lower in elderly individuals,
particularly those who are institutionalized, than efficacy
rates reported in studies of younger populations (3, S, 14, 15,
18, 21, 30, 35). These observations, which suggest that the
immune response to inactivated influenza vaccines may
decline with advancing age, have prompted the search for
alternative approaches to vaccination that will more effec-
tively stimulate immunity to influenza in elderly individuals.

Immunologic factors, in addition to serum antibody, in-
cluding the presence of local (secretory) immunoglobulin A
(IgA) antibody in the upper respiratory tract, have been
shown to correlate with resistance to influenza virus infec-
tion in children and young adults (10, 23). Optimal protection
may therefore require both systemic and local components
of the humoral immune response. Parenterally administered
inactivated virus vaccines induce antibody in the serum, but
they are less effective at stimulating the production of
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secretory IgA antibody (9, 11). On the other hand, intrana-
sally administered, live attenuated cold-adapted (ca) influ-
enza A reassortant virus vaccines effectively elicit both
serum and secretory antibody responses in children and
young adults (11, 27). In a previous study involving healthy
elderly subjects (32), we reported that a monovalent live
attenuated ca influenza A HIN1 virus vaccine induced
infrequent and short-lived systemic and local antibody re-
sponses when administered alone, and it only marginally
augmented the secretory antibody response to parenteral
inactivated virus vaccine when the two vaccines were given
in combination. Vaccines containing hemagglutinin and
neuraminidase components from both HIN1 and H3N2
subtypes are likely to be more efficacious than monovalent
preparations during influenza A epidemics. The present
study was therefore undertaken in persons aged 60 years or
older (referred to as elderly) to reexamine our previous
findings with a bivalent live attenuated ca influenza A
vaccine comprising HIN1 and H3N2 viruses.

In our earlier study, titers of local IgA antibody elicited by
live, inactivated, or both influenza virus vaccines declined
rapidly in elderly subjects and returned to near base-line
levels by 3 months after vaccination (32). It is possible,
however, that those volunteers immunized with live virus
vaccine, despite having undetectable levels of antibodies in
nasal secretions, may nonetheless have been primed to
mount an anamnestic mucosal antibody response upon sub-
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sequent exposure to related antigens. This question was
previously addressed in a study with children who were
infected with attenuated influenza A virus vaccine but whose
nasal antibody levels had returned to barely detectable levels
1 year later (38). These children were able to mount an
anamnestic influenza virus-specific secretory IgA antibody
response following intranasal administration of inactivated
influenza virus vaccine. As part of the present investigation,
we conducted a similar study by rechallenging the elderly
subjects intranasally with inactivated virus vaccine 12 weeks
after the initial immunization and then examining the local
and systemic immune responses.

MATERIALS AND METHODS

Vaccines. Two vaccines containing antigenically similar
influenza A subtype components were used in this study: a
live attenuated bivalent virus vaccine comprising ca A/Ka-
wasaki/86 (H1N1) (CR12S, lot E-263) and ca A/Bethesda/85
(H3N2) (CR 90, lot E-254) reassortant viruses and a licensed
trivalent subvirion vaccine comprising 15 pg of each of the
HAs of A/Taiwan/86 (H1N1), A/Leningrad/86 (H3N2), and
B/Ann Arbor/86 viruses (Wyeth Laboratories, Marietta,
Pa.). The two ca reassortant viruses were derived by mating
the attenuated ca A/Ann Arbor/60 (H2N2) donor with A/Ka-
wasaki/86 (HIN1) or A/Bethesda/85 (H3N2) human wild-
type influenza virus. The production, characterization, and
safety testing of ca reassortant viruses have been described
previously (28). Each reassortant virus suspension was
grown in the allantoic cavity of specific-pathogen-free eggs
and tested for the presence of adventitious agents by Louis
Potash (Flow Laboratories, McLean, Va.). Live virus vac-
cination was performed by intranasal administration of 107+
50% tissue culture infective doses of each virus in a total
volume of 0.5 ml (0.25 ml per nostril). Vaccination with the
inactivated vaccine was performed by injecting a 0.5-ml dose
intramuscularly into the deltoid region. Challenge was per-
formed by instilling 0.25 ml of the inactivated vaccine into
each nostril.

