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Abstract

The immune response and serum nutritional status of 153 elderly residents of nursing homes (mean age 84.4 years) and 95 health care
workers (mean age 36.8 years) were assessed before and after immunization with trivalent split-virus influenza vaccine. Postvaccination
titers of hemagglutination inhibition (HAI) antibody to A/HIN1 and B among the elderly were lower than those among workers, but the
seroconversion rates (greater than or equal to a four-fold rise) for A/HINT and A/H3NZ2 were unexpectedly higher among the elderly than
among workers. However, the difference in the seroconversion rate for either strain between workers and the elderly disappeared after adjusting
for the prevaccination HAI titer. Among all subjects, lower age and higher senim concentrations of total protein, albumin, Vitamin E and folate
were associated with an intact immune response (postvaccination HAI titers >40 for at least one strain). In an age-adjusted analysis limited
to the elderly, however, only Vitamin E showed a significant association with the immune response. These results suggested that Vitamin E

may play an important role in maintaining the immune response, especially among the elderly.

© 2004 Elsevier Ltd. All rights reserved.

Keywords: Influenza vaccine; Antibody; Nutrition

1. Introduction

Vaccination is the primary method for preventing in-
fluenza and its severe complications. When the vaccine and
circulating viruses are antigenically similar, they prevent in-
fluenza in approximately 70%-90% of healthy adults aged
<65 years {1]. On the other hand, their effectiveness in pre-
venting influenza often ranges from only 30%—40% among
the elderly residing in nursing homes [1]. Such a diminished
immune response after vaccination among the elderly [2-4}
might have an influence on its lower effectiveness in pre-
venting influenza. However, the mechanism underlying the
association between aging and the response to influenza vac-
cines has not been well-established [2-5].

* Corresponding author. Tel.: +81 952 34 2289, fax: +81 952 34 2065.
E-mail address: harameg @post.saga-med.ac.jp (M. Hara).

0264-410X/$ ~ see front matter © 2004 Elsevier Ltd. All rights reserved.
doi: 10.10164).vaccine.2004.09.022

The immune function may depend on various factors such
as nutritional and hormonal status, and changes in those fac-
tors among the elderly could be responsible for their dimin-
ished immune response. Concentrations of total protein and
albumin in serum, which indicate individual physical or nu-
tritional status, are considered to have an influence on the
immune response [6,7}. Micronutrients, such as Vitamin A,
Vitamin E and folate have been shown to have positive effects
on the immune function both in human and animal models
[8-14]. Although several epidemiological studies have ex-
amined the effects of such micronutrients on the immune
response to influenza vaccine, their results have been incon-
sistent [11,15-20]. One reason for the inconsistency might
be related to the method adopted for the evalvation of the im-
mune response. Some studies assessed the immune response
by seroprotection (postvaccination hemagglutination inhibi-
tion (HAI) antibody titer greater than or equal to 40) {17,19],
while others did so by seroconverston (four-fold or greater
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rise in antibody titer) [20}, or some other way [11,15,16,18].
In addition, previous vaccinations and prevaccination anti-
body levels should be considered in evaluating the antibody
induction by vaccine. Hirota et al. reported that the prevacci-
nation titer was negatively associated with antibody induction
[21].

The purpose of this study is to clarify the differences in nu-
tritional status and immune response between healthy young
adults and elderly nursing home residents, and to evaluate the
effect of nutritional status on immune response. We examined
the associations of serum total protein, albumin, Vitamin A,
Vitamin E and folate with the immune response to influenza
vaccine using HAI antibody titer, with careful consideration
given to the influence of the prevaccination titer.

2. Materials and methods
2.1. Subjects

The study was conducted at two nursing homes and one
group home in Saga Prefecture located in southwestern Japan
during the 2002/2003 influenza season. Out of 292 elderly
persons in two nursing homes and one group home and 119
health care workers employed at one of those nursing homes,
201 elderly persons and 107 health care workers gave written
informed consent. All of them were without any history of al-
lergy to eggs, past or current neurologic conditions, or either
respiratory illness or fever at the time of vaccination with
a commercial trivalent split-virus vaccine (Lot HA025B in
2002, The Research Foundation for Microbial of Osaka Uni-
versity, Osaka). The vaccine contained the following anti-
gens: 30 pg/ml each of A/New Caledonia/20/99 (HINI1),
A/Panama/2007/99 (H3N2), and B/Shandong/7/97. Subjects
were vaccinated subcutaneously in October and November
2002.

