
Papers 
Antibody response after influenza 
 mmumzat on w th various vaccine 
doses: a double-blind, placebo- 
controlled, multi-centre, dose-response 
study in elderly nursing-home residents 
and young volunteers 

A.M.  Pa lache* ,  W . E . P .  Bey.er*, M. J .W.  Sprenger* ,  N.  M a s u r e l  *§, S. de Jonge  t, 
A. V a r d y  t,  B. C h a r p e n t i e F ,  J. N o u r y  ~°, W.C.A.  van  Beek II, R.J.A. Bors t  11, 
G.J .  L ig tha r t  II, G.  K e r e n  ¶ a n d  E. Rub ins t e in  ¶ 

The dose effect (0, 10, 20 and 60 I~g) of  influenza subunit vaccine on the antibody response 
was investigated in nursing-home residents and young controls. The vaccine antigens were: 
A~ Taiwan /1/  86( HI  N1), A / Sichuan / 2 / 87( H3N2 ) and B / Beijing /1/  87. For the influenza 
B antigen, the post-GMT and the 'percentage protective titre' increased significantly both 
in the young controls and nursing-home residents. No dose effect was observed for the 
A~ Taiwan, and a minor dose effect for A/Sichuan. All vaccine doses were well tolerated 
by both groups. We conclude from our data that higher vaccine doses may result in a 
better antibody response against some antigens but not against others. Therefore, in 
general, increasing the vaccine dose is no adequate method to improve the antibody 
response. 
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I N T R O D U C T I O N  

Worldwide, annual immunization is recommended for 
individuals, including nursing-home residents, at high 
risk of serious complications or death from influenza 
infections 1'2. Although various authors have convincingly 
shown that influenza vaccinations modify influenza by 
the reduction of influenza- and pneumonia-associated 
hospitalizations 3-6, vaccination studies with inactivated 
influenza vaccines have shown disappointing protection 
against infections in nursing-home residents 7-9. These 
modest results are generally considered to be due to an 
age-associated decline in immune response following a 
standard dose of vaccination 7'1 o, although this assumption 
is disputed by several authors 11'12. 

In an attempt to increase the immune response in the 
elderly and hence to enhance protection against influenza 
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infections, several authors have investigated the effect of 
high-dose influenza B virus vaccines on the humoral 
response in ambulatory elderly nursing-home residents 
and young controls 13-15. 

Since these studies did not yield a consistent answer 
as to whether an increased dose would be beneficial or 
not, we performed a double-blind, placebo-controlled, 
randomized, multi-centre, dose-response study in 
elderly nursing-home residents and young controls. We 
investigated the antibody response following doses of 10, 
20 and 60/~g HA/strain trivalent subunit vaccine. 

MATERIALS A N D  M E T H O D S  

Study population 
We immunized 282 young volunteers (mean age 21; 

range 17-47 years) and 262 elderly (mean age 80; range 
68-99 years) nursing-home residents with placebo 
(saline) or trivalent influenza subunit vaccine of various 
concentrations, between October and December 1988. 
For both age groups, all treatment groups were 
comparable with regard to their age and sex distribution. 

Each age group was studied in different study centres. 
The young volunteers were university students from 
Rotterdam, The Netherlands (centre 1, n = 140) and 
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Paris, France (centre 2, n = 142). The elderly were 
recruited either in 20 nursing-homes spread throughout 
the western part of The Netherlands (centre 3, n = 122) 
or in a single nursing-home in Tel Aviv, Israel (centre 4, 
n = 140). Fifty-eight subjects from centre 4 had been 
immunized against influenza at least once during the 5 
years preceding the current study. All other participants 
had not been vaccinated against influenza during this 
period. 

Patients taking immunosuppressive medications such 
as corticosteroids and cytostatics were excluded. 
Informed consent prior to the study was given by all 
participants except for nursing-home residents with 
dementia. In the Israeli group, relatives of subjects with 
dementia gave informed consent, whereas in the Dutch 
group, subjects with dementia were excluded from the 
study. The study was approved by local ethics 
committees. 

Vaccines 

Experimental trivalent influenza subunit vaccines 
(Duphar BV, The Netherlands) contained 10, 20 or 60/~g 
HA for each of the following antigens: B/Beijing/1/87, 
A/Taiwan/1/86 (H1N1) and A/Sichuan/2/87 (H3N2). 
For each antigen, the different dosages were drawn from 
the same production lot. Each treatment group received 
a 0.5ml intramuscular injection of saline or the 
experimental trivalent vaccine. 