Clinical studies. Study protocols were approved by the
Clinical Research Subpanel of the National Institute of
Allergy and Infectious Diseases and the Joint Committee on
Clinical Investigations of the Johns Hopkins Medical Insti-
tutions. Ambulatory volunteers aged 60 years or older (37)
were recruited from senior centers in Baltimore County, Md.
Volunteers were screened by history, physical examination,
complete blood cell count, and an SMA-12 biochemistry
panel. Persons were excluded from the study if they had
been immunized previously with live attenuated ca influenza
A vaccine, had markedly abnormal results of any of the
screening laboratory tests, had clinically unstable chronic
obstructive pulmonary disease or cardiovascular disease,
had end-stage renal failure, were taking immunosuppressive
or antineoplastic medication, or were allergic to influenza
vaccine, eggs, neomycin, amphotericin B, erythromycin, or
amantadine. Participants in these studies gave written, in-
formed consent. Serum samples collected from volunteers at
the time of screening were tested for hemagglutination
inhibition (HAI) antibodies to influenza A/Kawasaki/86
(HIN1) and A/Bethesda/85 (H3N2) viruses. To study the
effect of preimmunization antibody status on response to
vaccine, subjects were stratified into groups with low (=1:
16) or high (=1:32) titers according to their prevaccination
levels of serum HAI antibody to HIN1 virus. Persons within
each group were then randomly assigned to receive one of
the following in a blinded manner: (i) intranasal live virus
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vaccine and intramuscular saline placebo, (ii) intranasal
saline placebo and intramuscular inactivated virus vaccine,
(iii) intranasal live virus and intramuscular inactivated virus
vaccines, or (iv) intranasal and intramuscular saline placebo.
These preparations were administered between June and
August 1988. Twelve weeks after inoculation, all subjects
were challenged intranasally with inactivated influenza virus
vaccine. At the conclusion of the study, participants were
offered the commercially available inactivated influenza vac-
cine recommended for the 1988 to 1989 season. All subjects
took and recorded their temperature four times daily for 4
days following inoculation. During this period they were
questioned by telephone daily about the development of any
symptoms; reported symptoms were confirmed by a physi-
cian. A volunteer was considered ill if he or she developed
any of the following findings within 4 days after vaccination:
oral temperature of =37.8°C (fever), myalgia alone or with
chills or sweats (systemic illness), rhinitis or pharyngitis on
2 or more consecutive days (upper respiratory illness), a
persistent cough or dyspnea on 2 or more consecutive days
(lower respiratory illness), or local reactions at the injection
site. Inflienza wild-type viruses were not detected in the
community during the course of this study.

Laboratory studies. Serum and nasal wash specimens for
antibody measurements were collected before inoculation
with vaccine or placebo and 4, 12, 13, 14, and 16 weeks
afterward. Methods for collecting and concentrating nasal
wash specimens have been described elsewhere (26). HAI
antibodies in serial serum specimens were measured by
standard techniques (29), using influenza A/Kawasaki
(HIN1), A/Bethesda (H3N2), and B/Ann Arbor viruses as
antigens. A significant response to vaccination was defined
as a fourfold or greater rise in HAI titer between prevacci-
nation and 4- or 12-week postvaccination serum specimens.
An antibody response to challenge was defined as a fourfold
or greater rise in HAI titer between the prechallenge speci-
men collected at 12 weeks and any of the postchallenge
serum specimens collected at 13, 14, or 16 weeks. A kinetic
enzyme-linked immunosorbent assay (KELISA) (34), with
minor modifications, was performed, using A/Kawasaki
(HIN1), A/Bethesda (H3N2), or B/Ann Arbor virus as
antigens, to measure IgG antibodies in serum or IgA anti-
bodies in nasal wash specimens. The sequence of reagents
from the solid phase outward consisted of (i) whole virus (ii)
human serum or nasal wash specimen, (iii) rabbit anti-human
IgG (for serum) or IgA (for nasal wash) conjugated with
alkaline phosphatase, and (iv) p-nitrophenyl phosphate di-
sodium substrate. For each antigen, we used serum and
nasal wash dilutions that were associated with prevaccina-
tion KELISA rates of 10 to 150 milli-optical density units per
min, which were well within the dynamic range of the assay.
The corresponding serum dilutions were 1:4,000 for A/Ka-
wasaki (HIN1), 1:1,000 for A/Bethesda (H3N2), and 1:400
for B/Ann Arbor, whereas nasal wash dilutions were 1:8 for
A/Kawasaki (HIN1) and 1:4 for A/Bethesda (H3N2). After
addition of substrate, the initial rate of color development in
each well of a 96-well plate was monitored with a Vmax
Kinetic microplate reader (Molecular Devices, Palo Alto,
Calif.). The minimum fold rise between KELISA rates that
appropriately defined a significant antibody response was
calculated for each of the test antigens as the mean plus 2
standard deviations of all possible ratios between prevacci-
nation, 4-week postvaccination, and 12-week postvaccina-
tion KELISA rates in placebo recipients. This calculation
should reflect both intrinsic assay variability and biologic but
non-immunization-related variability in individuals over
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time. The serum IgG KELISA rate ratios in placebo recipi-
ents were normally distributed, and 95% upper confidence
limits were readily calculated. When determined in this
manner, significant serum antibody responses were defined
as post-KELISA/pre-KELISA rate ratios that were =1.34
for A/Kawasaki (H1N1), =1.46 for A/Bethesda (H3N2), and
=1.37 for B/Ann Arbor. These ratios were used to compare
serum IgG KELISA rates for each individual, first, between
prevaccination and 4- or 12-week postvaccination specimens
and, second, between the 12-week postvaccination (prechal-
lenge) specimen and the highest of the three postchallenge
specimens.

