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Influenza mortality among the elderly in
France, 1980-90: how many deaths may have
been avoided through vaccination?

Fabrice Carrat, Alain-Jacques Valleron

Abstract
Study objectives - This study aimed to
assess total influenza mortality among the
elderly (.75 years old) in France, and to
evaluate how many deaths may have been
avoided through vaccination during the
past 10 years.
Design - The monthly mortality rates re-
lated to different causes among the eld-
erly were obtained from the national mor-
tality statistics for the period 1978-90. For
each cause, the proportion of the re-
gistered death rate attributable to in-
fluenza was estimated using time series
models. Each model analysed the re-
gistered death rate for the considered
cause as a linear function ofthe registered
influenza death rate for that month, the
secular trend, and the seasonal variations.
This yielded yearly regression coefficients
for influenza. Formulas were subsequently
developed to estimate the death rates
avoided as a result ofinfluenza vaccination
according to the level of vaccine coverage
and the hypothetical effectiveness of the
vaccine.
Main results - Between 1980 and 1990 re-
gistered influenza death rates ranged from
11-81 per 100 000. The number of deaths
attributable to influenza but registered as
resulting from another cause was up to
eight times the number of deaths re-
gistered as influenza. Total influenza death
rates were estimated as ranging from 28
per 100 000 (1988-89) to 482 per 100 00
(1985-86). At the same time it was es-
timated that the use of influenza vaccine
avoided from 7 per 100 000 deaths in
1981-82 to 697 per 100 000 deaths in 1989-
90, depending on the intensity of the epi-
demic, the vaccine coverage, and the
vaccine effectiveness.
Conclusions - These results support the
policy of promoting influenza vaccination
among the elderly.

(J7 Epidemiol Community Health 1995;49:419-425)

Elderly people are the main victims ofinfluenza
as far as mortality is concerned.''0 For ex-
ample, during the winter of 1989-90 in France,
88% ofthe death certificates registered as ICD9
487 (influenza) concerned people aged 75 years
or more. The diagnosis entered on the death
certificate is in general poorly validated, how-
ever, particularly with regard to influenza, where

the virology is generally unknown to the re-
porting physician. Influenza is certainly not
always recorded as the cause of death and
therefore estimates of the actual number of
deaths resulting from influenza require cal-
culations of mortality attributable to influenza
in other registered causes. 1-8 10
The fact that influenza vaccination reduces

the risk of severe medical complications and of
death among the elderly is now supported
by epidemiological evidence, despite estimates
of vaccine effectiveness ranging from 40%
to 90%,9111-6 depending on population sub-
groups, influenza virus, influenza vaccines, and
antigenic similarities between wild and vaccine
strains.

In recent years, a massive public health pro-
gramme of influenza vaccination for the elderly
has been adopted in France. Since 1985, the
National Social Security System has provided
all people aged 75 or more with free inactivated
trivalent vaccine. (In 1988, free vaccination
was extended to all people aged 70 or more
and to people suffering from seven underlying
chronic conditions.) Free vaccination has
also been offered to all those with immuno-
deficiency conditions, including AIDS, since
1990.) In 1991, 74% of the population aged
75 or more were vaccinated, mainly thanks to
a massive publicity campaign.

In this study we have used a statistical model
to assess total influenza mortality among the
elderly in France and to estimate how many
deaths have been avoided by influenza vac-
cination over the past 10 years.

Data and methods
DATA
The number ofdeaths per month among people
aged 75 years or more was obtained from the
French National Centre of Mortality Statistics,
(Service Commun 8, Institut National de la
Sante et de la Recherche Medicale). The period
studied was 1978-90. Monthly mortality rates
were computed for each cause of death based
on population estimates derived from the na-
tional censuses of 1975, 1982, and 1990. Table
1 presents the basic information on the causes
of death analysed. The ICD9 codes were se-
lected on the basis of conditions documented
as entailing the risk of death from influenza,
particularly respiratory and cardiovascular dis-
eases, diabetes mellitus, and chronic rental
failure.29 Deaths from lung cancer, breast can-
cer, and cirrhosis and deaths from unknown or
unspecified causes have also been considered.
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Table I Regzstered causes of death included in the analysis in subjects aged 75 years or more, France, 1978-90.

