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Background. Although deaths associated with laboratory-confirmed influenza virus infections are rare, the
excess mortality burden of influenza estimated from statistical models may more reliably quantify the impact of
influenza in a population.

Methods. We applied age-specific multiple linear regression models to all-cause and cause-specific mortality
rates in Hong Kong from 1998 through 2009. The differences between estimated mortality rates in the presence or
absence of recorded influenza activity were used to estimate influenza-associated excess mortality.

Results. The annual influenza-associated all-cause excess mortality rate was 11.1 (95% confidence interval
[CI], 7.2-14.6) per 100 000 person-years. We estimated an average of 751 (95% CI, 488-990) excess deaths associ-
ated with influenza annually from 1998 through 2009, with 95% of the excess deaths occurring in persons aged
>65 years. Most of the influenza-associated excess deaths were from respiratory (53%) and cardiovascular (18%)
causes. Influenza A(H3N2) epidemics were associated with more excess deaths than influenza A(HIN1) or B
during the study period.

Conclusions. Influenza was associated with a substantial number of excess deaths each year, mainly among
the elderly, in Hong Kong in the past decade. The influenza-associated excess mortality rates were generally

similar in Hong Kong and the United States.

Human influenza virus causes substantial morbidity
and mortality worldwide [1-4]. Although the majority
of infections are mild, some influenza virus infections
can lead to fatal complications such as viral pneumo-
nia or secondary bacterial pneumonia, although influ-
enza virus infections might not be confirmed with
laboratory testing for various reasons [5]. Influenza
has also been associated with deaths from concurrent
diseases or complications of preexisting medical con-
ditions, such as cardiovascular diseases [6], and in
those cases influenza would typically not be listed as
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the primary cause of death [7]. For these reasons, stat-
istical estimates of excess mortality rather than rates of
laboratory-confirmed influenza deaths are typically
used to quantify the burden of influenza in a popula-
tion [1-4].

A variety of statistical models have been applied to
estimate influenza-attributable excess mortality. In
temperate countries with sinusoidal patterns in mor-
tality and influenza epidemics every winter, Serfling-
type cyclic regression models have sometimes been
used [8, 9]. This method, which was originally devel-
oped to identify peaks in influenza activity [10], does
not differentiate between excess deaths associated with
influenza or other winter causes, and tends to overesti-
mate excess mortality associated with influenza com-
pared with other commonly used methods [11]. This
approach is not well suited to use in tropical or sub-
tropical settings with prolonged periods of influenza
activity and less clearly defined seasonality. Another
commonly used approach to estimate excess deaths as-
sociated with influenza is regression modeling [12].
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These models can account for varying seasonal patterns if
present. They can also directly incorporate covariates reflecting
the activity of influenza as well as other cocirculating viruses
possibly related to mortality such as respiratory syncytial virus
(RSV), typically based on virologic surveillance data [7, 13].
Linear regression might be preferred to Poisson regression,
since the latter assumes a multiplicative increase in the mor-
tality rate associated with additive changes in influenza activi-
ty, whereas if the case fatality risk were constant through time
we would expect excess deaths to increase additively with in-
fluenza activity [14, 15]. In addition, because of seasonal
changes in the number of specimens sent for diagnostic
testing throughout the year, the number of specimens positive
for influenza and the proportion of specimens positive for in-
fluenza may not accurately reflect influenza activity [14, 16].

In this study, we estimated the excess mortality associated
with influenza types and subtypes in Hong Kong, a subtropi-
cal city with a population of around 7 million. Hong Kong
typically experiences 2 peaks of influenza activity every year,
the first in January-March and the second in June-August
[17]. We examined cause-specific mortality as well as all-cause
mortality to fully capture the potential effects on deaths from
influenza and to investigate any potential patterns in the asso-
ciation between influenza and mortality from specific causes.