Because of the wide variability in concentrations between
different nasal wash specimens, the nasal wash IgA KELISA
rates were normalized to a total protein concentration of 350
pg/ml prior to further analysis by using the following for-
mula: KELISA rate_,reciea = KELISA rateg,,pe X [(350
pg/ml)/(protein concentration,,,,.)]. This total protein con-
centration of 350 pg/ml approximated the median among all
specimens tested, as determined by a colorimetric assay
(Pierce, Rockford, Ill.). Unlike the serum IgG data, the
ratios between prevaccination, 4-week postvaccination, and
12-week postvaccination nasal wash IgA KELISA rates in
placebo recipients were not normally distributed and con-
tained multiple outlier values such that useful 95% upper
confidence limits were not obtained. Cutoff ratios for de-
fining significant rises in nasal wash antibodies were there-
fore arbitrarily determined as the minimum values associ-
ated with response rates of <10% among placebo recipients.
This choice of values corresponded to post-KELISA/pre-
KELISA rate ratios that were =1.40 for A/Kawasaki (HIN1)
or =2.00 for A/Bethesda (H3N2). These cutoff ratios were
used to compare nasal wash IgA KELISA rates for each
individual, first, between prevaccination and 4-week post-
vaccination specimens and, second, between the 12-week
postvaccination (prechallenge) specimen and the highest of
the three postchallenge specimens.

Statistical analysis. Differences between various subject
groups were analyzed by using several methods: (i) the
Fisher exact test to compare proportions of antibody re-
sponses, (ii) the two-tailed unpaired Student ¢ test to com-
pare mean prevaccination antibody levels or mean increases
in serum antibody levels, and (iii) the two-sample Wilcoxon
(Mann-Whitney U) test to detect significant shifts in the
distributions of post-KELISA/pre-KELISA rate ratios of
nasal wash IgA antibody. The modified Bonferroni inequal-
ity was applied when appropriate to account for multiple
possible comparisons (20). Differences within vaccine
groups were analyzed two ways. We used the Fisher exact
test to compare proportions of responders with low versus
high prevaccination antibody titers, and the two-tailed
paired Student ¢ test to compare mean antibody levels from
serially collected specimens within a group.

RESULTS

Study population. Volunteers aged 60 to 90 years (71 + 6
years, mean * standard deviation) were inoculated with live
ca virus vaccine alone (n = 24), inactivated virus vaccine
alone (n = 26), both vaccines (n = 26), or placebo (n = 26).
Of the subjects in each group, approximately one-half had a
prevaccination HAI antibody titer of <1:16 to A/Kawasaki
(HIN1), and approximately one-third were immunized with
inactivated influenza vaccine previously. There were no
significant differences among the four vaccine groups in their
mean age, gender, or prevaccination levels of serum HAI,
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serum KELISA IgG, or nasal wash KELISA IgA antibodies
to any of the test antigens, with one exception. There was a
higher mean serum IgG A/Bethesda (H3N2) KELISA rate in
recipients of the vaccine combination than in recipients of
the inactivated vaccine alone (55.8 = 24.3 versus 34.2 =
18.0; P < 0.005) (Table 1).

Safety. The live and inactivated virus vaccines were
well-tolerated. None of the volunteers immunized with live
ca viruses alone reported illness during the 4-day postvac-
cination period. Three inactivated vaccine recipients had a
local reaction at the injection site. Among the subjects who
received both vaccines, three had fever (37.9°C) (two with
rhinitis), and two had local reactions.

