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Annually repeated influenza
vaccination improves humoral
responses to several influenza virus

strains in healthy elderly

Iris A. de Bruijn*7, Edmond J. Remarque*, Walter E. Ph. Beyerf,
Saskia le Cessief, Nic Masurelt and Gerard J. Ligthart*§

The benefit of annually repeated influenza vaccination on antibody formation is still
under debate. In this study the effect of annually repeated influenza vaccination on
haemagglutination inhibiting (HI) antibody formation in the elderly is investigated.
Between 1990 and 1993 healthy young and elderly, both selected by the SENIEUR
protocol, were vaccinated consecutively with commercially available influenza vaccines.
The elderly had a lower HI antibody response after one vaccination as compared to the
young against the A/Taiwan/1/86 (HINI), B/Yamagata/16/88 and B/Panama/45/90
strains. Annually repeated vaccination did not result in a decrease of the HI antibody
titres against the A and B vaccine strains in both age groups. Moreover, the elderly had
a sigificantly higher HI titre against the B strains after the second vaccination as
compared to the first, resulting in comparable HI titres for young and elderly. Thus,
annually repeated vaccination has a beneficial effect on the antibody titre against
influenza virus and can contribute to a better antibody-response in the elderly. © 1997
Elsevier Science Ltd.
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In many countries annual vaccination against influenza
is recommended for the elderly and the chronically ill',
as it reduces influenza-associated morbidity and
mortality in these groups™. Becausc the antigenic
make-up of the influenza virus changes frequently and
antibody titres may declinc to non-protective levels
within a year after vaccination’, annual vaccination
seems needed.

However, there are conflicting data on the benefit of
annually repeated influenza vaccination and little is
known about repeated vaccination in the elderly over
75 years of age. Hoskins er al.” found a decreased
protection in boys at a boarding school that had been
vaccinated annually in comparison with boys that had
been vaccinated only once. In some studies postvacci-
nation serum haemagglutination inhibiting (HI)

*Section of Gerontology, University of Leiden, P. O. Box
9600, 2300 RC Leiden, The Netherlands. tTWHO Influenza
Centre, Erasmus University Rotterdam, Rotterdam, The
Netherlands. tDepartment of Medical Statistics, University
of Leiden, Leiden, The Netherlands. §Present address:
Section of Geriatrics, University Hospital of the Free Univer-
sity Amsterdam, Amsterdam, The Netherlands. TAuthor to
whom all correspondence should be addressed. (Received
10 April 1996; revised version received 21 November 1996;
accepted 10 January 1997)

antibody levels were similar in previously vaccinated
and unvaccinated subjects”™’, whereas other studies
showed significantly lower antibody responses in
previously vaccinated subjects'""”.

Studies on annually repeated influenza vaccination
were often performed in children and young
adults™"™", but influenza epidemics have the greatest
morbidity and mortality in the elderly”, not only in
those with underlying disease but also in apparently
healthy subjects'®"". Underlying disease®", use of drugs
and ageing in itself influences the immune response to
influenza™™' and progressive discases or deterioration
can bias longitudinal studies. Therefore we measured
the HI antibody titre for 4 years of annually repeated
influenza vaccination in optimally healthy young and
elderly who fulfilled the SenieuRr criteria™ throughout
the study.

MATERIALS AND METHODS

Subjects

Between 1990 and 1993 young and elderly persons
volunteered to receive an annual influenza vaccination,
with new volunteers entering the study each year. Both
age groups were selected according to the SENIEUR
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protocol™, by which strict admission criteria for
immunogerontological studies in man are established.
The protocol is based on clinical and laboratory data
and it scts limits to pharmacological interference and
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SenNizur criteria will hereafter be named SuNizurs and
the young Junitzurs. The numbers and demographics
of the volunteers arc listed in Table 1. All the SeNiur
subjects were independently living in the city of
Leiden. the Netherlands. All the Junitur volunteers
were students or laboratory staff in the city of Leiden,
tha Noetherlande

the Netherlands, All subjects gave
and the study was approved by the Mcdical Ethics
Committec of Leiden University.