METHODS

Sources of Data

Age-specific weekly deaths from 1998 to 2009 were obtained
from the Census and Statistics Department of the Hong Kong
Government. We selected 7 of the leading major causes of
death in Hong Kong that might potentially be related to influ-
enza. These causes of death, which were coded according to
the International Classification of Diseases, Ninth Revision
(ICD-9) and Tenth Revision (ICD-10), included cardiovascular
disease, respiratory disease, malignant neoplasm, diabetes mel-
litus, kidney disease, chronic liver disease, and degenerative
disease of the nervous system [14]. Within cardiovascular dis-
eases, 2 subcategories were extracted including heart disease
and cerebrovascular disease. Within respiratory diseases,
pneumonia and influenza and chronic lower respiratory
disease were extracted. We also extracted deaths coded as
femoral fracture as controls. The ICD-9 and ICD-10 codes for
each of these specific underlying causes are provided in Sup-
plementary Table 1. After extracting all-cause deaths and
deaths from the 7 major causes listed above, we created one
new time series for deaths from “other causes” as those deaths
in Hong Kong that did not fall under these 7 major causes.
The age-specific midyear population sizes for each year from
1998 through 2009 were obtained from official statistics pub-
lished by the Census and Statistics Department and used as
the denominators for estimation of mortality rates.

The Hong Kong Centre for Health Protection conducts
routine outpatient and laboratory surveillance for influenza
[17]. A network of about 50 sentinel private outpatient clinics
reports the weekly proportion of consultations due to influen-
za-like illness, defined as fever plus cough or sore throat. The
public health laboratory receives specimens for diagnostic and
surveillance purposes from sentinel outpatient clinics and
local hospitals, and reports the weekly proportions of speci-
mens that tested positive for influenza (by type and subtype)
and RSV. Meteorological parameters including daily tempera-
ture and relative humidity were reported by the Hong Kong
Observatory. Data on influenza activity and meteorological
measurements were available from 1998 through 2009.

Statistical Analysis

We applied linear regression models to investigate the under-
lying association between weekly all-cause and disease-specific
mortality rates and influenza activity. We used linear regres-
sion, assuming an additive relation between influenza activity
and mortality rates [14]. Linear models were chosen to reflect
the assumption that increases in influenza activity would lead
to corresponding additive increases in mortality, rather than
multiplicative increases as in a Poisson regression model with
a log link. Influenza activity was estimated by the weekly pro-
portion of consultations for influenza-like illness at sentinel
clinics multiplied by the weekly type/subtype-specific influen-
za detection rate in the local public health laboratory, to give
separate estimates of influenza activity for seasonal influenza
A(HINI1), A(H3N2), B, and 2009 pandemic influenza
A(HINI). This proxy measure may be more closely related to
influenza incidence than the separate proportions of patients
with influenza-like illness or the proportions of laboratory
tests positive for influenza [14, 16]. Temperature and absolute
humidity can affect influenza activity [18] and mortality [19,
20] and the weekly averages of these environmental factors
were included as covariates in the regression models. RSV ac-
tivity, estimated by the weekly proportion of consultations for
influenza-like illness at sentinel clinics multiplied by the
weekly RSV detection rate in the local public health laborato-
ry, was also included in the regression models as a potential
confounder, because it could be associated with influenza ac-
tivity through virus interference, and could be associated with
mortality rates. Another covariate was included into the model
to account for the impact of the transition of coding system
(ie, from ICD-9 to ICD-10), in Hong Kong since 2001.

Given the likely delay between onset of influenza illness and
death, we specified a lag of 1 week between influenza activity
and mortality rates. In sensitivity analyses we explored the
effect on excess mortality estimates of no lag, or a 2-week lag.
The influenza-associated excess mortality rates were estimated
by subtracting the predicted mortality rate estimated from the
fitted regression model setting influenza activity for a specific
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type or subtype to zero from the predicted mortality rate from
the model based on the reported weekly influenza activity.
The 95% confidence intervals (Cls) for excess mortality rates
were estimated with a bootstrap approach. To permit compar-
ison with other countries, mortality rates were directly stan-
dardized to the World Standard Population [21]. Our overall
estimates of influenza-associated excess mortality in each year
were based on the full calendar year. To examine the impact
of influenza-associated excess mortality in certain periods of
peak influenza activity (“influenza seasons”) where certain
types or subtypes were predominant, we determined influenza
seasons by the time period with at least 2 consecutive weeks in
which the influenza activity metric exceeded 0.005. If an inter-
val between 2 such time periods was no more than 3 weeks,
the 2 time periods were combined into one season. This
threshold was chosen to permit discrimination between differ-
ent seasons with different predominant types/subtypes in the
same year. Further technical details of the statistical methods
are provided in the Supplementary Appendix. All statistical
analyses were conducted in R, version 2.9.0 (R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

Between 1998 and 2009, we estimated that influenza was asso-
ciated with an annual excess mortality rate of 11.1 (95% CI,
7.2-14.6) per 100 000 person-years from all causes in 1998-
2009. The age-standardized mortality rate was 8.5 (95% CI,
5.6-11.4) per 100000 person-years. The annual influenza-
associated all-cause mortality rates ranged between 7.4 and
14.4 per 100 000 person-years through the period, accounting
for approximately 500-1000 excess deaths each year (Supple-
mentary Table 2), which was around 2% of all deaths in Hong
Kong.