Serum antibody responses after the initial vaccination.
Antibody responses after the initial vaccination are summa-
rized in Table 1. Only a few of the live ca virus vaccinees
developed fourfold increases in serum HAI antibody or
significant elevations of KELISA IgG antibody to either
HIN1 or H3N2 virus antigen. In contrast, serum antibody
responses were achieved by substantial numbers of subjects
immunized with inactivated virus vaccine alone or with the
vaccine combination. A greater proportion of recipients of
either inactivated or combined vaccines mounted serum
responses of HAI or KELISA IgG antibody to HIN1 antigen
or of KELISA IgG antibody to H3N2 antigen than did those
who were given live ca viruses along (P < 0.05 in all cases
but one). The exception was the HIN1 KELISA IgG re-
sponse in the live versus inactivated virus vaccine groups.
Serum HALI response rates to H3N2 antigen were relatively
low and did not differ significantly between the vaccine
groups. Figure 1 depicts the time course of serum antibody
responses. As expected, during the 12 weeks after inocula-
tion of the placebo group, mean HAI titers and KELISA
rates remained essentially unchanged from prevaccination
levels. Mean serum antibody levels rose marginally, if at all,
following immunization with the live ca viruses alone, and
none of these changes were significant relative to those
found in the placebo group. In contrast, 4 weeks after
immunization, both the inactivated vaccine alone and the
vaccine combination elicited substantial rises in mean serum
levels of all antibodies, and the magnitudes of these in-
creases were comparable between the two groups in all
cases. Compared with the responses elicited by the live ca
vaccine alone, mean increases in serum levels of both HAI
and KELISA IgG antibodies to HIN1 and H3N2 viruses
were significantly greater after immunization with inacti-
vated vaccine alone (P < 0.05 in all cases) or the vaccine
combination (P < 0.01 in all cases). Twelve weeks after the
initial vaccination, mean serum antibody levels in both
inactivated and combined vaccine recipients had declined
modestly from the peak levels achieved 4 weeks postvac-
cination.

There were no significant differences in the frequencies or
magnitudes of serum HAI and KELISA IgG influenza B
antibody responses in persons immunized with inactivated
vaccine compared with those in recipients of both vaccines
(Table 2). This similarity suggested that the serum antibody
response to the influenza B component of the inactivated
virus preparation is not altered by the simultaneous admin-
istration of ca type A viruses.

Effect of prevaccination serum antibody levels on serore-
sponse to initial vaccination. Among subjects immunized with
live ca viruses alone, HAI seroresponses were infrequent.
Only two of these individuals (with prevaccination HAI
titers of 1:4 and 1:512, respectively) had a fourfold or greater
rise of HAI antibody to A/Kawasaki (H1N1), and no indi-



VoL. 29, 1991 LIVE INFLUENZA VIRUS VACCINATION OF THE ELDERLY 501

Lho.|PEER PECE 2« - viduals had HAI seroconversions to A/Bethesda (H3N2).
~vzyo| B 858 5858 R = Serum H1N1 HAI antibody responses to inactivated virus or
AANRS| S i g 25 = combined vaccines occurred significantly more often among
g8zl & g i) o vaccinees with low prevaccination titers (<1:16) than it did
=rss = = among those with hi revaccination titers (=1:32). In