Causes of death Code number (ICD9) Mean death rates per (SD)
month (per 100 000)

Respiratory diseases:
Influenza 487 2-9 (5 9)
Pneumonia 480-486 17 2 (7 9)
Chronic obstructive pulmonary disease 490-492, 494, 496 19-4 (5 1)
Asthma 493, 495 2-2 (0 6)
Other respiratory diseases others between 460-519 19-8 (9 0)

Cardiovascular discases:
Chronic rheumatic disease 390-398 1 2 (0 3)
Hypertensive disease 401-405 9-8 (1-5)
Ischaemic heart disease 410-414 74-8 (9 8)
Other cardiopathy 415-425 14 2 (2-2)
Cardiac dysrhythmias 426, 427 19 8 (3 0)
Heart failure 428, 429 73 4 (15 3)
Cerebrovascular disease 430-438 110-5 (22-0)
Other heart diseases others between 440-459 29-7 (4 5)

Diabetes mellitus 250 10 8 (1-7)
Chronic renal failure 580-586 10 5 (2 4)
Lung cancer 162 13-4 (1-3)
Breast cancer 174, 175 8-3 (0 9)
Cirrhosis 571 0, 571 3, 571 5 4-4 (1-0)
Unspecified or unknown 780-799 53-3 (9-3)
Others:

Difference between total mortality and All minus previous 255-5 (19.6)
all previous listed causes

Total mortality All 751 1 (102 8)

Finally, we defined "others" as the difference
between total registered mortality rates and all
the previously enumerated death rates. This
aggregated variable represented a set of con-
ditions not known to entail the risk of death
from influenza.

Vaccine coverage data were obtained from
surveys on representative samples of the popu-
lation 75 years old or older during the winters
of 1981-82, 1982-83, 1983-84, 1986-87,
1988-89, and 1989-90 (unpublished data from
SOFRES/GEIG).
For epidemic purposes, each annual study

period was defined as beginning in October
and finishing in September.

METHOD
Estimation of the total influenza death rates
Let us consider the death rate from a given
cause (for example pneumonia), registered in
a given month (t), of a year (y). Our first
objective was to estimate the proportion of the
pneumonia death rate that might be at-
tributable to influenza.
General description. The estimation and testing
of a relationship between two variables is clas-
sically done by regression methods. In most
cases, these methods assume that the observed
data are realisations of independent random
variables. If data which arise in a time sequence
have to be analysed, however, consecutive ob-
servations may be dependent. A high monthly
mortality rate for a given cause is also more
likely to be high one month after or before
(positive autocorrelation).
Another problem arises when both variables

have some seasonal pattern in common. These
common features will act as a confounder and
will probably lead to a significant association
between the two variables. Such an association
cannot be interpreted as suggesting a direct
link between them, however, since it may only
reflect the seasonal pattern of a common pre-
disposing factor. Therefore, in these cases re-
gression methods must be adapted to make full
use of the time pattern of the variables while

giving correct estimates and test statistics. By
using the "Box-Jenkins" approach, it becomes
possible to assess the relations between two
time series (the registered pneumonia death
rate as the dependent variable and the re-
gistered influenza death rate as the explanatory
variable) by incorporating non-explanatory
statistical time series components in a re-
gression model (regression models with auto-
regressive integrated moving average (ARIMA)
errors). These models incorporated the tem-
poral modelled terms that dealt with serial
correlations of residuals, and the confounding
effects of trend and seasonality. It would not
be appropriate to include a detailed description
of the ARIMA models in this paper. Instead
the reader is requested to refer to various art-
icles,6 17-21 which summarise the approach or
give examples of its application. In the following
section an adapted regression model with AR-
IMA errors is briefly presented through the
example of pneumonia.
Detailed description. Let Yt denote the registered
pneumonia death rate in month t. This rate
was considered to be composed of two terms,

Y ,=X,+N, (1)

X, was the part which may be explained in
terms of the registered influenza death rate (It)
and N, was an error or noise process, which
describes the unexplained part of Y,. It was
assumed that Xt, which represents the part of
mortality attributable to influenza, was pro-
portional to I,:

XI= Pi, (2)

We have estimated a different ,B for each year
to account for the variability of the underlying
influenza epidemic. Equation (2) may be writ-
ten under its general form as:

xt = fj,,y with I,,Y = I, if tey; It, = 0 elsewhere
(3)

Then the final model was

t= yIt,y + N, (4)
and N, was described by an ARIMA process.
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Table 2 Example of results from regression model that included autoregressive integrated moving average errors: death rates attributable to influenza
and registered as pneumonia (ICD9 480-486).