Among the vaccinees, 153 elderly persons (36 men and
117 women; age range: 66-104 years) and 95 health care
workers (27 men and 68 women; age range: 21-61 years)
provided blood samples before and after vaccination, and
were included among the present study subjects, Blood sam-
ples were drawn just prior to and 4-6 weeks after vaccination.
All serum specimens were kept at —20 °C until assayed. The
study protocol was approved by the institutional review board
of the Saga University Faculty of Medicine.

2.2. Laboratory examination

The serum antibody titer to each strain of influenza virus
was measured by the HAT method [22], using the same anti-
gens as those in the vaccine. These antigens were prepared
from virus strains supplied by the National Institute of Infec-
tious Diseases, Japan.

Using an autoanalyzer (Technicon Instrument Company,
Tarrytown, New York), serum total protein was determined
by means of the biuret reaction [20], and serrm albumin by

bromcresol green {23). Serum Vitamin A was measured by
HPLC [24], serum Vitamin E by the fluorometric method
[25], and serum folate by the ADVIA Centaur System [20].
All of the above assays were performed at an outside labora-
tory (SRL, Tokyo, Japan).

2.3. Statistical analysis

Throughout this paper, geometric means were employed
for the HAI antibody titer because of its right-skewed
distribution. Statistical analysis was performed using the
Mann-Whitney U-test, paired Wilcoxon test, Chi-square test,
analysis of covariance, and logistic regression using SAS
f26].

3. Results

The proportion of female participants was not different
between health care workers (71.6%) and elderly persons
(76.5%). The mean age (and S.D.) was 36.8 years (10.2)
for health care workers compared with 84.4 years (6.8) for
the elderly (P <0.01). The average levels of serum protein,
albumin, Vitamin A, Vitamin E and folate before vaccination
were significantly higher among health care workers than
among the elderly (Table 1).

The distributions of pre- and postvaccination HAI titers
to A/HIN1, A/H3N2 and B among health care workers and
the elderly are shown in Fig. 1. The HAI titer to each strain
rose after vaccination in both subject groups. Although be-
fore vaccination the distribution of HAI titer to A/HIN1T was
notably more right-skewed among the elderly than among the
health care workers, after vaccination it was almost the same
between both groups. The distributions of pre- and postvac-
cination HAI titers to A/H3N2 were wide ranging but similar
among health care workers and the elderly. The prevaccina-
tion titer to B revealed a remarkably right-skewed distribu-
tion, as compared to the corresponding distributions for the
other strains. The vaccination induced only a smal! rise in the
HATI titers to B.

Table 1
Mean (5.D.) of age and serum total protein, albumin, and micronutrients in
health care workers and the elderly in nursing homes before vaccination

Variable Health care Elderly persons

workers (n=95) (n=153)

Mean S.D. Mean S.D.
Age (years) 36.8 10.2 84.4% 6.8
Total protein (g/dl) 7.6 0.4 7.2% 0.6
Albumin (g/dl) 4.6 03 3.9 0.4
Vitamin A (IU/d]) 148.0 414 136.8% 458
Vitamin E (mg/dl) 2.0 1.4 1.2 1.1
Folate (ng/ml) 6.5 25 5.5 2.6

2 Significantly different between health care workers and elderly persons
(P <0.01 by Mann-Whitney U-test).

b Significantly different between health care workers and eldetly persons
{P<0.0]1 by Mann—Whimey U-test).
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Fig. 1. The distribution of pre- and postvaccination HAI titers to A/New Caledonia (HIN1), A/Panama {(H3N2) and B/Shandong among health care workers

and elderly persons.