The experimental vaccines were produced according 
to the manufacturer's standard procedures for its 
commercially available subunit vaccine. Briefly, virus was 
propagated for 2 days on chicken eggs and, after 
harvesting, inactivated by formaldehyde and disrupted 
by cetyltrimethyl ammonium bromide. Membrane 
proteins were isolated by zonal ultracentrifugation. The 
final preparation contained 0.01% sodium ethylmercuri- 
thiosalicyle, 0.00625 IU polymyxin, and 0.00625 #g 
neomycin per dose. 

Study design 

Vaccinations were given on a double-blind basis 
according to a treatment randomization scheme. From 
each volunteer, a 10 ml blood sample was drawn just 
prior to vaccination and again 3 weeks thereafter. 

Laboratory investigations 

Sera were separated after blood collection, kept frozen 
at -20°C, and transported fom each study centre to the 
Department of Virology, Rotterdam, The Netherlands 
for laboratory investigation. On arrival in Rotterdam, 
all sera were recoded according to a new randomization 
scheme in order to achieve blindness in the antibody 
determinations. Each day, the pre- and postimmuniz- 
ation sera of 12 subjects from each study centre were 
analysed. Influenza virus strains for titrations were 
propagated in embryonated 12-day-old chicken eggs. 
Because of the low avidity of the influenza B viruses, 
infectious egg fluids of this strain were treated with ether 
according to the method of Berlin et  al.  16 and the aqueous 
phase was used in the serological tests. Pre- and 
postimmunization haemagglutinin-inhibition (HI) titres 
were simultaneously determined in duplicate by standard 
methods ~7. Titres were expressed as the reciprocals of 
the dilution showing 50% haemagglutination inhibition 

with 3 haemagglutination units of the antigen. From the 
results of the determinations per serum and per antigen, 
the geometric means were used for further calculations. 
Negative titres ( < 9) were arbitrarily regarded as 5. With 
the method used, protection against infection is assumed 
to be associated with a HI titre of >t 100 for influenza A 
strains ~s'~9. For ether-treated influenza B strains, no such 
protection threshold is known. As previously 19, for this 
study a titre threshold of 200 was chosen. 

Clinical investigations 

Each participant received a standard symptom 
questionnaire for the evaluation of reactogenicity of the 
vaccines during the first 48 h after vaccination. Symptoms 
were divided into local reactions such as redness, swelling, 
itching or pain on the site of injection and systemic 
reactions such as fever, headache, sweating or malaise. 
In the elderly group, the same assessments were made 
by the nursing-home physicians rather than by the 
subjects themselves. 

Statistical analysis 

As stated above, the HI antibody titre per subject, time 
point (pre-/postimmunization) and antigen were calcu- 
lated as the geometric mean of the two corresponding 
laboratory determinants. These titre values were used to 
derive four further variables for statistical analysis: the 
geometric mean titre (GMT), representing the geometric 
means of the individual titre values; the proportion of 
subjects with HI-antibody titres above the assumed 
protective level (percentage protective titre); the 
geometric mean fold increase (MFI) and the proportion 
of subjects with a fourfold or greater titre increase 
(percentage responders). 

The titre values and MFI were subjected to a 
logarithmic transformation and analysed using analysis 
of variance and covariance (PROC GLM in SAS )20. The 
percentage protective titre and percentage of responders 
were subjected to a logit transformation and analysed 
using logistic regression (PROC LOGISTIC in SAS). 

For the analysis of the vaccinated groups, the 
transformed variables were related by an additive, linear 
model to the factors age group, centre within age group, 
dose, interaction between dose and age group, and 
interaction between dose and centre within age group. 
In addition, the analyses of postimmunization titre and 
percentage protective titre included pre-immunization 
titre as a covariate, since it is recognized that pre- 
immunization titre has an influence on postimmunization 
values 2~. Because MFI and percentage of responders 
'correct' for pre-immunization titre, no covariate was 
included in the analyses of these variables. 

The analyses performed provide for tests of statistical 
significance of the contribution of the factors listed above 
to the model describing the response variable. They also 
provide coefficients so that the value of the response 
variable can be predicted from an equation including 
those factors determined as significant. 

The analysis of the placebo group followed the 
methods outlined above, but included only age group 
and centre (and pre-immunization titre where appropri- 
ate) in the model. In the description of results, the 
following convention is used. Borderline statistically 
significant indicates a p value between 0.10 and 0.05; 
statistically significant indicates a p value between 0.05 
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and 0.01; and highly statistically significant indicates a 
p value less than 0.01. 