Predicted pneumonia death rate (per 100 000)

Year* Parameter (SE) Registered Registered Total (95% CI) Attributable (95% CI) Unexplaine4 (95% CI)
estimates influenza pneumonia to influenza

(per 100000) (per 100 000)
(QtR\12 12 12 12 12
(fi-it

Y-~~~t=t=l" Xt,'t=

1980/81 0-38 (0-05) 81-2 156-3 147-2 (92,203) 30-7 (23,39) 116-5 (69,164)
1981/82 NS 16-1 135-9 131-4 (80,183) - 131-4 (80,183)
1982/83 0-28 (0-07) 57-0 161-6 157-1 (108,206) 16-1 (8,24) 141-0 (100,182)
1983/84 NS - 16-3 157-4 154-7 (106,203) - 154-7 (106,203)
1984/85 0-78 (0-13) 34-9 249-2 239-2 (191,287) 27-3 (18,36) 211-9 (173,251)
1985/86 1-14 (0 07) 53-9 306-2 302-8 (255,350) 61-7 (54,69) 241-1 (201,281)
1986/87 1-63 (0 50) 11-0 255-8 264-3 (217,311) 18-0 (7,29) 246-3 (210,282)
1987/88 1-30 (0 34) 14-5 251-2 253-0 (206,300) 18-9 (9,29) 234-1 (197,271)
1988/89 0-54 (0-21) 18-3 249-9 252-3 (205,299) 9-9 (2,17) 242-4 (203,272)
1989/90 0-59 (0-05) 68-9 271-9 277-2 (230,324) 40 7 (34,47) 236-5 (196,277)
* Each yearly period began in October and finished in September.
t Signs indicate predicted values.
* Unexplained part (noise process) was modelled with multiplicative moving average model of order 1 (parameter= 0-69 (0-07)) and 12 (parameter= 0-84 (0- 12)).

The parameters were estimated by using the
maximum likelihood method22 with the AR-
IMA procedure of the SAS/ETS software, and
t tests were calculated. The models were chosen
on the basis of minimum residual error vari-
ance. The validity of the regression models was
assessed by graphical residual analysis and by
goodness of fit tests.23
The yearly death rate from the given cause

(pneumonia) which can be attributed to in-
fluenza in year y was given by:

12

t=l

(if 3y was significantly different from zero).
The yearly total influenza death rates were

defined as the sum ofyearly registered influenza
death rates and the yearly rates for all other
deaths attributable to influenza.

Estimation of the death rates avoided through
vaccination
To evaluate the impact of the vaccination pro-
gramme on mortality, different values of vac-

cine effectiveness ranging from 40% to 90%
were used. These values were the minimum
and maximum ones found in studies covering
vaccine effectiveness on mortality among the
elderly."'-3"56 Assuming that the attack rate
of deaths from influenza among unvaccinated
subjects does not depend on the level ofvaccine
coverage, we have estimated the death rates
avoided through vaccination by the formula

d0pVE
(l-p VE)

(see Appendix), where do is the registered or
total influenza death rate in a given year, p is
the vaccine coverage that year, and VE is the
vaccine effectiveness.

Results
During the period 1980-90, the registered in-
fluenza death rates ranged from 11 per 100 000
in 1986-87 to 81 per 100 000 in 1980-81 (table
2). There were five high influenza mortality
years: 1980-81, 1982-83, 1984-85, 1985-86
and 1989-90.