>E g . ugh prevaccl ! :
Eg§ 9 -2 i those immunized with the inactivated virus vaccine, the
0 P Q g—z - . . . .
R R BERR® 2% ° 5 response occurred in 8 of 14 subjects with low prevaccina-
Sg 8 32 tion titers, whereas it occurred in 1 of 12 subjects with high
get 5 rs, where bjects with hig
586 2 prevaccination titers (P < 0.05). In those immunized with
°o8 | 5588 EEEE 58 2 both vaccines, it occurred in 9 of 11 versus 3 of 15 subjects
g g, g Z434% z2zzz §°§ 3 (P < 0.005). Similarly, a higher proportion of volunteers who
® 5 g £ had A/Bethesda (H3N2) HAI antibody titers of <1:16 before
SeF|ovee Ahus w @ vaccination developed fourfold rises in H3N2 HAI antibod
P y
Szl |lbaow Voo <] nd . . . .
28g|®eI~r oSN 5@ § 8 than did those who had titers of =1:32. In the inactivated
RN AL - 8 E vaccine group, the fourfold or greater rise occurred in 3 of 5
320508 RBEBR| °8 (B 2 g versus 3 of 21 subjects (P = 0.062); in the combined vaccine
da> 8 3 < group, the fourfold or greater rise occurred in 4 of 6 versus
g3 0282 2 § a8 Sle| 58 1 of 20 subjects (P < 0.005). Serum H3N2 IgG KELISA
8 E SBH= AOSW ) S gl 2 23 antibody responses to vaccination were also more frequent
S| e ([E P (253 . <1:16 hi =1:32
BB | mrormro e 2 |3 =8 among volunteers with low (<1:16) versus high (=1:32)
gel|Nor biba ] g E & 5 prevaccination titers of H3N2 HAI antibody: 5 of 5 versus 9
3B & Qoo s § AE 5 o of 21 subjects (P < 0.05) in the inactivated vaccine group and
;_.:.5 ok Nasg(s| (%858 5 of 6 versus 7 of 20 subjects (P = 0.052) in the combined
N =, .
aEolwwnn wuwwls| ® |o|&| B9 vaccine group.
S| rprN PO | T 8 §R Nasal wash and overall antibody responses following the
gRE | o obxbv 5@ initial vaccination. Four weeks after immunization, the pro-
2.8 =] ; I p
= 3 < ;’ 2 portions of subjects who mounted HIN1 or H3N2 nasal
ol o=l TN £ w P 55 wash IgA responses were not significantly different among
RS [P0 QUos S g g0 .S ? . .
sye = ée the live, inactivated, and combined vaccine groups (Table 1).
i 28 ® iy The same result was apparent when a nonparametric (two-
@ T S o .
58 NWAUN WNWW - Za sample Wilcoxon) test was used to compare these groups on
o moblh L 8% 5 E the basis of their 4-week postvaccination with their prevac-
g N T T T g.?‘: 33 cination nasal wash IgA KELISA rate ratios (data not
o N =N W Pt et pd =¥
= £00% LWWoe S8 ﬁ 25 shown).
es! woow Lbuo ’ e 90 ith 1§ : H i :
Z [ 20 Compared with live virus vaccinees, a higher proportion
g QU B DWW ARAE ,8- of recipients of the vaccine combination mounted any anti-
GRS HARY >l2| s p y
% ool ®oub|, g % g g bpdy res%)onsc.s to I(-illNl gP <10.01) 1and 1H3N§ §1Pg11= 0.053)
a HHER BHBER|E| 5 [ 58 viruses. Inactivated vaccine alone also elicited higher rates
g BRRY =esxlT| 2 8lE £3 of overall antibody response than did live ca viruses, but
£ bk Lokro g |8 LR = these differences were not statistically significant.
5 & | s 2 ly sign:
5 BB LW g | o ) = ¢ Serum and nasal wash antibody responses following intra-
3 BnnE mime|x| 2 [2|s| 25 nasal inactivated virus challenge. It is most likely that all the
g HHEHKE HHRH|S| P 2| %2 elderly subjects, even those with low levels of serum HAI
Y £ < E . Y ] f . ep s
5 NRNRR snes|T g &g angbﬁg{fzwqre prewogsly mfe;ted ‘with 1n111uepza:itl A HlNcll
° ool Livivi 5 2 an viruses, and were thus immunologically prime
= - for secondary responses to related strains. To distinguish
=3 a o = Ty PO . . 8
g wh = s 4 R = § between anamnestic responses induced by previous infec-
g RAXPN KN gE g8 tion and those induced by vaccination, we compared the
S % 2’ s postchallenge antibody responses of placebo recipients (who
o 89 served as immunologic controls) with those of vaccinees
@ @ gL . . .
S SEER guww § 58 |glzles Whereas fourfold or greater rises of serum HAI antibod
=4 ®oxr Noux| g8z [2]|8|5s Ol g antibody
] oo Loru| 8%3F (5|88 g were rarely elicited by the 12-week challenge, significant
g *| g =1 increases of serum HIN1 and H3N2 IgG antibody were
et ~ 8 S . g A y
g NRRES 2883« AR 5 detected by the more sensitive KELISA in approximately 20
£ HOxl owRba|F| ? E Bl & to 30% of placebo recipients (Table 3). Similarly, the placebo
g — -8 g8|> 5 2 group was found to have little, if any, change in mean serum
= RRGBR IAAR| | E|E|> HAI antibody titers but a statistically significant peak rise in
= BENR mANE R & % mean KELISA rates for both HIN1 (P < 0.05, paired
2 8 < Student ¢ test) and H3N2 (P < 0.05, paired Student # test)
NERe 29N 3 f §- § serum ng antibody (Fig. 1). In thp groups .imn}unized with
== 2E &| = live ca viruses alone or the vaccine combination, the fre-
s ’é quency anq magnitude qf serum antibody responses to the
582Q Z intranasal inactivated virus challenge were generally less
AN Resn % 2238 \E than, al}hough not statistically different from, thqsg: _ob-
. 3 §: B 3 served in the placebo group. Persons who were initially
<2 e immunized with inactivated virus vaccine alone, however,




