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Abstract

Purpose Evaluation of the severity of pandemic influenza
requires reliable estimates of mortality attributable to the
seasonal influenza.

Methods Excess age-specific mortality during periods of
influenza activity was evaluated in Israel during the period
1999-2006 for three death categories. For each respiratory
year, the lowest monthly moving average for the mortality
rate was subtracted from each month in the period of
influenza activity. Average mortality rates in years with
minimal influenza activity were deducted from corre-
sponding months to exclude winter mortality unrelated to
influenza. The sums of these results were used as estimates
of excess mortality rates.

This study was conducted at the Israel Center for Disease Control,
Israel Ministry of Health, Tel Hashomer.
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Results  Overall excess mortality rates ranged from 7.7 to
36.1 per 100,000 for all causes, and from 4.4 to 24.4 per
100,000 for respiratory and circulatory causes. Influenza
was associated with an average of 869 (range 280-1,516)
deaths annually from respiratory and circulatory diseases
during seasons with significant influenza activity. About
90% of the influenza-associated mortality from respiratory
and circulatory diseases was in the age group 65+ years
and about 1% in the age group <50 years. The age group
<50 years accounted for an annual average of seven deaths
from respiratory and circulatory diseases.

Conclusion Annual mortality associated with seasonal
influenza is highly variable. Under the age of 50 years,
there is minimal seasonal influenza associated mortality.
This information provides an important baseline for eval-
uating the severity of the A(HINI1) 2009 influenza pan-
demic, where persons under 50 years of age were often
disproportionately represented.

Keywords Influenza - Mortality - Season - Age-specific -
Israel
Introduction

The A(HINT) 2009 influenza pandemic brought into focus
the need for reliable estimates of mortality associated with
seasonal influenza in order to be able to assess the potential
impact of the pandemic. Several factors need to be
accounted for when such estimates are being made. The
diagnosis of influenza is usually based on typical symptoms
and signs, rather than laboratory confirmation [1], and
other viruses may ultimately be the causative agent, such as
respiratory syncytial virus [1-4]. Furthermore, since death
from influenza frequently results from secondary bacterial
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pneumonia or a general deterioration due to pre-existing
cardio-respiratory diseases [1, 5-7], the preceding influ-
enza-like-illness either is not suspected as an underlying
cause of death or is simply not mentioned on the death
notification. As a consequence, estimates of influenza-
associated mortality have usually been made on the basis of
excess mortality from all-causes, respiratory and circula-
tory diseases, or pneumonia and influenza [1, 2, 8-11]. The
use of these surrogate measures can be confounded by
excess mortality that tends to occur during the colder
months of the year [12], in particular for deaths from
respiratory and cardiovascular diseases, which may result
from extreme climatic conditions or changes in tempera-
ture [13, 14].

In the USA, seasonal influenza-associated mortality
rates, based on excess deaths due to respiratory and cir-
culatory causes during periods of influenza activity
(1990-1999), have been estimated to range from 6.8 to
19.1 per 100,000 per year, with an average of 13.8 [1]. This
translates into an average of about 36,000 deaths per year.
Estimates from other countries have varied according to the
underlying cause of death chosen (all-causes, respiratory
and circulatory diseases, or pneumonia and influenza cau-
ses of deaths). The estimate was similar in Hong Kong,
where the average annual excess death rate associated with
influenza was estimated at 12.4 per 100,000 based on
cardio-respiratory conditions [2].

To the best of our knowledge, estimations of influenza-
associated mortality have not been reported from arid and
semi-arid countries, such as those in the Middle East. In
addition, there is a need for more data on excess mortality
rates in younger people, in view of the higher mortality
rates observed in the younger age groups during the
current A(HIN1) 2009 influenza pandemic [15]. The
mortality data in Israel are essentially complete, and the
sentinel clinics, together with sophisticated laboratory
support, allow for reliable surveillance for influenza.
Thus, there is a sound basis for estimating mortality
associated with influenza. The purpose of the study
reported here was to estimate the mortality attributed to
seasonal influenza and to provide the basis for comparison
with pandemic influenza.