Table 3 Yearly influenza (ICD9 487) death rates (per 100 000) and yearly death rates (per 100 000) attributable to influenza for other causes of
death among those aged 75 years or more, France 1980-90*

1980181 81/82 82/83 83/84 84/85 85186 86/87 87/88 88/89 89/90

Size of the population 3177 3249 3325 3401 3479 3546 3616 3701 3786 4154
(x 1000)

Total mortality rates 9776 9342 9589 9226 9239 9254 8560 8430 8351 7829
Registered influenza death
rates 81-2 16-1 57-0 16 3 34-9 53-9 11-0 14-5 18-3 68-9

Registered causes of death Death rates attributable to influenza (95% CI)

Pneumonia 30-7 (23,39) -t 16-1 (8,24) - 27-3 (18,36) 61-7 (54,69) 18-0 (7,29) 18-9 (9,29) 9-9 (2,17) 40-7 (34,47)
Chronic obstructive
pulmonary disease

Asthma
Other respiratory diseases
Hypertensive disease
Ischaemic heart disease
Cardiac dysrhythmias
Heart failure
Cerebrovascular disease
Other heart diseases
Diabetes mellitus
Chronic renal failure
Lung cancer
Undefined and unknown
Others

20-8 (13,29) - 12-5 (7,18)
3-0 (2,4)

30-3 (21,40) - 39-3 (30,48)

14-7 (4,26) - 19-6 (9,31)
8-3 (5,11) - 13-0 (10,16)

47-2 (31,63) - 24-7 (10,40)
37-5 (19,56) 25-9 (8,43)

- 7-5 (4,11)

6-4 (4,8) 10-7 (9,13) 5-7 (4,8)
- 8-3 (2,14) -

28-2 (16,40) - 21-1 (8,34)
58-6 (28,89) 49-2 (20,79)

33-3 (16,51)

8-5 (1,16)

68-1 (8,128)

19-8 (14,26)

17-1 (7,27)
3-8 (1,7)

27-2 (15,39)
8-6 (5,12)

42-3 (26,59)
46-7 (27,66)
4-6 (1,8)

6-2 (4,8)

26-4 (13,40)
55-2 (22,89)

35-9 (30,41)
3-0 (2,4)

19-5 (11,28)
4-9 (2,8)

39-7 (29,51)
15-1 (12,18)
48-3 (34,63)
59-0 (42,77)
5-7 (2,9)
6-2 (3,9)
7-3 (6,9)
3-5 (0,7)

40-7 (30,51)
77-1 (49,105)

- 14-8 (1,29) -
9-8 (5,14) - -

2-6 (0,5) - -

- 44-1 (6,83) -

Total influenza death rates 366-9 (247,486) 35-1 (27,43) 291-6 (175,409) 126-2 (38,211) 320-1 (188,452) 481-5 (360,603) 41-4 (23,59) 92-3 (31,156) 28-2 (20,35) 378-8 (270,492)

Total no of influenza deaths
(x 1000) 11-7 (8,15) 1-1 (0-9,1-4) 9-7 (6,14) 4-3 (1,7) 11-1 (7,16) 17-1 (13,21) 1-5 (1,2) 3-4 (1,6) 1-1 (0-8,1-3) 15-7 (11,20)

* Each yearly period began in October and finished in September.
t Non significant regression coefficient.
t Difference between total mortality rates and all the other listed causes of death in Table 1.

33-1 (28,38)
3-8 (3,5)

22-3 (15,30)
6-0 (4,9)

29-8 (20,40)
9-0 (7,11)

23-2 (10,37)
21-0 (3,39)
8-7 (6,12)
5-6 (3,9)
4-6 (3,7)
3-4 (1,6)

22-1 (11,33)
76-6 (53,100)

- - 1- -1- -1 . -
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Figure 1 Death rates attributable to influenza and registered as pneumonia among
people aged 75 years old or more, France, 1980-90. Example of the best fitted regression
model with ARIMA errors. (----)Registered death rates; (upper ) predicted death
rates; (lower ) predicted in the absence of influenza (unexplained part of the
pneumonia death rates). The grey areas represent the part of the pneumonia death rate
attributable to influenza.