To minimize biascs which usually lead to an under-
cstimation of thc immune response in the elderly, the
study was pcnormcd according to the criteria formu-
ldt(,d by chcr et al.™. Subjects with previous influenza

ol Sreo
vaccinations in the 2 years preceeding the study were

ded. Priming differences were taken into account
in the interpretation of the data and a statistical
correction for prevaccination titre was applied where
appropriatc.
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Throughout the study commercially available
vaceines m‘r‘nrrhno to WHQ recommendations were

U‘;('i:ianﬁl'.l:/:i(,v Solvay Duph:i;vbvvu\;/u%p The
Netherlands) (Table I). For the 1990-1991 season a

whole virus vaccine was used, containing 15 png
haemagglutinin for the A strains A/Taiwan/1/86
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haemagglutinin for thc B strains B/Beijing/1/87 and
B/Yamagata/16/88. For the scasons 1991-1992 and
1992-1993 subunit virus vaccines were used containing
15 pg hacmagglutinin for each strain. In 1991 the
vaccine contained the A strains A/Taiwan/1/86 (HINT1)
and A/Bcijing/353/89 (H3N2) and the B strains
D/Dcijiﬁg/l/oz and D/rauama/45/9{} In the 1992-1993
season thc vaccine consisted of the strains A/Taiwan/
1/86 (HINI),  A/Beijing/353/89  (H3N2) and
B/Yamagata/16/88. In the 1993-1994 scason. only
SeNnipuRs were vaccinated. The vaccine contained the

strains A/Taiwan/1/86 (HIN1), A/Beijing/32/92 (H3N2)
and B/Panama/45/90.

Serological analysis

Haemagglutination inhibition titres were assessed in
scra obtained prior to and 21 days after vaccination. HI
antibody titres were determined following standard
procedures using  chicken erythrocytes and  four
HA-units of the virus™. Influcnza B strains were cther
treatcd”. Pre- and postvaccination sera were titrated
simultancously and the sera were analysed in duplicate
for antibody against all vaccine strains. HI tests were
performed at the WHO National Influenza Centre for
the Netherlands.

Scrological protection rates were
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accordance to the HI test used, a titre of 100 U was
taken as a protective level for the influenza A
strains™ and a titre of 200 for the influenza B
strains™.

calculated to
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Statistical analysis

All calculations were performed on “log-transformed
data. Mcan HI titres are displayed as geometric mean
titres (GMT). All _ statistical procedures were
performed with SPSS™ for Windows™ v. 6.1 (SPSS
inc.. Fhlcann ITQA\A Increase of GMT HI qpf}bl\t’l\l
after the hrst vaccination was analysed with the paired
Student’s ¢-test. Differences between Junicur and
SeNIEUR subjects after the first vaccination regarding
the prevaccination titre were analysed with analysis of
variance (ANOVA). Postvaccination titres were

analysed with analysis of covariance (ANCOVA) with
postvaccination titre as the dependent variable and
prevaccination titrc as the covariate. Where appro-
priatc, an adjustment for the prevaccination titre was
applied.

To mve%tlgatc the longitudinal Lhangce in prcvacu-
nation and pU\lVdLbllldllUll titres after Icpcdlt:u vaccin-
ation, pairwise comparison of the Senieur and
Junirur pre- and postvaccination titres of two consec-
utive years was pcrformed with the paired Student’s