Methods

Mortality data

Death notifications in Israel include demographic details,
place and time of death, and immediate and contributory
causes of death. The underlying cause of death is coded by

the Central Bureau of Statistics (CBS). For this study,
national monthly mortality data were obtained from the

@ Springer

CBS. During the period under study, 1999-2006, the tenth
revision of the International Classification of Diseases
(ICD-10; National Center for Health Statistics, Hyattsville,
MD) was used.

Laboratory data

In November 1996, a network of sentinel clinics was added
to the influenza surveillance network, which has been
existed since 1970°, by the Israel Center for Disease
Control (ICDC) together with the National Influenza
Center [16, 17]. Between October and April, swabs are
routinely taken from a sample of cases with influenza-like
illness (ILI) from the sentinel clinics and transported to the
laboratory for virus isolation, typing, and sub-typing.

Statistical analysis

A respiratory year was defined as beginning on July 1 and
ending on June 30 of the following year [1, 18]. For each
year, the beginning of the period of influenza activity was
defined by the month in which >10% [9] of the swabs were
positive for influenza in 2 consecutive weeks. The end of
the period was defined by the month in which <10% of the
swabs were positive for influenza in 2 consecutive weeks
or until the end of the surveillance period (in the case the
positive sample rates were still >10%). Two weeks were
added to the end of this period to include delayed deaths
due to influenza. Since monthly mortality data were used,
whole months were included, regardless of the number of
weeks with influenza activity.

For each respiratory year in the study, we calculated
total and age-specific excess mortality rates (number of
deaths per 100,000 inhabitants) during the periods of
influenza activity for three causes of death categories: all-
causes, respiratory and circulatory (ICD-10 codes 100-199,
JO0-J99) and deaths caused by influenza and pneumonia
ICD-10 codes: J10-J18). The three age groups were: 0—49,
50-64, and >65 years. These three age groups were chosen
due to a small number of deaths in the younger population
and to adjust to the vaccination policy in Israel. The
denominators used were the mean population sizes in each
calendar year. For calculating rates for the respiratory year,
we used an average of the two means of the populations
that constructed each season.

Excess mortality rates during periods of influenza
activity were calculated for each death category as follows:

a; = mortality rate during the jth month for the influenza
period in the ith respiratory year
b; = moving average mortality rate in the months with

the lowest mortality rates in the ith respiratory year
using 1 month prior to and 1 month following this
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month (if more than 1 minimum month was observed,
the first was arbitrarily chosen)
¢; = average mortality rate difference (a;; —b;) for the jth
month in respiratory years with little influenza
activity. Little influenza activity was defined as a
season in which influenza isolations and ILI were
below multi-year average
= excess mortality rate for the jth month in the ith
respiratory year

Ly

The excess mortality rate for the ith respiratory year was
then calculated as:

LE; = X(ay — bi — ¢;)

For each season, the 95% confidence intervals (95% CI)
were calculated for the excess mortality using standard
errors with normal approximation.

Results

The period of influenza activity in each respiratory year
was found to be between December and April for seasons
1999-2002 and 2004-2005, and between October and
February for 2003-2004. In most of the influenza sea-
sons (1999-2000, 2001-2002, 2003-2004, 2004-2005),
A(H3N2) was the dominant circulating subtype, except for
season 2000-2001, during which A(HIN1) was the domi-
nant circulating subtype. Since the influenza activity was
extremely low in seasons 2002-2003 and 2005-2006, these
years were chosen to represent excess winter mortality
unrelated to influenza. In these seasons, the small amount
of influenza reported was largely due to the influenza B
subtype.

The estimated excess mortality rates and number of
deaths according to cause of death associated with influ-
enza activity for each respiratory year of the period studied
and for all ages are shown in Table 1. The excess mortality

rates from all-causes ranged between 7.7 (95% CI 5.9-9.4)
and 36.1 (95% CI 30.4—41.8) per year, with an average of
21.2 (Table 1). This translated into 488-2,242 deaths, with
an annual average of 1,386 deaths. The excess mortality
rates per respiratory year from respiratory and circulatory
diseases ranged from 4.4 (95% CI 3.8-5.0) and 24.4 (95%
CI 21.5-27.4), with an average of 13.3. The excess number
of deaths per respiratory year was between 280 and 1,516,
with an annual average of 869 deaths. For pneumonia and
influenza deaths, excess mortality rates were between —(0.2
(95% CI —0.3 to —0.1) and 1.4 (95% CI 1.0-1.8), with an
average of 0.6. The excess number of deaths per respiratory
year ranged between —13 and 87, with an average of 37
deaths.