Of the 12 years covered, 2 influenza seasons were identified
in 7 of the years and only 1 season was observed in the other
years. Most of the years with a single season, including 2001,
2004, 2005, and 2007, had prolonged influenza activity for
>5-6 months (Figure 1). The only year in which we did not
identify substantial influenza activity during the summer was
2003. In 2009 the first wave of pandemic influenza A(HIN1)
peaked in September-October, having been preceded by a
winter season where seasonal influenza A(HIN1) predominated
and a summer season where influenza A(H3N2) predominat-
ed. In the years with 2 influenza seasons, the influenza-
associated mortality risk in the winter seasons was generally
higher than in the summer seasons regardless of the type/
subtype of the predominant strain(s) (Table 1). During the
influenza seasons defined in the study, the average influenza-
associated mortality risk in A(H3N2) predominant seasons,
including the years that A(H3N2) cocirculated with other

viruses, was approximately double that in the seasons during
which influenza A(HIN1) was predominant, and only slightly
higher (10% more) than the influenza B predominant seasons
(Table 1).

Two or more influenza subtypes cocirculated in 9 of the 19
seasons, and influenza A(H3N2) predominated in 14 of the 19
seasons (Figure 1). From 1998 through 2009, the annual
excess all-cause mortality rates associated with seasonal influ-
enza A(H3N2), A(HIN1), and B averaged 6.9, 1.6, and 2.5 per
100 000 person-years, respectively (Table 2).

There was no statistically significant excess mortality associ-
ated with influenza in children, whereas influenza was associ-
ated with an average of 1.3, 3.3, and 89.7 deaths per 100 000
person-years in younger adults, older adults, and the elderly,
respectively (Table 3). Approximately 95% of the influenza-
associated excess mortality occurred in the elderly, accounting
for 2.6% of all-cause deaths in that age group. Influenza
A(H3N2) accounted for approximately 62.1% of all of the
excess deaths associated with influenza during the study
period, and the estimated age-specific mortality rate in the
elderly associated with this subtype was higher, at 58.8 per
100 000 person-years, than for A(HIN1) and B. Excess mor-
tality rates associated with pandemic and seasonal influenza
A(HIN1) and influenza B were similar to each other.

Influenza was associated with an average of 2.0 and 5.8
deaths per 100 000 person-years from cardiovascular and re-
spiratory diseases, respectively (Table 3). When added to the
estimated influenza-associated deaths from malignant neo-
plasms, diabetes mellitus, renal disease, chronic liver disease,
and degenerative disease of the nervous system, the influenza-
associated excess deaths from these 7 major causes together
accounted for 88% (9.71/11.08) of the estimated influenza-
associated excess deaths from all causes, with good consisten-
cy between the estimates for specific groups and subgroups
of causes (Figure 2, Table 3). The influenza-associated excess
mortality rates for pneumonia and influenza were similar to
those for chronic lower respiratory diseases. Almost all (82%;
1.68/2.04) of the estimated
cardiovascular deaths were from heart diseases rather than

influenza-associated excess
cerebrovascular causes (Figure 2, Table 3). The negative
control used in the model, deaths caused by femoral
fracture, was not associated with influenza virus infection
(Table 3).