Since the GMT and percentage protective titre are 
considered clinically the most meaningful markers for 
efficacy, and the analysis of the other variables showed 
qualitatively similar results as the GMT and percentage 
protective titre, only these latter parameters are discussed 
in this paper. Other parameters, such as protection rate, 
response rate and seroconversion rate, as defined by 
Beyer et al. 11, were calculated and analysed, but again 
qualitatively similar results were obtained and are 
therefore not presented in this paper. 

Since increased antibody titres would result in an 
extended period of effective protection against influenza 
infections 22'23, we have also analysed the frequency 
distribution of subjects within discrete postimmunization 
titre intervals for all antigens. This analysis did not reveal 
additional relevant dose effects and is therefore also not 
presented in this paper. 

R E S U L T S  

Pre- and postimmunization antibody status of 
placebo-treated groups 

The pre- and postimmunization GMT and percentage 
protective titre of the placebo-treated groups in the four 
study centres for the three vaccine antigens are presented 
in Table 1. Although some highly statistically significant 
study centre differences within each age category are 
apparent, there was virtually no antibody titre rise in 
each of the placebo groups, so that no placebo response 
corrections were needed in the analysis of the actively 
immunized groups. 

dose response after influenza immunization: A.M. Palache et al. 

Prevaccination antibody status 

Prevaccination GMT and percentage protective titre 
for the four centres and the three vaccine antigens for the 
actively immunized subjects are presented in Table 2. The 
average prevaccination GMT against the B/Beijing/1/87 
(B/B) antigen was approximately 30 for both age groups. 
However, statistically significant study centre differences 
within each age group were revealed. Within the young 
age group, the participants of centre 1 (students in 
Rotterdam) had a highly statistically significantly higher 
prevaccination GMT than those of centre 2 (students in 
Paris). The nursing-home residents in Tel Aviv (centre 
4) had a statistically significantly higher prevaccination 
GMT than their Dutch counterparts (centre 3). These 
centre differences were not reflected by the percentage 
protective titre values which were 10% on average. 

Antibodies against the (A/Taiwan/1/86 (H1N1)) 
(A/T) strain were low on average (postvaccination 
GMT = 8, percentage protective titre = 3% ). The study 
centre differences for this antigen are considered irrelevant. 

The proportion of subjects with protective antibody 
titres against the (A/Sichuan/2/87 (H3N2)) (A/S) 
strain was much greater than against the other two 
antigens. Both age and centre differences were obvious. 
On average, the nursing-home residents had a signifi- 
cantly higher preimmunization GMT (82) than the 
students (61). Also the pre-immunization GMT centre 
differences within study populations were highly statistic- 
ally significant (GMT young: 70, centre 1; 52, centre 2; 
GMT nursing-home residents: 65, centre 3; 99, centre 4). 

The generally higher antibody level of centre 4 could 
not be explained by the preimmunization titres of the 58 
previously vaccinated subjects in this study centre. When 

Table 1 Pre- and postimmunization antibody status of placebo-treated subjects 

GMT 
(pre/post vaccination) 

Percentage-protective titre 
(pre/post vaccination) 

Group Number B/B a A/T b A/S c B/B A/T A/S 

Young: Centre 1 34 33/29 9/9 83 91 9/6 3/3 41/44 
Centre 2 36 23/25 6/7 47/48 6/8 3/3 25/31 
Total 70 27/27 8/8 62/66 7/7 3/3 33/37 

Elderly: Centre 1 30 22/22 5/6 71/76 7/13 0/0 43/40 
Centre 2 35 85/82 11/11 95/87 23/29 6/3 57/63 
Total 65 45/45 8/8 100/100 15/22 3/2 51/52 

"B/B, B/Beijing/1/87 
hA/T, A/Taiwan/1/86 (H1N1) 
cA/S, A/Sichuan/2/87 (H3N2) 

Table 2 Prevaccination antibody status, according to age and study centre 

Prevaccination GMT 8 
Prevaccination 

percentage-protective titre 

Group Number B/B A/T A/S B/B A/T A/S 

Young: Centre 1 105 41 9 70 8 3 35 
Centre 2 107 22 8 52 10 4 32 
Total 212 30 8 61 9 3 33 

Eldery: Centre 3 92 24 6 65 10 0 37 
Centre 4 105 38 9 99 12 7 49 
Total 197 31 8 82 11 4 43 

All participants 409 30 8 70 10 3 38 

aSee footnote to Table 1 
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comparing the dose groups with regard to their 
prevaccination antibody status, no relevant differences 
could be seen (see Table 3, columns 'pre GMT' and 'pre 
% protective titre'). 