In most of the years, excess influenza-associated mor-
tality rates were the highest among the elderly (age >65
years) (Table 2). The estimated excess rates from all-cau-
ses in the age group <50 years were between —0.08 and
4.3, with an average of 1.4. This translated into an average
of 71 deaths (range —44 to 210). For the 50- to 64-year age
group, excess rates from all-causes were between 9.3 and
34.2, with an average of 23.8 (translated into an average of
194 deaths, range 80-305), and among the oldest age group
(=65 years), these were between 45.3 and 292.8, with an
average of 190.4 (translated into an average of 1,230
deaths, range 282-1,894).

The average age-specific influenza associated mortality
rates and number of deaths from respiratory and circulatory
diseases by age group are presented in Fig. 1. Excess
mortality rates from respiratory and circulatory diseases
were: (1) in the 0- to 49-year age group, between —0.5 and
0.4, with an average of 0.14 (translated into an average of 7
deaths, range —25 and —19); (2) in the 50- to 64-year age
group, between 1.9 and 13.9, with an average of 7 (trans-
lated into an average of 58 deaths, range 15-124); (3) in the
oldest group, between 47.3 and 216.4, with an average of
119.9 (translated into an average of 772 deaths, range
295-1,316).

Table 1 Estimated excess death rates (per 100,000) and number of deaths during periods of influenza activity from all-causes, respiratory and
circulatory diseases, and pneumonia and influenza for all ages by respiratory year

Respiratory Excess death rate Excess death rate from Excess death rate from
year” from all-causes respiratory and circulatory diseases pneumonia and influenza
1999-2000 36.1 (30.4-41.8) [2,242] 24.4 (21.5-27.4) [1,516] 1.4 (1.0-1.8) [87]
2000-2001 7.7 (5.9-9.4) [488] 4.4 (3.8-5.0) [280] —0.2 (=0.3 to —0.1) [-13]
2001-2002 13.5 (9.9-17.0) [876] 7.1 (4.8-9.4) [461] 0.2 (—0.1 to 0.5) [12]
2003-2004 18.6 (15.9-21.2) [1,253] 10.6 (8.8-12.4) [717] 0.4 (0.3-0.5) [26]
2004-2005 30.2 (24.9-35.5) [2,072] 19.9 (17.1-22.8) [1,369] 1.1 (0.7-1.5) [74]

Average 21.2 (10.9-31.5) [1,386] 13.3 (5.8-20.8) [869] 0.6 (0-1.2) [37]

Data are presented as the death rate (number of deaths per 100,000 inhabitants), followed by the 95% confidence interval (in round parenthesis)

and by the number of deaths (square brackets)

* Not including the respiratory years 2002-2003 and 2005-2006 with the lowest winter influenza activity
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Table 2 Estimated excess death rates (per 100,000) and number of deaths during periods of influenza activity from all-causes, respiratory and
circulatory diseases, and pneumonia and influenza by age group and respiratory year