In sensitivity analyses, we examined the influenza-associated
excess mortality rates based on the models without any time
lag and with a 2-week lag between the time when influenza
and RSV activity were measured and the death rates were re-
ported, respectively (data not shown). According to the adjust-
ed R” statistics, the best-fitting regression models were those
that included a 1-week lag between influenza activity and
excess mortality (data not shown).
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Figure 1. (A) Weekly influenza activity (black line), weekly all-cause mortality (gray line), and 19 influenza seasons (gray areas); (B) weekly respiratory
syncytial virus (RSV) activity; (C) averaged weekly mean temperature; and (D) averaged weekly mean absolute humidity, in Hong Kong, 1998-2009.
Influenza activity was estimated by the weekly proportion of consultations for influenza-like illness at sentinel clinics multiplied by the weekly influenza
detection rate in the local public health laboratory. Influenza seasons were defined as periods of at least 2 consecutive weeks with influenza activity
exceeding 0.005 (gray dashed line). RSV activity was estimated by the weekly proportion of consultations for influenza-like illness at sentinel clinics
multiplied by the weekly RSV detection rate in the local public health laboratory.
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Table 1. Type and Subtype-Specific Excess Mortality Risk in Each Influenza Season in Hong Kong, 1998-2009
Excess Mortality Risk (per 100 000 Population)
Year Season® Predominant Strain(s)® A(sHTNT1) (95% Cl) A(sH3N2) (95% Cl) A(pHTNT) (95% Cl) B (95% Cl) All Influenza (95% Cl)
1998  Winter A(sH3N2) 0.1 (—.02, .24) 9.01 (5.57, 12.27) 0.10 (-.02, .22) 9.22 (5.82, 12.48)
Summer A(sH3N2) 0.00 (.00, .00) 1.86 (1.15, 2.53) 047 (-.10, 1.03) 2.33 (1.41, 3.14)
1999  Winter A(sH3N2) 0.00 (.00, .01) 6.75 (4.17,9.19) 0.22 (-.05, .49) 6.98 (4.47, 9.35)
Summer A(sH3N2), B P 2.12 (1.31, 2.88) 057 (-.12,1.25) 2.69 (1.58, 3.63)
2000  Winter A(sH3N2), A(sH1N1), B 2.55 (.55, 5.62) 4.27 (2.64, 5.81) 3.50 (-.78,7.62) 10.33 (5.53, 14.54)
Summer A(sH3N2), A(sH1TN1) 0.29 (—.06, .64) 1.50 (.92, 2.04) 0.09 (-.02,.21) 1.88 (1.27, 2.48)
2001  Oneseason A(sH1N1), B 3.85 (—.83, 8.48) 0.58 (.36, .78) 339 (-.71,7.38) 7.82 (2.16, 12.81)
2002  Winter A(sH3N2), B 0.30 (-.07, .67) 4.15 (2.57, 5.65) 1.73 (-.36, 3.76) 6.18 (3.62, 8.46)
Summer A(sH3N2) b 3.05 (1.89, 4.16) 0.03 (-.01, 0.07) 3.09 (1.92, 4.18)
2003 Oneseason  A(sH3N2), B 0.02 (.00, .04) 3.07 (1.90, 4.17) 2.41 (=.50, 5.24) 5.49 (2.37, 8.32)
2004 One season  A(sH3N2) 0.04 (-.01, .10) 10.86 (6.71, 14.78) 0.57 (-.12,1.25) 11.47 (7.47, 15.39)
2005 Oneseason  A(sH3N2) 0.62 (-.13, 1.36) 9.99 (6.18, 13.60) 222 (-.47,4.84) 12.83 (8.35, 16.96)
2006  Winter A(sH1NT1), B 1.51 (-.33, 3.32) 0.11 (.07, .15) 1.82 (-.38, 3.95) 3.43 (.89, 5.77)
Summer A(sHTN1) 2.70 (.59, 5.95) 0.03 (.02, .04) 0.14 (-.03, .30) 2.87 (-.37,6.13)
2007 One season  A(sH3N2) 0.12 (.08, .26) 9.00 (5.56, 12.25) 232 (-.49,5.05) 11.43 (6.96, 15.35)
2008  Winter A(sH1NT1), B 0.70 (—.15, 1.54) 0.42 (.26, .57) 1.61 (=34, 3.51) 2.73 (.83, 4.56)
Summer A(sH3N2), A(sH1N1) 0.76 (.16, 1.68) 1.00 (.62, 1.36) 0.19 (-.04, .41) 1.94 (.98, 2.80)
2009  Winter A(sHTNT) 1.64 (.35, 3.60) 0.44 (.27, .59) 0.13  (=.03,.27) 2.20 (.24, 4.14)
Summer A(sH3N2), A(pHTN1) 0.38 (—.08, .85) 2.72 (1.68, 3.70) 2.07 (—4.66,8.45) 020 (-.04, .44) 5.37 (=1.14, 11.51)

Abbreviations: A(sH1N1), seasonal influenza A(HTN1); A(sH3N2), seasonal influenza A(H3N2); A(pHTN1), 2009 pandemic influenza A(H1N1); Cl, confidence interval.