t-test. The differences of pre- and postvaccination titres

Table 1 Vaccination of subjects
Year of vaccination: N (mean age +S.D.)
1990 1991 1992 1993
JUNIEURS 43 (22 1+ 3) 18 (22 +2) 9 (22+2)
SENIEURS 7 (80 £3) 40 (79+3) 26 (77 +3) 12 (77 £3)
JunIEURS 42 (23 +5) 14 (23 +4)
SENIEURS 55 (79+3) 28 (79+3) 17 (78 +2)
JuNiEURS 38 (22 + 4)
SENIEURS 26 (78 +3) 13 (79+2)
Vaccine strain
H1N1 A/Taiwan/1/86 A/Taiwan/1/86 A/Taiwan/1/86 A/Taiwan/1/86
(15 ng HA) (15 ng HA) (15 ug HA) (15 ug HA)
H3N2 A/Guizhou/54/89 A/Beijing/353/89 A/Beijing/353/89 A/Beijing/32/92
(15 ug HA) (15 ug HA) (15 ug HA) (15 ug HA)
B1 B/Yamagata/16/88 B/Panama/45/90 B/Yamagata/16/88 B/Panama/45/90
(10 g HA) (15 1ig HA) {15 ug HA) (15 ug HA)
B2 B/Beijing/1/87 B/Beijing/1/87
(10 g HA) (15 ug HA)
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between Senieur and JUNIEUR subjects after repeated
vaccination were evaluated with the Student’s r-test.

Differences in serological protection rates between
Senieurs and JUNIEURS were analysed by the y° test.
Serological protection rates of two consecutive years
were analysed by the McNemar test.

RESULTS

HI titre after single vaccination

The prevaccination HI titres of SeNIEurs and
Junikurs were similar for most strains. However,
prevaccination titres were significantly lower in the
Senieurs than in the Junizurs to the A/Taiwan/1/86
(HIN1)} strain in 1991 and 1992 (P =0.003 and
P =0.001, respectively, ANOVA) and the B/Yamagata/
16/88 strain in 1992 (P = 0.046, ANOVA) (Table 2).

Each year Junicur and SENIEUR subjects who were
vaccinated for the first time showed a significant rise in
HI titre 21 days after vaccination against all influenza
strains contained in the vaccine (P<0.0001 for all
strains, paired Student’s f-test) (Table 2).

Compared to the Junieurs, the SENiEURS had signi-
ficantly lower postvaccination HI titres against the
HINT1 vaccine strain in all three years (P <0.05 for all
years, ANCOVA). The postvaccination HI titres
against the H3N2 vaccine strains were similar for the
two age groups in all three years. The postvaccination
titres against the influenza B strain components of the
vaccine were significantly lower in the SEnikuRs than in
the Junieurs (P<0.01 for all strains, ANCOVA). with
the exception of the B/Beijing/1/87 vaccine strain in
1990 for which there was no significant diffcrence
between the age groups (Table 2).

HI titres after annually repeated vaccination

Previously vaccinated Junieurs and SeNtEurs had
significantly higher prevaccination titres than previously
unvaccinated subjects (P <0.01 for all strains, Student’s
t-test). Previously vaccinated subjects showed a signifi-
cant rise in the HI titre 21 days after revaccination
against the influenza strains contained in the vaccine
(P<0.001 for all strains, paired Student's i-test)
(Table 2).

After repeated vaccination pre- and postvaccination
HI titres of Senieurs against the HINI vaccince
component (A/Taiwan/1/86) remained lower than the
HI titres of Junieurs (P < (.05, Student’s ¢-test), except
for the postvaccination titre in 1992 where there was
no difference between the age groups. In both age
groups HI postvaccination titres against the HINI
strain did not change after annually rcpeated vaccina-
tion in comparison with the postvaccination fitre
reached after one vaccination. Only Senieurs who
entered the study in 1991 had significantly higher post-
vaccination HI titres after the second vaccination in
comparison with the first (P<0.01, paired Student’s
t-test), whereas after the third vaccination in 1993 the
HI postvaccination titre decreased again significantly
(P <0.01, paired Student’s ¢-test) but remained higher
than the postvaccination titre after one vaccination
(Table 2).

During the study three different H3N2 components
had been contained in the vaccine. After repcated

vaccination the pre- and postvaccination titres against
thc H3N2 vaccine subtypes were largely comparable
for the two age groups. Repeated vaccination with the
H3N2 vaccine strains did not result in a decline of the
postvaccination HI titre. The Senieurs who started in
1991 had a higher postvaccination titrc against the
vaccine strain A/Beijing/32/92 in 1993 in comparison
with the postvaccination titre against the yaccine strain
A/Beijing/353/89 in 1992 (P <0.05, paired Student’s
t-test) (Table 2).