The results of anttbody response to the inactivated in-
fluenza virus vaccine are surnmarized in Table 2. The geomet-
ric means of the HAT titer and the proportions of those with a
titer >40 to each strain {seroprotection rate) increased signif-
icantly (P <0.01) after vaccination in both health care work-
ers and the elderly. The geometric mean titers to A/HIN1
were significantly lower among the elderly than among health
care workers (P <0.01) both before and after vaccination,
while those to A/H3N2 and B strains were comparable be-
tween two groups. The seroprotection rates after vaccina-
tion among health care workers were 86.3% for A/HINI1,
76.8% for A/H3N2 and 38.9% for B, while those of the
elderly were 66.0%, 80.4% and 27.5%, respectively. The
seroprotection rates for A/HIN1 and B were significantly
lower among the elderly than among health care workers
(P <0.01). The seroconversion rate (>four-fold rise in the
HATI titer) among the workers ranged from 10.5% to 15.8%,
while that among the elderly ranged from 14.4% to 33.3%.
The seroconversion rates for A/HINT and A/H3N2 were sig-

nificantly higher among the elderly than among health care
workers.

The effect of the prevaccination titer on the HAT antibody
response to influenza virus vaccine is shown in Table 3. The
proportion of those with seroprotection levels to each strain
after vaccination did not differ between health care workers
and the elderly regardless of the prevaccination titer. The sero-
conversion rate was higher among those with prevaccination
titers <40 than those with prevaccination titers >40 in both
the workers and the elderly. The seroconversion rate among
those who showed less than a 40 prevaccination HAI titer did
not differ between the two groups. All subjects with a four-
fold rise in HAI titers to each strain showed postvaccination
HAT titers >40. Based on the above findings, we defined an
‘intact’ antibody response to the vaccine as one having post-
vaccination HAI titers >40 for at least one strain, taking into
account both the seroprotection and seroconversion rates.

The effect of prevaccination nutritional status and age on
the HAI antibody response ‘intact’ versus diminished) to the



1450 M. Hara et al. / Vaccire 23 (2005) 1457-1463

Table 2
HALI antibody response to the inactivated influenza virus vaccine

Vaccine strain HAI titer, geometric mean (S.D.)

HAI titer > 40, n {%) zFour-fold rise, n (%)

Pre Vac Post Vac Pre Vac Post Vac
Health care workers (n =95}
AfNew Caledonia (HIN1) 57729 874290 60 (63.2) 82 (86.3F 15(15.8)
A/Panama (H3N2) 42.8(29) 64.4(2.8) 51(53.7) 73 (76.8F 15(15.8)
B/Shandong 189 (2.1) 26522 20(21.1) 37 (38.9)F 10(10.5)
Elderly persons (n=153)
A/New Caledonia (HIN1) 26.5(2.6)° 553 (3.1 44 (28.8) 101 (66.0)¢ 51(33.3¢
A/Panama (H3N2) 45.6(3.0) 844 (3.3 85 (55.6) 123 (80.4)° 41 (26.8)°
B/Shandong 17.3(2.0) 25.1 (2.3 16 (10.5 42 (27.5)>d 22(14.4)

Pre Vac: prevaccination; Post Vac: postvaccination.

# Significantly different berween pre- and postvaccination titers {(P<0.01 by paired Wilcoxon test).

b Significantly different between health care workers and elderly persons (P<0.01 by Mann—Whitney U-test).
¢ Significantly different between pre- and postvaccination titers (P <0.01 by Chi-square test).

9 Significantly different between health care workers and elderly persons (P <0.01 by Chi-square test).

¢ Significantly different between health care workers and elderly persons (P <0.05 by Chi-square test).

inactivated influenza virus vaccine is shown in Table 4. The
proportion of intact responses was significantly lower in the
elderly (90.8%) than in health care workers (97.9%) (P < 0.05
by Fisher’s exact test). Regarding all subjects, those with in-
tact responses were significantly lower in age (P <0.01), and
higher in serum concentrations of total protein (P <0.05), al-
bumin (P < 0.05), Vitamin E (P < 0.05), and folate (P <0.01),
although these differences disappeared after adjusting for
age, sex and subject category (workers or the elderly). When
the analysis was limited to the elderly, however, only Vi-
tamin E was significantly associated with the antibody re-
sponse, even when adjusting for age and sex (P <0.01). In
addition, when the elderly were divided into four subgroups
(quartile classification) according to the serum concentra-
tion of Vitamin E, 16.4% of those in the first quartile (Vi-
tamin E <0.83mg/dl} and 11.6% of those in the second
quartile (0.83 < Vitamin E<1.04) showed diminished re-
sponses, whereas all in the third (1.04 < Vitamin E < 1.48)
and fourth (Vitamin E > 1.48) quartiles showed intact
responses.