ESTIMATION OF THE TOTAL INFLUENZA DEATH
RATES
Table 2 gives an example of the best fitted
regression model for the pneumonia death rate.
The noise process (the unexplained part of
pneumonia death rate) was modelled with a
multiplicative moving average process of orders
1 and 12. Predicted values of pneumonia death

Table 4 Estimates of the registered influenza death rates per 100 000 (ICD9 487)
avoided through vaccination among the elderly (da) for different rates of vaccine
effectiveness

Vaccine effectiveness

40% 60% 80% 90%
Year d pP da d, da da

1981/82 16 1 043 3-3 5-6 8-4 102
1982/83 57 0 0 49 13-9 23-7 36-8 45 0
1983/84 163 0-58 4-9 8-7 14-1 17-8
1986/87 11 0 0-60 3-5 6-2 10-2 12 9
1988/89 18 3 0-66 6-6 12.0 20-5 26-8
1989/90 68-9 0-72 27-9 52-4 93-6 126.8

df,:registered influenza death rates (/100 000); p: vaccine coverage.

rates and death rates attributable to influenza
with 95% confidence intervals are presented.
From October 1989 to September 1990, the
registered pneumonia death rate was 272 per
100 000 of which 41 deaths per 100 000 were
attributed to influenza. Figure 1 shows the
registered influenza death rate and the observed
pneumonia death rate (dotted lines) with the
fitted regression model (upper continuous
lines). The grey areas represent the mortality
attributable to influenza that has been re-
gistered as due to pneumonia. Residuals from
the regression model with ARIMA errors are
presented below. Four other examples ofgraphs
of monthly registered death rates and the fitted
regression models are given in figure 2. It is
evident that the fits between the registered
mortality rates and those predicted by the mod-
els are close, although the fit seems to be slightly
better for pneumonia than for other causes.
The same method has been applied to the

models of all the causes of death considered.
Only one of the models (for chronic obstructive
pulmonary disease (COPD)) yielded a mean
of the residuals significantly different from zero
(mean = -0-28; p = 0 046). The inclusion of a
constant term in the regression equation for
COPD corrected this problem, but did not
affect either the estimates attributable to in-
fluenza death rates or the goodness of fit tests.
Since the constant term added was itself not
significantly different from zero, we decided to
keep the original model for COPD.
The number of deaths attributable to in-

fluenza ranged from 0-5 (1988-89) to 8-2
(1984-85) times the number of deaths re-
gistered as due to influenza alone (table 3).
Detailed examination showed that deaths at-
tributable to influenza were especially im-
portant for respiratory diseases, cardiovascular
diseases, and chronic renal failure, but less so
for diabetes mellitus and lung cancer. No
deaths attributable to influenza were found for
breast cancer or cirrhosis. The absence of cases
found in chronic rheumatic disease, however,
seems more surprising. If we focus on the five
years of high mortality, between 23% and 32%
of the deaths attributable to influenza were
registered as deaths from lung diseases, 31%
to 47% as deaths from heart disease, and 11 %
to 13% from other conditions documented
as entailing the risk of death from influenza.
Similarly, 7% to 10% of deaths attributable to
influenza were found in unspecified or un-
known causes, and 18% to 25% in "others"
(difference between total mortality and all other
causes listed in table 1). The total influenza
death rate was finally estimated to be between
28 per 100000 and 482 per 100000, ac-
counting for 0-3 to 5-2% of the total mortality
among people 75 years old or more.

ESTIMATION OF THE DEATH RATES AVOIDED

THROUGH VACCINATION
If we consider only the registered influenza
deaths, the death rate avoided through vac-
cination varied from 3 per 100 000 to 127 per
100 000 (table 4). When taking into account
all the deaths attributable to influenza, the
number of deaths avoided may have ranged
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Figure 2 Monthly death rates among people aged 75 years old or older, France,
1980-90. (--)Registered; (upper ) predicted with a regression model including
ARIAMA errors; (l,ower-)predicted in absence of influenza. The grey areas repres
part of the death rate attributable to influenza.

Table S Estimates of the total influenza death rates per 100 000 (including death,
reported as influenza) avoided through vaccination among the elderly (d,) for diffei
rates of vaccine effectiveness

Vaccine effectiveness
40% 60% 80% 90%

Year d. p di. d . di.
1981/82 35-1 0.43 7-3 12-2 18-4 22-
1982/83 291.6 0-49 71.1 121.4 188-0 230.
1983/84 126-2 0-58 38-1 67-4 109-2 137.
1986/87 41-4 0-60 13.1 23.3 38-2 48.
1988/89 28.2 0-66 10-1 18-5 31-5 41-
1989/90 378.8 0-72 153.2 288-1 514-6 697-

d.:total influenza death rates (/100 000); p: vaccine coverage.