Respiratory Age Excess death Excess death rate from Excess death rate from
year group rate from all cause respiratory and pneumonia and influenza
(years) circulatory diseases
1999-2000 049 4.3 (3.8-4.8) [210] 0.4 (0.3-0.4) [18] —0.06 (—0.09 to —0.03) [—3]
50-64 18.0 (12.7-23.3) [132] 10.7 (8.8-12.6) [78] —1 (—1.6 to —0.4) [-7]
65+ 292.8 (241.3-344.3) [1,780] 216.4 (188.3-244.5) [1,316] 12.4 (9.0-15.8) [75]
2000-2001 0-49 —0.08 (—0.54 to 0.39) [—4] 0.2 (0.1-0.4) [11] 0.06 (0.008-0.12) [3]
50-64 23.4 (21.0-25.9) [180] 2.4 (0.5-4.2) [18] —0.4 (=0.6 to —0.2) [-3]
65+ 45.3 (33.5-57.2) [282] 47.3 (44.7-49.9) [295] —2.6 (—3.8to —1.4) [-16]
2001-2002 049 1.2 (0.8-1.7) [63] 0.4 (0.3-0.5) [19] —0.01 (—=0.03 to 0) [—0.6]
50-64 34.2 (29.9-38.4) [274] 1.9 (—0.2 to 4.0) [15] —0.07 (=0.4 to 0.3) [-0.6]
65+ 184.6 (150.0-219.1) [1,180] 62.7 (41.3-84.1) [401] 3.0 (0.5-5.5) [19]
2003-2004 0-49 —0.8 (—1.2 to —0.5) [—44] —0.5 (0.6 to —0.4) [-25] —0.04 (—=0.06 to —0.03) [-2]
50-64 9.3 (6.2-12.3) [80] 6.3 (4.5-8.1) [54] 0.7 (0.5-1.0) [6]
65+ 151.6 (128.8-174.3) [1,014] 91.9 (76.0-107.8) [615] —4.5 (=5.4 to —3.5) [-30]
2004-2005 049 2.5 (1.9-3.0) [131] 0.2 (0.1-0.3) [11] 0.1 (0.1-0.2) [7]
50-64 34.2 (32.3-36.0) [305] 13.9 (12.3-15.5) [124] —0.4 (0.6 to —0.2) [-3]
65+ 277.9 (230.0-325.7) [1,894] 181.1 (154.4-207.7) [1,235] 9.7 (5.9-13.4) [66]
Average 049 1.4 (—1.1 to 4.0) 0.1 (0.3 to 0.6) 0.07 (0.01-0.14)
50-64 23.8 (10.5-37.1) 7.0 (0.5-13.5) —0.21 (-0.99 to 0.57)
65+ 190.4 (65.2-315.7) 119.9 (27-212.8) 3.61 (—5.55 to 12.77)

Data are presented as the death rate (number of deaths per 100,000 inhabitants), followed by the 95% confidence interval (in round parenthesis)

and by the number of deaths (square brackets)

Not including the respiratory years 2002-2003 and 2005-2006 with the lowest winter influenza activity
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Fig. 1 Average annual number (rate) of influenza-associated deaths
from respiratory and circulatory diseases by age during seasons with
significant influenza activity

Most of the excess deaths from respiratory and circu-
latory diseases associated with influenza were observed
among the elderly aged >65 years (average 89.9%, range
85.8-100%); in comparison, only 6.3% on average was
observed among the 50- to 64-year age group. The excess
number of deaths in the age group <50 years of age was
negligible (average 1.35%, range —3.5 to 4.2%).

Of the total deaths (17,575), almost 5% (4.9%) on
average (range 1.7-8.5%) was attributed to excess deaths
from respiratory and circulatory diseases associated with
influenza (all ages combined). In the age group <50 years,
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6.9 excess deaths from respiratory and circulatory diseases
were calculated, representing an average excess of 0.4%
(range —1.6 to 1.1%) of the total deaths in this age group
(1,683.2). In the age group 50-64 years, 58.1 excess deaths
were calculated, representing an average excess of 2.97%
(range 0.8-6%) of the total deaths (1,951.6). Among the
elderly (>65 years), the average excess was 5.5% (range
2.3-9.3%) (772.2 excess deaths and 13,940.6 total deaths
in this age group).

Discussion

We found that, over the years surveyed, the estimated
excess mortality rates during influenza epidemics varied by
a factor of approximately 5 between respiratory years.
However, the averages were remarkably similar to those
reported for the USA [1]. Our estimates of 21.2 per
100,000 for all-causes, 13.3 for respiratory and circulatory
diseases, and 0.6 for pneumonia and influenza are com-
parable to those of Thompson et al., who reported rates of
19.6, 13.8, and 3.1 respectively. The excess mortality
varied markedly by age group, with most of the excess
mortality observed in the elderly. For respiratory and cir-
culatory diseases in the age group >65 years, the average
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for Israel was 119.9 compared with 98.3 per 100,000 in the
USA, and in the 50- to 64-year age group, our average was
7 compared with 7.5 per 100,000 in the USA [1].