Table 3

The odds ratio {(OR) and its 95% confidence interval
(95% CI) for HAI antibody response was then calculated
(Table 5). Among all subjects, OR by subject category in-
creased, whereas OR by age did not. Significantly increased
ORs were indicated for total protein, albumin and folate
as a crude value, although their statistical significance dis-
appeared after adjusting for subject category, sex and age.
Among the elderly alone, significantly increased ORs were
observed only for Vitamin E as both crude and adjusted val-
ues.

4. Discussion

The present study was undertaken to address ongoing con-
troversies as to whether the immune response to influenza
vaccine among the elderly was a lower than that among young
adults, and whether a lower response among the elderly, if
any, was associated with aging itself or with any correlates
to age, such as individual physical or nutritional status. The

Effect of prevaccination titer on the HAI antibody response to inactivated influenza virus vaccine

Vaccine strain Pre Vac, HA! titer < 40

Pre Vac, HAI titer > 40

Post Vac Post Vac
HAI titer > 40 >Four-fold rise HAI titer > 40 >Four-fold rise
n % n % n % n %
Health care workers (n=95)
A/New Caledonia (HIN1) 22135 629 12/35 343 60/60 100.0 3/60 5.0°
A/Panama (H3N2) 22/44 50.0 15/44 341 51151 100.0 0/51 0.0
B/Shandong 17175 227 1075 133 20120 100.0 0r20 0.0
Elderly persons (n=153)
A/New Caledonia (HIN1) 571109 523 44/109 404 44144 100.0 7144 15.92
A/Panama (H3N2) 39/68 574 26/68 382 84/85 98.8° 15/85 17.77
B/Shandong 29/137 212 22137 16.1 13/16 81.32 0/16 0.0

Pre Vac: prevaccination; Post Vac: postvaccination.

* Significantly different according to the prevaccination HAI titer (<4 or >40) (P<0.01 by Chi-square test).
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Table 4
Effect of prevaccination nutritional status and age on the intact HAT antibody response to the inactivated influenza virus vaccine
Intact response? Diminished response
Mean SD. Adjusted mean® S.D. Mean S.D. Adjusted mean® S.D.
n=232 n=16
Health care workers and elderly persons
Age (years) 65.27 24.79 66.11 8.07 80.31° 15.73 68.22 8.20
Total protein (g/dl) 7.39 0.55 7.38 0.46 7.06° 0.55 7.19 0.52
Albumin (g/dl) 4.18 0.49 4.17 0.30 3.87¢ 0.38 4.07 0.32
Vitamin A (1U/dD) 141.14 43.75 141.14 44,93 145.00 56.47 146,32 50.88
Vitamin E (mg/dl) 1.52 1.28 1.51 1.22 1.10¢ 1.43 1.28 1.24
Folate {ng/ml) 5.99 2.61 598 2.59 4.00¢ 1.50 433 3.44
n=139 n=14
Elderly persons
Age (years) 84.24 6.78 84,24 6.84 85.43 7.00 85.45 6.81
Total protein (g/dl) 7.22 0.58 7.22 0.59 7.04 0.57 7.06 0.56
Albumin (g/dl} 3.90 0.38 3.90 0.35 3.80 0.35 3.82 0.37
Vitamin A (IU/dY) 136.40 44.74 136.54 4728 141.60 60.93 139.79 53.81
Vitamin E (mg/dl) 1.26 1.17 1.26 1.06 0.59¢ 0.40 0.59¢ 1.12
Folate (ng/ml} 5.59 2.66 5.60 271 4.00 1.50 3.87 3.18

3 An intact response was defined as having postvaccination HAI titers >40 for at least one strain,

b Adjusted for sex and subjects category for age, and adjusted for age, sex and subjects category for nutrients.

¢ Significantly different according to the HAI antibody response (intact or diminished) (P < 0.01 by Mann-Whitney U-test).
d Significantly different according to the HAI antibody response (intact or diminished) (P <0.05 by Mann-Whitney [/-test).
¢ Significantly different according to the HAT antibody response (intact or diminished) (P < 0.05 by analysis of covariance).