@ Influenza seasons were determined via a proxy measure of weekly influenza activity, estimated by the weekly proportion of consultations for influenza-like iliness at sentinel clinics multiplied by the weekly influenza
detection rate in the local public health laboratory. Strains that constituted 30% or more of all influenza virus detections in a particular season were considered to be predominant in that season.

b In these seasons, influenza A(H1N1) was not detected by local public health laboratory and therefore no deaths were attributed to this subtype.



Table 2. Average Type and Subtype-Specific Annual Excess All-Cause Mortality Rates in Different Age Groups in Hong Kong, 1998-2009

Average Excess Mortality Rate (per 100 000 Population per Year)

(95% Cl)
7.18, 14.63)

—.34, 3.34)

4.26, 9.37)
—4.84, 8.79)

All Ages
-.51,5.33)

(95% Cl)

(95% Cl) 4564y (95% Cl) >65y

15-44y

(95% Cl)
—-.96, .48)

(95% Cl) 514y

04y

Virus

—-6.04, 21.70)
40.49, 75.97)

-23.71, 75.87)

.13, 41.54)

-1.62,1.78)

1.88

—-.02, 1.41)

0.55

-.82, .30)

0.11

-.32,2.38)

All influenza

91

0.

A(sH1N1)

A(sH3N2)

Abbreviations: A(sH1N1), seasonal influenza A(H1N1); A(sH3N2), seasonal influenza A(H3N2); A(pH1N1), 2009 pandemic influenza A(HTN1).

DISCUSSION

The influenza-associated all-cause excess mortality rates esti-
mated from this study suggested an annual average of 740
excess deaths associated with influenza in Hong Kong from
1998 through 2009, similar to earlier estimates for 1996-1999
[4] and 2004-2006 [22]. The majority of influenza-associated
excess deaths occurred in elderly persons, comparable to the
findings from other developed countries [1].

We estimated that influenza was associated with annual
mortality rates of approximately 11 per 100 000 person-years,
and in separate cause-specific models we attributed 53% of the
influenza-associated excess deaths to respiratory causes, 18%
to cardiovascular diseases, and the remaining 29% to other
underlying causes (Table 3, Figure 2). Our approach was given
face validity by the consistency between the sum of influenza-
associated mortality rates for 7 major causes and the overall
all-cause mortality rates (Figure 2). Respiratory and cardiovas-
cular diseases are often identified as the 2 most common
causes of death associated with influenza virus infections [4,
12, 14]. The contribution of cardiovascular diseases to influen-
za-associated mortality may be due to the possible relationship
between infection and atherosclerosis [23, 24]. A lower fraction
of influenza impact through cardiovascular diseases here than
that estimated from studies conducted in other developed
countries such as the United States [12, 14] might be partially
explained by the relatively lower age-standardized mortality
rate from heart diseases locally compared with the United
States [25, 26], or differences in coding causes of death.

In previous studies, influenza A(H3N2) has typically been
associated with higher infection rates and more severe clinical
symptoms than other subtypes [27, 28]. In our study, there
was higher influenza-associated mortality in seasons when in-
fluenza A(H3N2) predominated compared with seasons domi-
nated by other subtypes (Table 1). Higher mortality associated
with A(H3N2) was not likely attributed to the longer duration
of the seasons predominated by A(H3N2), because the average
weekly influenza-associated mortality in A(H3N2)-dominant
seasons was still about 2 times that in seasons when A(HIN1)
predominated. Possible reasons for the greater impact of sea-
sonal A(H3N2) include greater virulence [29, 30], a higher
infection attack rates mediated by faster antigenic drift escap-
ing population immunity from past epidemics [31], or anti-
genic sin providing greater protection against A(HINI)
viruses to individuals born before 1957 (ie, older adults and
the elderly) [32].