Antibody response after active immunization in both age 
groups 

In Table 3 are presented the HI antibody response 
expressed by postvaccination GMT and percentage 
protective titre, after active immunization with 10, 20 or 
60/~g HA per vaccine antigen, for both age groups. For 
both parameters, actual and predicted values are given. 
Predicted values were calculated from actual values by 
adjusting actual values for prevaccination titres by an 
ANCOVA procedure (postvaccination GMT) or logistic 
regression (percentage protective titre). 

For the B/B antigen, a highly significant dose effect 
on the postvaccination GMT could be demonstrated for 
both age groups. After correction for prevaccination 
titres, there was a GMT increase of 1.4 fold when 
increasing the dose from 10 #g to 20 #g, and of 2.1 fold 
when increasing the dose from 10 #g to 60 #g, in both 
age groups. The positive dose-response relation was also 
expressed by the corrected percentage protective titre 
parameter which rose 9% (young) or 15% (nursing- 
home residents) when increasing the dose from 10 #g to 
20 #g. The additional gain when increasing the dose from 
20 #g to 60 #g (4% and 8%, respectively) was small. In 
all dose groups, the young subjects showed a better 
response than the nursing-home residents. However, this 
highly statistically significant difference in response 

between the two populations was due to the higher values 
in all dose groups of centre 1 (Rotterdam) compared 
with centre 2 (Paris; GMT 1.8 fold; percentage protective 
titre 14-28%). The response in centre 2 (young) and 
centres 3 and 4 (nursing-home residents) did not differ 
significantly. 

In contrast to the influenza B strain, the A/T antigen 
induced a poor antibody response, particularly in the 
nursing-home residents, and did not show a dose effect 
in either age group. Postvaccination GMT values greater 
by 1.3-1.5 fold and 9% greater percentage protective 
titre values were observed in the 60 #g groups compared 
with the 10 pg groups. For the predicted values the dose 
effect was even less. 

The young age group responded significantly better in 
all dose groups than the nursing-home residents: 2.9-fold 
greater postvaccination GMT values and 28% greater 
postimmunization percentage protective titre values. 

In the nursing-home residents, there was a statistically 
significant effect of dose on the antibody response against 
the A/S antigen. After correction for preimmunization 
titres, there was a 1.3-fold GMT increase when increasing 
the dose from 10 #g to 20 #g and a 1.6-fold increase when 
increasing the dose from 10 #g to 60/.tg. The dose effect 
in postimmunization GMT was not reflected in the 
postvaccination percentage protective titre parameter, 
for which the predicted values were 83 for all dose groups. 
However, statistically significant centre differences 
between the nursing-home resident populations were 
found ( Table 4 ). 

Surprisingly, in the young age group, the 20 ktg dose 
group had a lower response (predicted GMT, 183) than 

Table 3 Antibody response to vaccination, according to age and dose 

Young 

Post GMT Post%-prot. 
Dose group Pre Pre 
(#g HA) Number GMT Act. Pred. %-prot. Act. Pred. Number 

Elderly 

Post GMT Post %-prot. 
Pre Pre 
GMT Act. Pred. %-prot. Act. Pred. 

B/Beij ing 
10 70 31 376 362 7 73 78 67 28 
20 70 30 516 512 11 81 87 64 36 
60 72 29 724 765 8 83 91 66 30 

A/Taiwan 
10 70 8 121) 1 59) 67 7 
20 70 10 150-~' 154 7 64~ 69 64 7 
60 72 8 153J 1 68J 66 10 

A/Sichuan 
10 70 67 233 217 37 81)  67 76 
20 70 58 180 183 34 70~ 81 64 85 
60 72 57 304 316 39 82 66 84 

223 237 10 52 55 
349 335 14 67 70 
513 500 9 77 78 

) =t 
40 t 
40 53 2 33 41 
61 8 42 

188 197 42 72) 
267 256 44 75~ 83 
315 306 44 80 

Pre and post refer to prevaccination and postvaccination, respectively. Act., actual; pred., predicted 
Prevaccination titre values used in predictions: B/Beijing: 30; A/Taiwan: 10; A/Sichuan (young) 60, (elderly) 80 

Table 4 Differences in antibody response to vaccination between study centres for A/Sichuan 