502 POWERS ET AL. J. CLIN. MICROBIOL.
N 7 (a) HIN1 8 .- (c) H3N2
E e
-]
> 3
b~
£§ ¢ 7
=
< _
38 5
o 6 -
TE ™
59
5
A= 4 4 T T T | 5 T r Y —
0 4 8 12 16 0 4 8 12 16
2
s 50 4 (b) H1N1 80, (d) H3N2
3 70
-d o~
w e
X E 40 60
g’ g 50
E g 30 o
3 40
[

8 20 T T L] L] 1 301 L] v L] L) L
= 0 4 8 12 16 0 4 8 12 16
1 T ) 1
Vaccination Challenge Vaccination Challenge

Weeks after Vaccination

FIG. 1. Time course of serum HAI and KELISA IgG antibody responses to A/Kawasaki (HIN1) (a and b) and A/Bethesda (H3N2) (c and
d) in elderly subjects inoculated at 0 weeks with placebo (O), intranasal live attenuated ca influenza virus vaccine alone (A), parenteral
inactivated influenza virus vaccine alone (H), or both vaccines (A) and challenged intranasally 12 weeks later with the inactivated virus
vaccine. The live attenuated vaccine contained ca A/Kawasaki (HIN1) and ca A/Bethesda (H3N2) reassortant viruses; the inactivated virus
vaccine contained A/Taiwan (H1IN1), A/Bethesda (H3N2), and B/Ann Arbor components. Standard errors of the means were similar among
the four vaccine groups and ranged from 0.25 to 0.46 (reciprocal log,) for HAI antibody and from 2.6 to 6.6 (milli-optical density units per min)

(m O.D./min) for KELISA IgG antibody.

failed to mount any appreciable serum antibody responses to
the subsequent challenge. Compared with placebo recipi-
ents, inactivated virus vaccinees had a significantly lower
KELISA H3N2 IgG seroresponse rate (P < 0.05), as well as
a significantly lower change in mean KELISA HIN1 IgG
levels (P < 0.01, unpaired Student 7 test), after the intranasal
inactivated virus challenge.

Modest nasal wash IgA responses were observed after
challenge in all four volunteer groups (Table 3). There were

no significant differences in the postchallenge rates of local
antibody production between those people who did and
those who did not mount antibody responses in serum, nasal
washes, or both after their initial'immunization (data not
shown). Moreover, neither of the previously cited methods
of analysis of nasal wash data (viz., comparison of response
rates by the Fisher exact test or comparison of post-
KELISA/pre-KELISA rate ratios by the two-sample
Wilcoxon test) could identify a significant difference in

TABLE 2. Lack of effect in elderly volunteers of simultaneous immunization with bivalent live attenuated ca influenza A (HIN1 and
H3N2) virus vaccine on serum antibody responses to the B/Ann Arbor component of trivalent inactivated influenza virus vaccine

Serum HAI antibody response

Serum IgG KELISA antibody response

Vaccine(s) Nq. of HAI titer (reciprocal mean Mean KELISA rate
administered s:lgte:dts log, = SEM) No. (%) wit}: 2fou.rfold rise (mOD“/min + SEM) No. (?b) with signiﬁcall,lt rise
Before 4 wk after in antibody titer Before 4 wk after in KELISA rate
vaccination  vaccination vaccination vaccination
Inactivated® 24 431 03 5.19+04 5(19) 84.4 = 9.8 108.6 = 8.8 11 (42)
Both 26 519+03 565=03 4 (15) 107.0 £ 11.0 1242+ 114 10 (38)

4 mOD, Milli-optical density units.

b A significant rise was calculated as a =1.37-fold increase in KELISA rates between prevaccination and 4- or 12-week postvaccination serum specimens.
< Trivalent inactivated subvirion vaccine containing influenza A/Taiwan (H1N1), A/Leningrad (H3N2), and B/Ann Arbor components.
4 Inactivated virus vaccine plus bivalent live attenuated influenza virus vaccine containing ca A/Kawasaki (HIN1) and ca A/Bethesda (H3N2) reassortant

viruses.
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TABLE 3. Serum and nasal wash antibody responses following intranasal inactivated virus challenge“ in elderly persons immunized 12
weeks earlier with influenza virus vaccine(s) or placebo

% with specified antibody response to*:

Vaccine No. of su!z_,iects A/Kawasaki (HIN1) A/Bethesda (H3N2)
tested
group este Serum Nasal wash Serum Nasal wash
HAI KELISA IgG KELISA IgA HAI KELISA IgG KELISA IgA
Placebo 25 4 20 36 4 324 16
Live 22 5 18 32 0 18 18
Inactivated 24 0 4 29 0 (i 33
Both 26 4 8 31 0 8 23

“ A 0.5-ml dose of trivalent inactivated subvirion vaccine containing A/Taiwan/86 (HIN1), A/Leningrad/86 (H3N2), and B/Ann Arbor/86 components was

administered intranasally.