Table 5

Odds ratio (OR} and its 95% confidence intervals (95% CI) for intact HAI antibody response? to the inactivated influenza virus vaccine according to subject

category, sex, age and nutritional status

Crude OR 95% CI Adjusted OR? 95% CI

Health care workers and elderly persons (r=248)

Subjects category (workers vs. eldeily) 4.68 1.04-21.09 - -

Sex (women vs, men) 0.98 0.30-3.15 - -

Age (years) 0.97 0.94-1.00 - -

Total protein (g/dl) 2.66 1.14-6.19 1.85 0.73-4.67

Albumin (g/dl) 3.80 1.30-11.15 2.06 0.48-8.83

Vitamin A {IU/dI) 1.00 0.99-1.01 1.00 0.99-1.01

Vitamin E (mg/dl) 1.48 0.80-2.72 1.25 0.70-2.21

Folate (ng/ml} 1.63 1.06-2.51 1.42 0.96-2.11
Elderly persons (n=153)

Sex (women vs. men) 1.34 0.39—4.55 - -

Age (years) 0.98 0.90-1.06 - -

Total protein (g/dl) 1.70 0.67-4.31 1.60 0.62—4.13

Albumin (g/dl) 1.98 0.46-8.44 1.74 0.38-792

Vitamin A (IU/dl) 1.00 0.98-1.01 1.00 0.99-1.01

Vitamin E (mg/dl) 547 1.51-19.87 573 1.55-21.23

Folate (ng/ml) 142 0.95-2.13 1.42 0.96-2.11

2 An intact response was defined as having postvaccination HAI titers >40 for at least one strain.
® Adjusted for sex and subject category and for age among total subjects, and adjusted for age and sex among elderly persons.

prevaccination HAI titer must be taken into account for any
evaluation of antibody response, and a precise definition of
intact antibody response is important for discussing the effect
of age and nutritional status on the immune response. In this
study, the seroconversion rate for each strain did not differ
between the elderly and workers after adjusting for the pre-
vaccination titer, In all subjects, higher age as well as lower
serum concentrations of total protein, albumin, Vitamin E and

folate were associated with a diminished immune response,
although they were confounded by the factor of subject cat-
egory (workers or the elderly). Among the elderly, however,
only Vitamin E showed such an association.

Several studies have compared antibody responses be-
tween the young and the elderly, indicating that the geometric
mean HAT antibody titer and the seroprotection rate before or
after vaccination were lower among the elderly [3,4]. Similar
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results were observed for HAI titers to A/HiIN1 and B in this
study, and the pre- and postvaccination seroprotection rates
were lower in the elderly than in workers. On the other hand,
the seroconversion rates for A/HIN1 and AfH3N2 among
the elderly were higher than those among workers. This find-
ing differed from the results in previous reports showing that
the fold-titer rise among the elderly was significantly smaller
than that among the young {3]. Since almost all participants
in this study were vaccinated in the previous year, higher lev-
els of prevaccination HAI titer were expected. In faet, the
distributions of HAI titer to type A strains in both the elderly
and workers were right-skewed to a lesser extent than those
in previous reports [21]. Among workers, the proportions of
subjects with prevaccination seroprotection levels to A/HIN1
and A/H3N2 were 63% and 54%, respectively, while those
among the elderly were 29% and 56%. The level of prevac-
cination antibody titer is considered to have an influence on
seroconversion. Hirota et al. [21] showed a clear inverse as-
sociation of the prevaccination titer with both the fold-titer
rise and the response rate in the serum HAI antibody, which
was an effect known as the “law of initial values” [27] or
“pegative feed back” [28]. In this study, a subgroup analysis
according to prevaccination HAT titers showed that the sero-
conversion rate did not differ between the elderly and work-
ers, but was higher among subjects with prevaccination titers
<40 than among those with prevaccination titers >40. Thus,
the higher fold-titer rise among all the elderly (Table 2) ap-
peared to result from their lower pre-existing antibody titers.