10 pg HA 20 #g HA 60 #g HA 

Group Number Post GMT Post % Number Post GMT Post % Number Post GMT Post % 

Young: Centre 1 35 280 89 35 217 74 35 394 86 
Centre 2 35 195 74 35 149 66 37 238 78 

Elderly: Centre 3 31 146 61 30 285 67 31 333 81 
Centre 4 36 234 81 34 251 82 35 300 80 

Post GMT: postvaccination GMT; Post %: postvaccination percentage protection titre 
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the 10 #g dose group (predicted GMT, 217 ). As the 60 #g 
dose induced a higher antibody response (predicted 
GMT, 316) than the 10/~g, a U-shaped dose-response 
curve with a 'minimum' at 34-40/~g was calculated. This 
phenomenon could not be explained by differences 
between centres as it was seen in both study centres 
(Rotterdam and Paris, Table 4). 

Centre differences in the antibody response to vaccination 

In Table3 ,  the antibody response after active 
vaccination was shown for the total of both study 
populations, but not for the four study centres. As 
indicated, however, there were marked and even highly 
statistically significant differences between centres 1 and 
2 of the young population, as well as between centres 3 
and 4 of the nursing-home residents. Despite the observed 
centre differences for the young for the B/Beijing antigen, 
the dose-response curves for both centres were similar. 
Hence, the centre differences did not affect the overall 
conclusion of a positive dose-response relationship. 

In contrast, the dose-response curves in both 
nursing-home study centres for the A/Sichuan antigen 
were not similar. Table 4 represents the differences in 
antibody response between study centres for this antigen. 
The GMT increase associated with a dose increase from 
10/~g to 20/~g was 2.0 (centre 3) and 1.1 (centre 4). A 
dose increase from 20/~g to 60 #g resulted in a 1.2-fold 
increase in postimmunization GMT for both study 
centres. Table4  also shows that the statistically 
significant increase in GMT (centre 3) at dose 20/~g 
compared with 10 #g is not associated with a significant 
increase in percentage protective titre (61 and 67%, 
respectively). By increasing the dose to 60#g, the 
percentage protective titre was increased to 81%, a value 
which was found for all dose groups in the Tel Aviv study 
centre. 

Adverse reactions 

The reported local and systemic adverse reactions 
following immunization in all dose groups are shown in 
Table 5. A clear dose-response relationship in the young 
is demonstrated for the local reactions (predominantly 
pain on contact) but not for the systemic reactions. In 
all dose groups, only 11-16% (placebo) of subjects who 
reported adverse reactions considered these moderately/ 
severely inconvenient. The high incidence of reported 
reactions may be somewhat exaggerated, since medical 
students are trained to observe very accurately (20% 
local reactions after placebo). 

In striking contrast to the young, in the nursing-home 
residents no dose-relationship was found for any 
reactions. Since the assessments were made by the 
investigators, the low incidence of adverse reactions may 

Table $ Reported adverse effects to immunization, according to age 
and dose 

Young Elderly 
Dose 
group Local Systemic Local Systemic 
(/~gHA) Number (%) (%) Number (%) (%) 

0 70 20 11 65 3 1 
10 70 44 27 67 1 0 
20 70 51 17 64 5 2 
60 72 79 18 66 6 0 

be due to underreporting. Thus, although the figures 
presented may be either over- or underestimates, the 
results clearly provide evidence of the tolerance and safety 
of high doses of the subunit vaccine (total 180 ~tg HA) 
in elderly nursing-home residents. 

DISCUSSION 

The current study was performed to investigate whether 
a relevant increased antibody response in elderly 
nursing-home residents can be induced by using increased 
vaccine dosages, so that this important high-risk 
population can be more effectively protected by 
immunization against influenza infections T-9. 

Our data indicate that the issue cannot be addressed 
for the trivalent vaccine as a whole, but rather should 
be addressed for each of the vaccine antigens separately. 
Moreover, the pronounced study centre differences 
within both populations as found in this large and 
relatively standardized study, underscore the intrinsic 
variability of serological influenza vaccination studies, 
which warrant caution in the interpretation and 
extrapolation of individual study results. As has been 
shown previously from a literature reviewl~; this 
variability may often preclude interstudy comparisons of 
different vaccination studies. 

The most consistent dose effect in this study was shown 
for the B/Beijing antigen (Tab le3 ) .  By increasing the 
vaccine dose from 10 to 20 and 60/~g HA, the GMT 
increased approximately 1.4 and 2.1 times, respectively, 
in both populations. 