ESTIMATION OF THE TOTAL INFLUENZA DEATH

-. RATES
Our results indicate that between 1000 and
17000 elderly people died from influenza each
year in France. Most of these deaths were not
registered as being caused by influenza but
rather as a result ofother underlying conditions.

Estimation of the total influenza death rates

1"ItJ
relies on the prior hypothesis that a proportion
of the various registered death rates in the
elderly (for example the pneumonia death rate)
may be attributed to influenza, especially dur-
ing the peak of registered influenza mortality.
We could not, however, exclude the possibility
that a confounding factor, such as a meteoro-

- .logical or environmental factor, may have acted
simultaneously on the death rates creating sim-

--'- ultaneous increases in the number of influenza
and pneumonia deaths. If so, it would not be
possible to determine whether a death re-
gistered as pneumonia that occurred during a
peak of mortality should be attributed to the
confounder or to influenza (which, in this case,
would itself be attributed to the confounder).

I Nevertheless, we believe that it is unlikely that
- .a confounder could explain the link between

registered influenza and other registered causes
of death. There are no known meteorological,
environmental, or other factors that could ex-
plain increases in mortality above the seasonal
level over periods of two to four months. On
the contrary, there is evidence of striking sim-
ilarities in the form, the amplitude, and the
periods of these increases with those of the
registered influenza mortality (see for example

sent the fig 1 in 1981-82, 1986-87, or 1989-90). It
would also be difficult to hypothesize that a
confounder could have led to the same bias in
other distant countries in which similar results
in mortality not registered as influenza but
attributable to this illness were reported during
documented influenza epidemics.'578 10
Two types of method have been used in

rent other studies to estimate the total influenza
mortality. The first is based on computing
the number ofdeaths observed above a seasonal
baseline which coincides with influenza epi-
demics (the so called "excess mortality"). In

.2 these studies, influenza mortality rates in people

.0 65 years or older have been found to range

.8 frm2peI 000t 8peI 000drn.6 rm2 e 0 0o10pr1000drn

.3 epidemics."'5 Our findings suggest higher mor-
.3 tality rates, possibly because we have studied

an older age group and because our estimates
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include baseline mortality rates and take the
whole year into account. The second method
for estimating influenza mortality relies on cal-
culating deaths that are not registered as being
caused by influenza but are attributable to
influenza using regression models.478 10 We
have developed a regression method that in-
corporates time series components to eliminate
the possibility of spurious regression coefficient
results caused by time trend, seasonality, or
serial correlation among the residuals.

In our analysis, the greatest proportion of
death rates attributable to influenza was mainly
found in the most commonly encountered cat-
egories of high risk disease. Patients with
chronic pulmonary, cardiac, or renal diseases
and those with diabetes or other endocrine
disorders and conditions treated with im-
munosuppressive agents are more likely to die
from influenza.29 Moreover, it has been shown
in several studies of mortality statistics that
influenza has been the cause of death for these
underlying chronic conditions, particularly res-
piratory and cardiovascular diseases. 1 3 4 78 10
An average annual death rate attributable to
influenza in respiratory and cardiovascular dis-
eases of 140 per 100 000 has been reported in
people aged 70 or more between 1967 and
1982 in The Netherlands.7 In the epidemic
which occurred in the winter of 1989-90 in
England and Wales, the number of deaths at-
tributable to influenza was nine times the num-
ber of deaths registered as caused by influenza,
and accounted for 20 000 deaths among people
aged 75 and more.8 In the same year in The
Netherlands, the number of attributable in-
fluenza deaths in people aged 70 or more was
over three times greater than the number of
deaths registered as being caused by influenza,
and the total influenza death rate was 235 per
100000.10 Of the non-registered cases, 45%
were reported as deaths from heart disease,
25% from lung disease, and 30% from other
diseases.
Our findings agree with these results. How-

ever, there are still many deaths attributable to
influenza but associated with conditions not
known to entail the risk of death from influenza
("others" or "undefined"). The proportion is
30% if we focus on years when registered in-
fluenza deaths were high. Because age itself
increases the risk of dying from influenza,
deaths attributable to influenza are probably to
be expected among elderly people, whatever
their underlying condition might be. It is also
the case that many other underlying conditions
may contribute to misclassification and in-
crease the risk of death from influenza, as, for
example, neurological diseases, which were not
specifically analysed in our study. These deaths
may have been misclassified because of the
incomplete information supplied by the physi-
cians filling in death certificates.