The postvaccination HI titres against the B strains
B/Yamagata/16/88 and B/Panama/45/90 were lower in
the Senieurs after the first vaccination as compared to
the Junieurs (P<0.05, Student’s t-test). After the
second vaccination the postvaccination titres of the two
age groups were not different anymore (Table 2).
Senieurs and JunNiEurs who started in 1990 had a
significantly higher postvaccination titre aftcr the
sccond vaccination as compared to the first (P <0.01,
paired Student’s r-test). After the third vaccination in
1992 the HI titre against the vaccine strain decreased
again (Senteurs P =0.002 and Junieurs P =0.03,
paired Student’s ¢-test) but remained higher than the
titre after the first vaccination. For the SENIEURS, the
fourth vaccination in 1993 resulted in a significant
increase of the HI titre (P =0.003, paired Student’s
t-test) to a level comparable to the HI titre after the
second vaccination. A diminished postvaccination titre
in 1992 was not sccn against the B/Panama/45/90
strain, which was the vaccine strain of the previous year
(data not shown).

Senieurs who started in 1991 or 1992 also had an
increase of postvaccination HI titre after the second
vaccination as compared to the previous year (P = 0.02
and P <0.01. respectively, paired Student’s t-test). The
HI postvaccination titre of the Semiturs from 1991
increased cven more after a third vaccination in 1993
as compared to 1992 (P =0.002, paired Student’s
t-test). Junieurs who started in 1991 showed no signifi-
cant changes in postvaccination titrc after repeated
vaccination. The B/Beijing/1/87 strain had only been in
the vaccine for two consccutive years. No diffcrences
between Junieurs and Senieurs were observed after
repeated vaccination and there was no change in HI
postvaccination titre level after the second vaccination
(Table 2).

Serological protection rates after annually repeated
vaccination

The serological protection rates for the B strains
were increased after the second vaccination in both age
groups in comparison with the first vaccination
(P <0.04, McNemar), for the other strains there was no
change (7able 3). Similar to the pattern of HI post-
vaccination titres after rcpeated vaccination, the
Senieurs from 1990 had a decreased serological
protection rate to B/Yamagata/16/88 after the third
vaccination in 1992 as compared to the serological
protection rate to B/Panama/45/90 in 1991, but after
the fourth vaccination in 1993 the serological protec-
tion rate to B/Panama/45/90 again increased signifi-
cantly (P =0.001, McNemar) (Table 3). A decrease of
serological protection rate was not seen against the
B/Panama/45/90 strain, which was the vaccine strain of
the previous year (data not shown).
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Scrological
component of the vaccine were very low in both age
groups. being <50% for the Senitzurs and slightly
> 50% for the Juniturs. The serological protection

protection

ratcs

Tabile 2 Hi titres after repeated vaccination

against

the¢ HINI

rates for the H3N2 and B components of the vaccine
were higher for both age groups, being 60% or more
with some exceptions. The numbers of serologically
protected subjects after vaccination with the HIN1 and