Influenza seasonality in Hong Kong is unusual, with peaks
in activity in the winter and in the summer [17]. The absence
of a summer peak in 2003 was probably a result of the strin-
gent community control measures implemented during the
severe acute respiratory syndrome outbreak in 2003 [33], while
the 2009 pandemic disrupted the seasonal patterns of
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Table 3. Average Influenza-Associated Cause-Specific Excess Mortality Rates in Different Age Groups, 1998-2009

Average Mortality Rate (per 100 000 Population per Year)

0-4vy (95% Cl) 5-14vy (95% ClI) 15-44y (95% ClI) 45-64 y (95% Cl) >65y (95% Cl) All Ages (95% Cl)

Cardiovascular disease 0.28 (-.65, 1.27) 0.03  (-.19, .28) 0.09 (.17, .40) 0.85 (—.56, 2.35) 18.96  (9.61, 31.18) 2.04 (.63, 3.58)

Heart disease 054 (-.15,1.33) 0.11 (.06, .30) 0.07 (-.11, .30) 0.51 (.53, 1.52) 14.05  (7.50, 22.08) 1.68 (.64, 2.62)

Cerebrovascular disease -0.22 (-.B9, .26) -0.06 (.16, .03) -0.01 (=12, .16) 0.29 (—.46, 1.14) 3.21 (=1.79, 8.47) 0.31 (=.31, .96)
Respiratory disease -0.06 (-.91,.78) 0.1 (-.13, .33) -0.20 (.48, .14) 1.77 (.90, 2.65) 49.64  (37.06, 61.03) 5.83 (4.09, 7.29)

Pneumonia & influenza 022 (-.36, .82) 0.11 (-.06, .31) 0.01 (-.16, .20) 0.62 (.03, 1.40) 25.25  (17.12, 33.74) 2.99 (1.81, 4.16)

Ch(;pnic lower respiratory  -0.17  (-.39, .04) -0.04 (-.39, .04) -0.12 (-.33,.12) 0.87 (.45, 1.28) 23.01 (17.05, 29.26) 2.62 (1.98, 3.29)

isease
Malignant neoplasm -0.45  (-1.09, .23) -0.11 (—.50, .24) 0.12 (.37, .60) -1.59 (-3.69, .29) 9.90 (3.90, 16.15) 0.79 (-.12, 1.68)
Diabetes mellitus -0.07 (—.14, .05) -0.01 (-.03, .01) 0.03 (-.02, .08) 0.14 (-.18, .50) 3.22 (1.21, 5.07) 0.36 (.12, .60)
Renal disease 0.21  (-.08, .56) -0.07 (=17, -.03) 0.02 (-.09, .11) -0.04 (—.48, .43) 359  (1.12, 6.44) 0.34 (.02, .66)
Chronic liver disease 0.25 (.08, .46) 0.00 (-.02,.04) -0.02 (=11, .04) -0.25 (-.61, .21) -0.45  (-1.48,1.01) -0.10 (.28, .11)
Degenerative disease of 0.05 (-.09, .23) -0.03  (-.08, .06) —-0.01 (.02, .01) 0.03 (-.02, .10) 0.05 (-.22, .36) 0.01 (.02, .05)
nervous system

7 major causes 021 (-1.25,160 -0.13 (-.66, .36) 0.00 (-.63, .75) 1.03 (-1.87,3.96) 84.63 (60.74, 106.10) 9.71 (6.27, 12.43)
Other causes? -0.91 (-3.46,1.60) -0.19 (-.63,.32) 1.1 (.40, 1.91) 1.60 (.34, 3.17) 6.04 (=.71,12.73) 1.53 (.52, 2.61)
Control

Femoral fracture 0.01 (-.01, .04) -0.01 (-.01, .01) 0.02 (.02, .06) 0.28 (-.26, .76) 0.04 (-.03, .09)
All causes -0.68 (=3.74, 2.37) -0.24 (—.96, .48) 1.26 (.41, 2.34) 3.31 (.13, 6.08) 89.68 (61.91, 114.69) 11.08 (7.18, 14.63)

Abbreviation: Cl, confidence interval.