ESTIMATION OF THE DEATH RATES AVOIDED

THROUGH VACCINATION
As a second objective of our analysis, we have
developed formulas to estimate the death rates
avoided through vaccination. An important as-

sumption in our analysis was that the attack
rate among unvaccinated subjects did not de-
pend on vaccine coverage. Although there are
no data to suggest differences in attack rates
in unvaccinated individuals for various levels
of vaccine coverage, there is evidence that the
ratio of high risk subjects may be greater
among vaccinated people compared with
unvaccinated. 416 It is likely also that an increase
in vaccine coverage would result in a decrease
in the number of infectious subjects, leading
to a decrease of the probability of infection for
an unvaccinated individual.2425 Thus, in the
absence of vaccination (that is, vaccine cov-
erage equal to zero) the true number of deaths
would be greater than the theoretical estimate
provided from constant attack rates among the
unvaccinated. This would result in under-
estimations of the death rates observed in the
complete absence of vaccination and of the
true death rates avoided through vaccination.
Nevertheless, even with a low vaccine effect-
iveness (40%), our results suggest that a large
number of influenza deaths have been avoided
each year. This number is much larger when
all deaths attributable to influenza are included.
This study provides public health decision

makers with a method of evaluating the effi-
ciency of preventive strategies, whatever the
estimated effectiveness of the vaccine might be.
The computation of the rate of avoided illness
may be applied to various preventable diseases
and epidemiological measures (complications,
morbidity or economic data). Note for ex-
ample, that the same reduction in the number
of deaths (half the number observed) might be
expected with a vaccine coverage of 50% and
a vaccine efficacy of 66 7% as with a vaccine
coverage of 80% and a vaccine efficacy of
41 7%. Moreover, an increase in the vaccine
coverage from 50 to 60% would have resulted
in a 5% reduction of the number of deaths
observed for a vaccine effectiveness of 40%
(equation 5 of the appendix), whereas a 13%
reduction would be expected for a vaccine
effectiveness of 80%.
As for the influenza vaccine, our results in-

dicate that the death rate avoided through vac-
cination depends largely on the intensity of the
underlying epidemic (1981-82 compared with
1989-90). Since forecasting methods are not
yet available to predict the size of the next
epidemic, it is impossible to estimate in advance
the future number of avoidable deaths. Hence,
the death rate avoided through vaccination may
seem relatively low despite the vaccination pro-
gramme, particularly if it is compared with
the total mortality in this elderly population.
However, during the six years for which vaccine
coverage data were available, the yearly
average number of deaths avoided was at least
equal to 1850 (vaccine effectiveness = 40%). In
our study we did not take into account the
benefits of influenza vaccine in terms of the
prevention of complications and admissions to
hospital.'126 We believe that these results
should help to promote annual vaccination
among the elderly, while encouraging the de-
velopment of still more effective influenza vac-
cines.
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Appendix
Vaccine effectiveness (VE) is usually defined
by VE = 1- ARV/AR,,4 where AR, and AR, are
the attack rates of mortality in vaccinated and
unvaccinated subgroups respectively.
Let,
* N, be the population subgroup size,
* nu, be the unvaccinated subgroup size,
* n5, be the vaccinated subgroup size,
* p, be the vaccine coverage (N p = n,; N
(1 -p) =n.),
* d0o be the registered to total influenza death
rate.
Then,

d _ (ARU nu + AR. nv)
(n.+n )

replacing
obtain

_AR, (n +(I-VE) nj)
(n. + nj)

nv/nfu = p/(1 - p) and simplifying we

do=ARu(1-VEP) (2)
We assume that the attack rate among the
unvaccinated does not depend on the level of
vaccine coverage, and then, in the absence of
vaccination, the death rate is simply equal to
ARu.
The death rate avoided thanks to vaccination
(da) is given by:

da =ARu-do (3)

do
(1-VE p)

(4)
doVEp
(1-yE p)

It can easily be shown that the change of the
death rate (A0) in a given year according to
the change of the vaccine coverage (A,), may

be estimated by:

-do
VEAp

(1-VEp)
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