HiIN1 Age® Day® A/Taiwan1/86° A/Taiwan/1/86 A/Taiwan/1/86 A/Taiwan/1/186
nN° 1990° N 1991 N 1992 N 1993
S 0 57 (1) 6 (5-6) 40 (2) 1 (13-33)* 26 (3) 26 (15-45)* 12 (4) 22 (12-40)
21 44 (28-69)* 47 (31-72) 46 (28-75) 37 (19-72)
J 0 43 (1) 6 (5-7) 18(2) 75 (41-137) 9(3) 87 (35-219)
21 136 (99-187) 118 (82-168) 100 (40-252)
S 0 55 (1) 5 (5-6) 28 (2) 9 (6-14)* 17 (3) 20 (10-38)
21 18 (13-27)* 47 (30-74)** 31 (16-58)**
J 0 42 (1) 9 (6-12) 14 (2) 45 (24-87)
21 105 (77-142) 73 (42-126)
S 0 26 (1) 6 (5-7) 13 (2) 25 (9-67)
21 57 (28-117)* 82 (33-203)
J 0 38 (1) 15 (9-25)
21 206 (149-284)
H3N2 Age Day  A/Guizhou/54/89 A/Beijing/353/89 A/Beiiing/353/89 A/Beijing/32/92
N 1980 N 1991 N 1992 N 1993
S 0 57 (1) 16 (11-23) 40 (2) 114 (77-170) 26 (3) 156 (103-236) 12 (4) 43 (18-102)
21 328 (227-474) 307 (207-454) 273 (186-400) 157 (58-429)
J 0 43 (1) 21 (14-32) 18 (2) 68 (43-108) 9(3) 156 (94-258)
21 246 (187 324) 328 (192-562) 196 (109-353)
S 55 (1) 8 (6-11) 28 (2) 67 (37-125)* 17 (3) 28 (14-59)
21 117 (67-2086) 308 (203-465) 824 (322-1211)**
J 0 42 (1) 11(8-17) 14 (2) 209 (92-478)
21 261 (176-386) 248 (107-575)
s 0 26 (1) S (7-13) 13 (2) 18 (8-39)
21 186 (84—411) 185 (80-425)
J 0 38 (1) 14 (9-22)
2i 276 (169-452)
B1 Age Day B/Yamagata/16/88 B/Panama/45/90 B/Yamagata/16/88 /Panama/45/90
N 1990 N 1991 N 1992 N 1993
S o 571 6 (5-8) 40(2) 96 (80-151)* 26 (3) 122 (77-195) 12(4) 280 (129-410)
21 82 (58-117)* 494 (346-706)** 315 (204-485)** 626 (341-1149)**
J 0 43 (1) 9 (6-12) 18 (2) 291 (156-543) 9(3) 218 (106-448)
21 232 (158-339) 872 (552-1378)** 371 (236-581)**
s 0 55 (1) 16 (11-22) 28 (2) 15 (9-25) 17 (3) 167 (68-407)
21 152 (94-244)* 333 (194-574)** 634 (336-1200)**
J 0 42 (1) 18 (11-29) 14 (2) 145 (91-230)
21 640 (460-889) 462 (303-703)
S 0 26 (1) 6 (5-7) 13 (2) 82 (27-255)
21 38 (20-73)* 1413 (682-2924)**
J ) 38 (1) 9 (6-13)
21 287 (160-513)
B2 Age Day  B/Beijing/1/87 B/Beijing/1/87
N 1990 N 1991
S 0 57 (1) 14 (9-20) 40 (2) 75 (47-120)
21 177 (116-268) 252 (164-386)
J 0 43 (1) 20 (12-34) 18 (2) 144 (66-312)
21 290 (203-415) 366 (238-562)
S 0 55 (1) 7 (17-44)
21 233 (150-361)*
J 0 42 (1) 2 (13-35)
o1 657 (400-1080)

Chronological listing of HI titres. Rows from left to right show cohorts starting in 1990, 1991 or 1992 respectively. Numbers of subjects

decrease as a resulit of ioss to foliow up. in 1993 only Seneurs were revaccinated
"’S, SENIEURS; J, JuNIEURS

*Day 0 = prevaccination titre; day 21 = postvaccination titre
“Number of subjects (number of vaccinations received)
%Year of vaccination

°Vaccine strain
Pre- and postvaccination HI titres GMT (95% confidence interval):

*P <0.05; Student's t-test between titres of Senieurs and Junieurs;

**p ~0.05; paired t-test between current HI postvaccination titre and HI postvaccination titre in the previous year. Subjects due to loss to
follow up were not considered in this analysis
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Table 3 Serological protection rates after repeated vaccination