We considered that the seroconversion rate alone was not
enough for an evaluation of the immune response. McElhaney
reported that older adults who are vaccinated on an annual
basis receive better protection from vaccine than first-time
vaccines, suggesting that the absolute postvaccination titer is
a better surrogate of protection than the mean fold increase
[29]. Int this study, we defined an ‘intact’ antibody response
to the vaccine as one having postvaccination HAI titers >40
for at least one strain. This index might be able to identify di-
minished immune responses among the elderly more clearly
than among workers. The proportion of ‘intact’ responses in
the elderty was 91%, which was significantly lower than that
in workers (98%).

A poor response to influenza vaccine in aged subjects has
long been discussed, and has been considered due either to
the normal aging process or to certain pathological condi-
tions [5,30-32]. Nutritional status might provide one of the
possible explanations for the above uncertainty [7,29]. We
evaluated whether a reduced antibody response to influenza
vaccine was associated with age-related decreases in serum
concentrations of total protein, albumin, Vitamin A, Vitamin
E and folate, since they have been shown to have positive
effects on the immune function both in human and animal
models [8-10,14,18]. In all subjects, a diminished immune
response was related to higher age and lower levels of total
protein, albumin, Vitamin A, Vitamin E and folate, although
these associations were confounded by the factor of subject
category. It should be noted that increasing age was not re-

lated to diminished immune response, whereas subject cate-
gory was. The elderly in this study were residents in nursing
homes, and their expected incidence of poor health, chronic
disease, and lower physical fitness level might be associated
with their diminished immune response as compared to work-
ers. However, in a further age-adjusted analysis limited to the
elderly, we found that serum Vitamin E showed a significantly
positive association with the immune response. Serum Vita-
min E levels among subjects with a diminished response were
lower than the normal limit, whereas the other micronutri-
ents among them was the within normal range. These results
suggested that Vitamin E, but not the other micronutrients,
may play a crucial role in the immune response, especially
among the elderly. Vitamin E is widely recognized as a major
lipid-soluble anti-oxidant, which scavenges free radicals in
biclogical membrane, inhibits the initiation and chain propa-
gation of lipid peroxidation, and protects the cellular structure
against oxidative damage [14). Several epidemiological stud-
ies have shown that Vitamin E deficiency is associated with
an inadequate immune response, and Vitamin E has recently
been implicated in the reduced risk for several tmmune and
inflammatory diseases associated with aging [33]. Ourresuits
support the hypothesis that Vitamin E is an essential nutrient
for maintaining the immune system, especially in the aged.
In present study, there were four elderly persons whose
positive HAT titers decreased to less than 40 after vaccina-
tion (for one person, HAI titer for A/H3N2 decreased from 40
to 20, and for three persons, HAI titer for B decreased from
40 to 20). In addition, the lower pre-existing antibody titers
in the elderly, in spite of vaccination in previous year, were
observed. The mechanism underlying the aging and preserva-
tion of antibody has not been well-documented, as far as we
know. We hypothesized that not only the immune response to
vaccine, but also the preservation of protective level of HAI
titers might be associated to individual nutritional and hor-
monal status. Further investigations are needed on this issue.
Beyer et al. pointed out three methodological limitations
common to studies of antibody induction: (1) the failure to
exclude subjects with illness or those using medications that
influence the immune system; (2) the failure to exclude those
with previous vaccinations against influenza; and (3) the fail-
ure to exclude persons with high prevaccination antibody
titers [5]. Regarding the first limitation, most of the elderly in
this study suffered from age-related chronic diseases or dis-
abilities including hypertension (39%), physical handicaps
after cerebral infarction (33%), and other morbid conditions
(34%). Since these conditions could be associated with both
the immune response and serum micronutrient levels, cau-
tion must be exercised in interpreting the positive association
between serum Vitamin E and the immune response. None of
the elderly in our study took medications known to suppress
immunity. The second and third limitations also apply to this
study. Because all of the participants had a history of vac-
cination, particularly in the previous year, both limitations
were inevitable. In an attempt to respond to these problems,
we performed careful statistical analyses taking into account
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the influence of prevaccination HAI titer, and used a metic-
ulously devised index applicable to each antibody response
(‘intact’ or diminished).

Despite the above limitations, the specific association ob-
served between serum Vitamin E and the immune response
among the elderly appears biologically plausible, and de-
serves further investigation.
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