® Postchallenge specimens from five vaccinees were unavailable for testing.

< Definitions of response for antibodies measured by HAI and KELISA are given in the text.
4 P < 0.05 (Fisher exact test with application of the modified Bonferroni inequality [20]).

responses between the recipients of any vaccine regimen and
recipients of placebo.

DISCUSSION

The present study with a bivalent ca reassortant influenza
A virus vaccine confirms our previous finding with a mono-
valent preparation that live attenuated viruses, although
well-tolerated, are poorly immunogenic in a population of
healthy elderly individuals. Prior influenza infections in
elderly persons may result in an inverse correlation between
serum antibody levels before vaccination and seroconver-
sion rates after vaccination (19, 25, 31). To control for
preexisting antibody, we stratified our subjects on the basis
of screening titers of HAI antibody to the HIN1 vaccine
component prior to randomization into vaccine groups. The
low to moderate frequencies of HAI antibody response
among our elderly subjects were similar to those reported
previously for noninstitutionalized older persons after vac-
cination with inactivated or live influenza virus vaccines (1,
2, 7, 8, 16, 24, 25). The present results also corroborate
earlier observations by us and others (16, 32) that older
adults mount greater seroresponses to inactivated influenza
virus vaccines than they do to live attenuated viruses. In this
study, the KELISA was more sensitive than HAI in detect-
ing antibody responses in serum. Better detection was
expected since the minimum fold rise in antibody levels that
defined a significant response was smaller for KELISA than
it was for the HAI antibody. Since KELISA with whole
virus antigen presumably detects antibodies to external
glycoproteins as well as to other more conserved viral
proteins, this assay may not be expected to discriminate well
between heterologous responses. It was therefore notewor-
thy that the patterns of antibody production detected by HAI
and KELISA were quite similar in the present study. Sero-
responses to both HIN1 and H3N2 viruses were meager in
recipients of live ca viruses alone. In contrast, recipients of
inactivated vaccine alone or the vaccine combination dem-
onstrated significant serum antibody responses relative to
those in the live virus group, but neither regimen was
superior to the other.

In a previous study with healthy elderly subjects (32), we
reported that the frequency of a fourfold or greater rise in
HA-specific nasal wash IgA was not different between
recipients of monovalent ca A/Kawasaki (HI1N1) or inacti-
vated A/Taiwan (HIN1). Because of unexplained rises of
nasal wash IgA KELISA rates in three placebo recipients in

the present study, satisfactory cutoff rate ratios for defining
a significant response could not be derived in the same
manner as they were for serum antibodies. We therefore
used two alternative methods to analyze the nasal wash data
and found that both approaches yielded similar results (viz.,
comparable responses between live and inactivated vaccine
groups). Despite the technical difficulties encountered,
KELISA appears to be much more sensitive than the tradi-
tional HAI or endpoint titration ELISA for detecting anti-
body responses. The present data confirm our previous
findings, and they extend our observations to a live attenu-
ated bivalent vaccine containing a ca influenza A H3N2 virus
component. Among older adults with chronic diseases,
Gorse and colleagues (17) compared local hemagglutinin-
specific IgA antibody response rates following immunization
with ca A/California (HIN1) or ca A/Washington (H3N2)
virus to those elicited 1 year later in the same persons by
inactivated virus vaccine. They found no significant differ-
ence between the live and inactivated virus vaccines in the
H1 response, but they did observe a more frequent H3
response in the live ca virus recipients (17). The results
presented here (i.e., the relative abilities of live attenuated
and inactivated virus vaccines to stimulate a local antibody
response in older adults) may differ from those of Gorse et
al. (17) because of inherent differences in immunogenicity
between ca viruses derived from different wild-type parent
strains. Likewise, the different ages or background immunity
to influenza of study populations could account for the
contrasting results. Geometric mean titers of prevaccination
serum HAI antibody to both HIN1 and H3N2 vaccine
viruses were approximately two to three times higher among
our healthy elderly subjects compared with those among the
older adults in the other study (17). It has been shown
previously (12, 13) that the susceptibility of seropositive
young adults to infection with ca influenza A virus is
inversely correlated to prevaccination levels of serum or
nasal wash antibody. In our studies, healthy elderly volun-
teers with any level of preexisting serum HAI antibody were
relatively resistant to infection by live attenuated influenza
viruses at the doses used, presumably because of acquired
immunity resulting from previous infections. It is possible
that immunologic interference between simultaneously ad-
ministered ca viruses in a bivalent vaccine may have atten-
uated the responses to live virus vaccination in this study.
Likewise, differences between vaccine groups in terms of
their mean prevaccination levels of serum and local antibod-
ies, although not statistically significant, may have partially
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accounted for the lower response rates among volunteers
given live vaccine alone. Despite these considerations, the
available data indicate that intranasal immunization with live
ca influenza A viruses elicits local IgA antibody less often in
older adults than it does in seronegative young adults and
children as reported in previous studies (6, 9, 11, 23, 27, 33,
39).