N1N1 Age® Day” AfTaiwan/1/86° A/Taiwan/1/86 A/Taiwan/1/86 A/Taiwan/1/86
N°¢ 1990° N 1991 N 1992 N 1993
S 0 57 (1) 2 40 (2) 15 26 (3) 19 12 (4) 0
21 28* 30 23* 17
J 0 43 (1) 0 18 (2) 56 9 (3) 56
21 63 56 67
S 0 55 (1) 0 28 (2) 0 17 (3) 12
21 13* 32 24
J 0 42 (1) 2 14 (2) 29
21 55 50
s 0 26 (1) 0 13 (2) 15
21 31* 46
J 0 38 (1) 21
21 79
H3N2 Age Day A/Guizhou/54/89 A/Beijing/353/89 A/Beijing/353/89 A/Beijing/32/92
N 1990 N 1991 N 1992 N 1993
S 21 57 (1) 12 40 (2) 45 26 (3) 73 12 (4) 25
0 88 75 92 67
J 21 43 (1) 14 18 (2) 33 9 (3) 78
0 81 83 89
S 21 55 (1) 2 28 (2) 36 17 (3) 24
0 58* 89** 94
J 21 42 (1) 10 14 (2) 71
0 79 79
S 21 26 (1) 0 13 (2) 15
0 58 69
J 0 38 (1) 13
21 76
B1 Age Day B/Yamagata/16/88 B/Panama/45/90 B/Yamagata/16/88 B/Panama/45/90
N 1990 N 1991 N 1992 N 1993
S 0 57 (1) 0 42 (2) 35 26 (3) 27 12 (4) 58
21 30* 85** 62** 92
J 0 43 (1) 0 18 (2) 61 9 (3) 56
21 58 94** 89
S 0 55 (1) 4 28 (2) 4 17 (3) 47
21 45* 64* 82
J 0 42 (1) 12 14 (2) 36
21 86 93
S 0 26 (1) 0 13 (2) 31
21 15* g2**
J 0 38 (1) 0
21 68
B2 Age Day B/Beijing/1/87 B/Beijing/1/87
N 1980 N 1991
S 0 57 (1) 7 40 (2) 28
21 51* 860
J 0 43 (1) 14 18 (2) 61
21 72 83
S 0 55 (1) 11
21 51*
J 0 42 (1) 7
21 83

Chronological listing of serological protection rates. Rows from left to right show cohorts starting in 1990, 1991 or 1992 respectively.
Numbers of subjects decrease as a result of loss to follow up. In 1993 only Senieurs were revaccinated

S, SenteuRs; J, JUNIEURS

*Day 0 = prevaccination titre; day 21 = postvaccination titre

°‘Number of subjects (number of vaccinations received)

“Vaccine strain

*Year of vaccination

Pre- and postvaccination serological protection rates. Numbers are percentages of subjects with protective HI titre (HI > 100 for influenza
A strains; HI > 200 for influenza B strains)

*P <0.02; ;° test between serological protection rates of Senieurs and Junieurs

**P 0.05; McNemar test between current postvaccination serological protection rate and postvaccination serological protection rate in the
previous year. Subjects due to loss to follow up were not considered in this analysis
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B components show some differences between
SENiEURS and JuNIEURS. In most cases the JUNIEURS
reached higher serological protection rates than the
Sentturs (Table 3).

DiSCUSSION

When Senieur young and elderly are vaccinated
repeatedly with influenza vaccine no decline in anti-
body formation or serological protection rate can be
observed in this study. These data arc in agreement
with data published concerning annually repeated
influenza vaccination in young or middle-aged
persons™’. The increase in the postvaccination HI titre
against the influenza B strains as a result of annually
repeated vaccination was also found by Howells ef al.”.

However, the SeniEurs vaccinated for the first time
in 1991 show somec changes in the postvaccination
titres against the HINT strain reached after the second
and third vaccination. The postvaccination titre rises
significantly after the second vaccination in comparison
with the first and declines again significantly after the
third vaccination but remains higher than the titre after
the first vaccination. The rise after the second vaccina-
tion could be explained in part by a poor antigenicity
of the vaccine in 1991, as we found lower HI responses
after vaccination in persons entering in 1991 than in
those who were vaccinated in 1990 or 1992 for the first
time. This HI titre rise in the SENiEURS from 1991 after
vaccination in 1992 was also seen for the H3N2 strain
A/Beijing/353/89 though this was not statistically signi-
ficant. However, as the titre against the HINI compo-
nent decreases again after the third vaccination it is
more likely that the fluctuations seen in this group arc
a result of group related differences.