@ Other causes refer to the causes of death other than the 7 major causes shown in Table 3. The time series of deaths from other causes was derived by subtracting deaths from the 7 major causes from the all-cause

deaths.
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Figure 2. Breakdown of the estimated annual influenza-associated excess mortality rates (35% confidence intervals) from 7 major causes and all
causes in Hong Kong from 1998 through 2009. Separate regression models were fitted for 4 subcategories of major causes, 7 major causes, the sum of
the 7 major causes, other causes, and for all-cause mortality, with good consistency between the estimates. “Other causes” refers to the causes of
death other than the 7 major causes shown in the Figure. The time series of deaths from other causes was derived by subtracting deaths from the 7

major causes from the all-cause deaths.

influenza and other viruses in the following years [34]. In
years when there were 2 distinct seasons, the winter epidemic
tended to have a greater impact on excess mortality than the
summer epidemic (Table 1). One potential explanation for the
reduced impact of the summer peak is a reduced overall infec-
tion attack rate. Another explanation could be a reduced se-
verity profile of infections due to changes in host immunity
[35], or for other reasons.

During the 2009 pandemic influenza A(HINI1), greatest
incidence of infection was in children and young adults,
while a substantial number of deaths were reported in young
adults with confirmed infection [36]. However, we estimated
that most of the pandemic influenza A(HIN1) associated
excess deaths occurred among individuals >65 years. Other
studies in Spain, Austria, and the Netherlands have also esti-
mated excess deaths in the elderly despite the absence of
laboratory-confirmed deaths in this age group [37-39] and
low incidence of infection due to preexisting immunity [40].

This is consistent with increasing severity of influenza with
age [40]. Similar observations have been made for seasonal
influenza [6].

We did not have information on patterns in influenza vacci-
nation coverage through our study period in Hong Kong, al-
though vaccination has been subsidized in recent years. In
addition to increasing vaccination coverage among the elderly,
alternative strategies may need to be explored to reduce the
annual burden of influenza [41]. The immunogenicity of inac-
tivated vaccines is often suboptimal in elderly persons [42,
43]. Previous studies suggested that Streptococcus pneumoniae
might be associated with many secondary bacterial pneumo-
nias in influenza-infected patients, specifically, more severe
cases [44], and a synergistic effect exists between influenza and
pneumococcal infection [45]. Considering that pneumococcal
vaccine is currently available in Hong Kong, increasing pneu-
mococcal vaccination coverage among the elderly could be
an effective way to further reduce influenza-associated
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hospitalizations and deaths, although it might be considered
unlikely that such a strategy could reduce all-cause deaths in
the elderly by as much as 35% [46], since we estimated that
only 2.6% of all deaths in the elderly were associated with
influenza.

There are some limitations to our study. First, the current
model only explained 83% of the variation in the all-cause
deaths, and other unobserved factors such as changes in
chronic diseases, epidemics of infectious diseases, or other en-
vironmental factors such as air pollution could also affect
mortality rates in Hong Kong, although it is unclear if they
would confound the estimates of influenza-associated excess
mortality presented here. Second, our proxy measure of influ-
enza activity, combining clinical and laboratory surveillance
data, may not have accurately measured influenza incidence
throughout the study period because of changes in sentinel
reporting practices, laboratory testing procedures, changes in
healthcare seeking behavior, or other reasons. However, our
proxy measure was more closely correlated to estimated inci-
dence of 2009 pandemic influenza A(HIN1) infection than
clinical or laboratory surveillance data alone [40]. We did not
have age-specific surveillance data on influenza-like illnesses
or laboratory confirmations of influenza, and the use of aggre-
gate surveillance data as the proxy of influenza activity in our
study could have led to biases in the estimates of the impact of
influenza in some age groups. Third, we did not have labora-
tory information on other respiratory viruses which might
also affect influenza activity through virus interference [47-
49], and could be associated with mortality rates [50].
However influenza and RSV are thought to have the most
impact among all respiratory viruses. Fourth, the unavailability
of data did not allow us to further investigate the impact of
transition in coding system on the estimate of excess mortality,
although a covariate has been included into the model to
account for the changes in the trend of recorded mortality.
Finally, the majority of influenza-associated excess deaths oc-
curred in the elderly, and therefore the cause-specific analyses
for all ages are mainly representative of deaths in this age
group. Further investigation could clarify the age-specific pat-
terns in cause-specific deaths associated with influenza.

In conclusion, our study confirmed the substantial annual
burden of influenza virus in Hong Kong, primarily associated
with respiratory and cardiovascular deaths in the elderly. The
higher influenza-associated excess mortality in the elderly in-
dicates that further improvements in influenza control mea-
sures are needed to reduce the impact of this infectious
disease in Hong Kong.
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