Since influenza can cause death directly through viral-
induced acute respiratory distress syndrome (ARDS),
complications from secondary infections, or by decom-
pensation in patients with underlying chronic diseases [6],
influenza-associated mortality is underestimated using the
influenza and pneumonia diagnosis alone, as suggested by
Thompson et al. [1]. It has been reported in Switzerland
that the use of official influenza deaths underestimates the
true influenza-related mortality by a factor of 2-3 among
elderly aged >60 years [19]. On the other hand, the use of
all-cause mortality may yield overestimates by including
deaths not caused by influenza, as also suggested by
Thompson et al. [1]. Thus, the use of deaths related to
respiratory and circulatory diseases appears to provide the
most reliable estimate [1]. The Centers for Disease Control
and Prevention in the USA have adopted estimates for
influenza-associated mortality based on excess deaths due
to respiratory and circulatory causes [20].

Between-country comparisons of excess death rates
based on all-cause mortality has some advantages since
they are not dependent on death notification coding choices
and physician behavior in completing the death notifica-
tions. Average annual excess death rates from all-causes
during influenza epidemics in five countries have been
reported to vary between 7.8 and 26 per 100,000 [1, 2, 10,
11, 21]. Some of these differences between countries may
reflect differences in the extent of influenza morbidity as
well as differences in vaccination coverage [22]. In most
countries, the vaccine is given largely to the elderly and
those with underlying chronic diseases, which may have
attenuated the mortality rates. In addition, it has been found
that during pandemic seasons, a high proportion of deaths
occur among persons <65 years of age. However, during
the immediately following epidemics seasons, deaths in
this age group decline, suggesting long-term protection
[23]. Thus, there appears to be immunological memory to
similar viruses. Influenza-associated mortality rates appear
to be related to the dominant virus subtype. Since its
appearance in 1968, influenza A(H3N2) has been reported
to be associated with increased mortality compared with
influenza A(HIN1) or B [1, 8, 10, 24]. Other factors
include the availability of supportive treatment, vaccine
efficacy, and rates of chronic illnesses in the population.

The statistical methods used in the different studies
carried out to date also vary [1, 2, 4, 8,9, 25, 26]. However,
although the methods may produce different estimates, in
an assessment of four different models, similar estimates of
influenza-associated deaths were obtained for those based
on statistical models [9]. The method used for the estimates
in our study is a variation of a method described by

Thompson et al. [9] and is likely to give a more conser-
vative estimate than the “peri-season” method described.

Limitations and strengths of the study

The study reported here has several limitations and strengths.
Influenza virus circulates mainly in the winter months during
which time temperatures are low; thus, some deaths attrib-
uted to influenza may in fact be related to the lower tem-
peratures during the winter [12-14]. When computing the
influenza-associated mortality rates, we deducted average
excess mortality in two baseline years with little influenza
activity in order to remove the effect of winter mortality
unrelated to influenza. However, during those “baseline”
years, there was also some influenza activity. Thus, we may
have underestimated the excess influenza mortality. We used
the underlying cause of death reported in the death notifi-
cations, as has been used by other researchers [1, 2, 24, 25].
The use of information on multiple causes of death could
produce more accurate estimates, since the analysis would be
less sensitive to coding choices for the underlying cause of
death, as suggested by Dushoff et al. [18]. However, multiple
causes of death data were not available.

The study has several strengths. The mortality data
obtained were essentially complete, and the sentinel sur-
veillance system by which the influenza period was defined
is well-established. The influenza reference laboratory is
certified by the World Health Organization (WHO).

Conclusions

These are the first systematic estimates of mortality
attributed to seasonal influenza epidemics in Israel. While
the estimates vary from year to year, the averages are
strikingly similar to those obtained for the USA. In general,
about 90% of influenza-associated deaths, from respiratory
and circulatory diseases, occur in the age group 65+ years,
and about 1% in the age group <50 years. This information
underscores the major impact of the 2009 pandemic on the
age group <50 years, and the importance of targeting the
correct population for influenza vaccination programs.
Deaths related to seasonal influenza were negligible among
people <50 years, and although some countries recommend
vaccinating this group, it should be emphasized that the
vaccine will not have a significant impact on mortality;
rather, it will have an effect on morbidity, preventing other
age groups from being infected with the disease, and an
economic impact (this group includes the working force of
a community).
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