The antibody formation after vaccination in 1992
with B/Yamagata/16/88 seems to be lower than the HI
titre against B/Panama/45/90 in the previous year.
However, the subjects still have a high amount of anti-
body in 1992 to the vaccine strain of 1991. This lower
antibody measurement against B/Yamagata/16/88 could
be explained by a different avidity of B/Panama/45/90
in the HI test.

The HI titre reached after vaccination was extrapo-
lated to a measure of serological protection. The
diminished protection after repeated vaccination found
by Hoskins in schoolboys” was not found in the
Junieurs and Senteurs of this study. Moreover, for
the B strains the serological protection rates after the
second vaccination were higher than after the first
vaccination. The serological protection rates were
calculated for the antibody production against the
vaccine strains, whereas the antibody titres and sero-
logical protection rates to the epidemic virus strains
were not determined. Possibly the serological protec-
tion rates given here might differ from the actual
protection against a challenge with epidemic virusses.

Longitudinal observation of postvaccination titres
against influenza vaccine strains presents some difficul-
ties. Because the composition of the vaccine changes
every year and because of possible diffcrences in sensi-
tivity of these different strains in the HI test a
comparison from onec year to the other must be made
with caution. When the vaccine strain changed from
one year to another, in the case of the H3N2 and B
components, the antibody response to the vaccine
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component of the previous year was also measured
(data not shown). It appeared that this heterologous
responsc was sometimes cven better than the response
to the vaccine strain. This anamnestic phenomenon has
been described before=* and has to be taken into
account when cvaluating the responsc after repeated
vaccination.

When considering pre- and postvaccination HI titres
in healthy subjects who had not been vaccinated
against influenza for at lcast 2 years, several differences
between JuNieurs and SENIEURrs occurred in the quan-
titative antibody formation against influenza hacmag-
glutinin. The finding that clderly showed a lower
immune responsc to the A/Taiwan/1/86 (HINI1) strain
has been reported carlier™"* and our data concerning
the differcnces in the postvaccination HI titre are in
agreecment with data from McElhancy et gl They
found lower postvaccination HI antibody levels in 1990
and 1991 against the HINI strain A/Taiwan/1/86 and
the B strains B/Yamagata/16/88 and B/Panama/45/90 in
Senieur elderly and young subjects of the same age
groups as ours with the same vaccine strains as in our
study in 1990 and 1991. They also found no difference
in postvaccination HI titres against the H3N2 strains
between the two age groups.

A diminished HI antibody rcsponse in the clderly
has been reported before in other studies, but also
equal or even higher antibody responses have becn
reported™. With regard to the results of this study we
may conclude that in the absence of biascs like differ-
ences in the prevaccination titre, underlying discase
and usc of drugs, there is an age-related, vaccine
strain-dependent difference in HI antibody formation
after influenza vaccination.

It was suggested that the phenomenon of original
antigenic sin may explain age-related differences in thc
antibody responses between the HINI and H3N2
vaccine strains™*. The Senteurs would be optimally
primed for the strains of the HINI subtype that circu-
lated during their childhood, whercas the Juniturs
were primed for Hl-strains closer rclated to the
current HINI strains. This could result in an
age-related altered response to later influenza strains
of the HI subtype™. In contrast, the Senizurs would
not have been exposed to the H3N2 subtype until the
late sixties, resulting in an equal exposure to viruses of
the H3N2 subtype for both age groups.

CONCLUSIONS

There was no decline of HI antibody to the vaccine
strains after annually repeated vaccination in SENIEURS
and JunNieuRrs. Moreover, for the B strains a second
vaccination resulted in an even higher postvaccination
titre against the vaccine strain. Also the serological
protection rates after annually repeated vaccination
showed no decline. Thus annual influenza vaccination
has proved to be effective in maintaining an adequate,
protective HI antibody titre against the vaccine strains.

The results of this study demonstrate an association
between high age and a decclined responsiveness to
some influenza vaccine strains, but whether this is a
truc senescence phenomenon requires further investi-
gation, as we did not sce this decrease for all vaccine
strains.
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