In contrast to the B/Beijing antigen, we found a lack 
of a dose effect on the antibody response against the 
A/Taiwan antigen for both study populations. Increasing 
the vaccine dose to 60#g HA did not improve the 
antibody response. Although twice as many of the young 
controls reached assumed protective titre levels com- 
pared with the nursing-home residents, the flatness of the 
dose-response curve was very similar for both 
populations. Hence, the low immune response for the 
A/Taiwan (H1N1) antigen could not be improved by 
the use of a higher vaccine dose, as was hypothesized by 
Gross et al. ~ 2. The low antibody response for this antigen 
has also been shown by Iorio et al. 24 and Gross et al. ~2. 

No firm conclusion on the effect of vaccine dose on 
the antibody response against the A/Sichuan antigen in 
nursing-home residents can be drawn from this study, 
due to statistically significant study centre differences and 
inconsistent findings. In both study centres of the young 
volunteers, we found a U-shaped dose-response curve, 
for which we could not find an explanation. The difference 
in response following immunizations with 10 and 60 #g 
HA vaccine doses is not considered relevant. 

Comparing the antibody response between the two 
study populations, this study shows a consistent 
statistically significant difference for the A/Taiwan, but 
not for the A/Sichuan and B/Beijing antigens. The better 
response in the young for the B/Beijing antigen was 
attributed to the higher response values in one of the two 
young study centres (centre 1). Such strain differences 
in the effect of age and/or disease on the immune response 
may also have contributed to the heterogeneous picture 
which emerged from a literature survey on this subject ~ 1. 

Although various dose-response influenza vaccination 
trials have been published 25-37 and have shown relatively 
fiat dose-response curves, only a few of those studies 
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have been done in ambulatory elderly and nursing-home 
residents and these have shown inconsistent data 13-1s. 
Gross et al. 13, who studied the immune response of 
vaccine doses of 15-45/~g HA in ambulatory elderly 
subjects, did not find increasing antibody responses with 
increasing doses. 

Similar findings were reported by Peters et al. ~4, who 
compared the immune response of 15 and 60/~g HA of 
the B/USSR/100/83 antigen in non-institutionalized 
elderly. In contrast, Arden et al.:5, who also investigated 
the immune response following immunization with 15 
and 60 #g HA of the B/USSR/100/83 antigen, reported 
an improved antibody response in nursing-home 
residents. The differences between the studies by Peters 
et al. ~4 and Arden et al. ~5 are of interest, since both 
studied the same doses of the same antigen. Therefore, 
it is tempting to speculate that the differences in study 
results are due to differences in study populations, one 
being ambulatory elderly and the other nursing-home 
residents. If this were true, our data are in general 
agreement with Arden et al. 15, in that the seroresponse 
in nursing-home residents can be increased by increasing 
the dose for the B antigen in the vaccine. 

Our data suggest, however, that a major improvement 
can be achieved by increasing the dose to 20 #g HA and 
that only marginal further improvements can be achieved 
by a further dose increase, a finding which cannot be 
compared with those of Arden et  al., since they did not 
study doses between 15 and 60 #g HA. In contrast to 
Arden et al., who found a relatively rapid decline of the 
improved titre levels, we have no information on the 
duration of the improved immune response for the 
B/Beijing antigen, since no late serum samples were 
obtained in our study. 

For both influenza A antigens, our data do not yield 
compelling evidence to justify the expectation of 
improved vaccine efficacy for nursing-home residents, if 
the vaccine dose were increased to 60 #g HA, although 
our data were inconsistent for the A/Sichuan antigen. 

Although a total dose of 180 #g HA subunit vaccine 
was generally well tolerated by the young and elderly 
vaccinees in this study, a finding consistent with other 
reports ~3-15'3s and increased vaccine doses may yield 
some better immune responses in certain cases, the 
overall conclusion from our study is that the problem of 
the relatively low vaccine efficacy in nursing-home 
residents 7-9 against influenza infections cannot be 
adequately solved by increasing the vaccine dose, even 
up to levels of 60 #g HA/strain. Therefore, the current 
search for new promising alternative influenza vaccines 39''*°, 
such as adjuvants 41'42, liposomes '~3'44, ISCOMS 4s and 
CTB-conjugated vaccines 46 should be continued. Despite 
the need for more protective influenza vaccines for 
nursing-home residents, doubts concerning the capacity 
of the currently available vaccines to reduce influenza- 
associated morbidity and mortality are unjustified 3-6. 
There is evidence that much is to be gained if the existing 
vaccines are more widely used in nursing-home 
residents 47 as recommended by some public health 
authorities 4s. 
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