We previously reported that nasal wash IgA antibody
responses in elderly volunteers are more frequent and of
greater magnitude after the simultaneous administration of
live attenuated and inactivated influenza virus vaccines than
they are after administration of inactivated vaccine alone
(32). These findings may have been due to differences
between prevaccination titers of local antibody in the two
vaccine groups. By contrast, in the present study prevacci-
nation nasal wash IgA antibody levels were comparable
between groups, and no significant differences were found
between HIN1 or H3N2 local IgA antibody responses elic-
ited by the live, inactivated, or combined vaccine regimens.
Overall, the data from this and earlier investigations support
the contention that live attenuated ca influenza A viruses
enhance the immunogenicity of inactivated virus vaccines
only marginally, if at all, when the two are administered in
combination.

Our earlier investigation suggested that vaccine-induced
secretory antibody responses are short-lived in the elderly.
To determine whether vaccination of this age group estab-
lishes memory in the local compartment of the humoral
immune system such that anamnestic responses are elicited
upon exposure to influenza virus, we conducted a challenge
study similar to a previous one conducted in children (38).
Wright and colleagues (38) found that naturally infected
children and ca virus vaccinees, but not inactivated vaccine
recipients, mounted an anamnestic nasal wash IgA antibody
response as long as 1 year after primary immunization. This
antibody response demonstrated the ability of live virus
infection to induce local memory in previously immunolog-
ically naive children. We challenged our elderly vaccinees
by administering inactivated vaccine intranasally 12 weeks
after vaccination and used a KELISA to measure nasal wash
IgA antibodies. Local antibody responses were comparable
among the live, inactivated, and combined vaccine groups,
and within each group they did not differ in frequency
between responders and nonresponders to the initial vacci-
nation. Antibody rises induced by the challenge were no
greater in frequency or magnitude than those observed
among subjects initially inoculated with placebo. These
results suggest that virus-specific secretory anamnestic re-
sponses in older adults are not measurably boosted above
the preexisting immunologic background by any of the
vaccine regimens. The failure of live attenuated virus to
elicit a heightened state of immunologic recall to related
influenza antigens in persons either with or without a re-
sponse to the initial vaccine indicates that such priming did
not occur. An unexpected finding of this study was the
inability of persons initially immunized with inactivated
vaccine alone to mount any appreciable serum antibody
response following intranasal challenge. This phenomenon
cannot be explained on the basis of high serum antibody
levels at the time of the challenge: combined vaccine recip-
ients had slightly higher mean antibody levels than inacti-
vated vaccine recipients did, yet combined vaccine recipi-
ents mounted an anamnestic response. Other investigators
have also reported that, even after controlling for base-line
antibody levels, seroresponses to influenza vaccines are
diminished in persons with a history of prior immunization
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(7, 31). The mechanism that accounts for this observation is
unclear.

The present results, considered together with those of our
earlier investigation, fail to demonstrate any major advan-
tage of live attenuated ca influenza A viruses as an alterna-
tive to commercially available inactivated virus vaccines in
healthy elderly subjects. It remains possible that those
elderly persons who are infected with live ca virus represent
a subset that is at increased risk of serious illness following
wild-type virus infection. If so, live attenuated virus vac-
cines may be efficacious in a population of elderly subjects.
A recent report suggested that ca virus vaccines may be
efficacious in seropositive adults, although it should be noted
that vaccine-induced protection was associated with a sig-
nificant local antibody response in the majority of subjects
(36). The results presented here also suggest that live virus
vaccine does not adversely affect the immunogenicity of
inactivated virus vaccine when both are administered in
combination. Future studies need to explore the potential
benefit of using live attenuated viruses as a coimmunogen
with inactivated virus vaccine, particularly during influenza
epidemics when there is a major antigenic difference be-
tween the vaccine component and the circulating wild-type
strain. Based on the immunogenicity data from our studies,
ca influenza viruses do not appear to be a suitable alternative
to inactivated virus vaccines for immunization of people in
this age group. Greater attention should be directed to the
development of better adjuvants or immunomodulators to
improve the immunogenicity and efficacy of live and inacti-
vated influenza virus vaccines for populations of elderly
subjects.
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