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Reliable estimates of the morbidity burden caused by
the 2009 pandemic influenza (pH1N1) are important
for assessing the severity of the pandemic. Poisson
regression models were fitted to weekly numbers of
cause-specific hospitalisation in Hong Kong from 2005
to 2010. Excess hospitalisation associated with the
2009 pandemic and seasonal influenza was derived
from the model by incorporating the proxy variables of
weekly proportions of specimens positive for the pan-
demic influenza A(HiN1)pdmog, seasonal influenza A
(subtypes H3N2 and HiN1) and B viruses. Compared
with seasonal influenza, pHiN1 influenza was associ-
ated with higher hospitalisation rates for acute respir-
atory disease (ARD) among children younger than 18
years and adults aged between 18 and 64 years, but
among the elderly aged 65 years and older the hos-
pitalisation rates were lower for pHiN1 than for sea-
sonal H3N2 and HiN1 influenza. Hospitalisation rates
for chronic diseases associated with pHiN1 influenza
were generally higher than those associated with sea-
sonal influenza. The reported hospitalised cases with
laboratory-confirmed pandemic infections accounted
for only 16% of pHiN1 influenza-associated hospitali-
sations for ARD in the age group 75 years and older,
and 5-66% of hospitalisations for chronic diseases
in those older than 4o years. The 2009 HiN1 influ-
enza pandemic was associated with a dramatically
increased risk of hospitalisation among children and
young adults. The morbidity burden of pandemic was
underreported in old people and in those with chronic
conditions.

Introduction

In April 2009 a novel influenza A(H1N1) virus of swine-
origin (referred to as pHiN1 hereafter) emerged and
quickly spread worldwide [1]. Previous studies have
reported that annual hospitalisation rates with labora-
tory-confirmed pandemic infections ranged from 3 to
110 per 100,000 person-years [2-4]. However, it is likely
that these rates seriously underestimated the true bur-
den of the pandemic, as many cases were not tested for
pandemic infections due to limited laboratory capacity
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[5]. Furthermore, the tests could have been biased
towards children and young adults in whom the pHiN1
infection rates were reported to be higher, but severe
outcomes after infections were more likely to occur in
the elderly aged 65 years or older [6,7]. Previous stud-
ies have further found that few pandemic-associated
fatalities in persons older than 65 years were captured
by intensive laboratory tests [8,9]. Given the potential
underreporting of pandemic cases, it is necessary to
compare excess hospitalisation associated with sea-
sonal and pandemic influenza to assess the severity
of 2009 HiN1 pandemic. We and others have demon-
strated that excess hospitalisation estimated from
Poisson models can provide reliable estimates for true
morbidity burden of seasonal influenza [10,11].

Two subtypes of seasonal influenza A(H3N2) and
(H1N1) (referred to as sH1N1 hereafter), as well as influ-
enza B viruses, have been circulating in humans for
many years [12]. There is evidence that these viruses
are distinct in terms of transmission efficiency and
risk of hospitalisation or mortality [13,14]. However,
few studies have compared disease burden associated
with different types or subtypes of seasonal influenza
and pandemic viruses. In this study, we aimed to com-
prehensively assess the age-specific hospitalisation
burden associated with each type (or subtype) in sub-
tropical city Hong Kong which had a population of 7.07
million in 2011 [15].

Methods

Data

Hospitalisation records from 2005 to 2010 were
obtained from the electronic health record system of
the Hospital Authority (HA), which manages all 41 pub-
lic hospitals and covers 78% of hospital-bed days in
the entire territory of Hong Kong [16]. We aggregated
the records into weekly hospitalisation numbers by all
discharge diagnoses (up to 15 diagnoses) that were
coded in the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD9-CM) [17].



We considered the following disease categories: acute
respiratory disease (ARD; ICD9 460466, 480-487),
pneumonia and influenza (P&I; ICD9 480-487) for
the age groups of o-5, 6-17, 18-39, 40-64, 65-74,
and 275 years, and cardiovascular disease (CVD; ICDg
390-459), diabetes (ICD9 250), ischaemic heart dis-
ease (IHD; ICD9 410-414), and stroke (ICD9 430-438)
for the age groups of 40-64, 65-74, and 275 years.
Mid-year population by age groups was obtained from
the Census and Statistics Department for the study
period.

We obtained the weekly numbers of detected influenza
viruses reported by the Public Health Laboratory Centre,
Hong Kong from the weekly report ‘Flu Express’ avail-
able on the website of the Centre for Health Protection
at the Department of Health (DH) (http://www.chp.gov.
hk/en/guideline1_year/441/304.html). The numbers of
specimens were estimated from the summary tables
of the Centre’s Sentinel Surveillance website (http://
www.chp.gov.hk/en/sentinel/26/44/292.html). The
respiratory specimens were collected from hospital-
ised patients and outpatients from the public and pri-
vate healthcare sectors in Hong Kong and were tested
by viral culture and subtyped by haemagglutination
inhibition tests. As the online reports for other respira-
tory viruses were not publicly available from the DH
during the study period, we also obtained the virology
surveillance data for respiratory syncytial virus (RSV),
adenovirus and parainfluenza viruses from the micro-
biology laboratory of Queen Mary Hospital.* This sin-
gle laboratory covered 21% of all specimens for the DH
surveillance network during the study period, and the
influenza virology data from these two sources were
highly correlated (r=0.81) during that period. The sea-
sonal patterns of these viruses were also consistent
with those from the DH [18]. Meteorological data for
temperature and relative humidity were obtained from
the Hong Kong Observatory.

Statistical analysis

We fitted the following quasiPoisson regression mod-
els to weekly numbers of hospitalisation from 2005 to
2010 for each age—disease category.

Y, ~ quasiPoisson(u,,¢u,)

log(w,) = B, + BSH1, + B,H3, + BB, + B,PH],
+ BRSV, + B, Adeno, + B,P1, + B,P2, + B,P3,
+8(t) + s(Temp,) + s(Hum,)+ S,,D, + p,,D, x PH]1,

where Yt denotes the number of hospitalisations in
week t (t=1,2,...,312) which was assumed to follow
a quasiPoisson distribution with an over-dispersion
parameter 4. SH1,, H3,, B, and PH1, denote the weekly
proportions of specimens tested positive for sHiN1,
H3N2, influenza B and pHiN1, respectively. These
proxy variables were added to quantify the effects of
each type/subtype. RSV,, Adeno,, P1,, P2, and P3; were

proportions of specimens positive for RSV, adenovirus
and three types of parainfluenza viruses. As nearly all
annual total numbers of cause-specific hospitalisation
almost doubled during the study period, we adjusted
for the long-term and seasonal trends of hospitalisa-
tion data by adding a natural cubic spline s(f) into the
model. Because the time series of acute respiratory
diseases (ARD and P&I) tend to show greater seasonal
variations than those of chronic diseases, we decided
to use 3 degrees of freedom (df) per year (totally 18 df
during the whole study period) in ARD and P&l, but to
use a minimum of 2 or 3 df in total for the whole period
for CVD, IHD, stroke and diabetes. s(Temp,) and s(Hum,)
were the natural cubic spline of temperature and rela-
tive humidity with df=3 to adjust for the variation of
meteorological factors. During the containment phase
of the 2009 pandemic (26 April to 27 June 2009), every
pHiN1 case was admitted regardless of the disease
severity. To adjust for the change in hospitalisation
admission thresholds during this period, we added the
dummy variable D, for the period of this containment
phase, and its product term with the pandemic virus
proxy DixPH1,, into the model to allow a different hos-
pitalisation risk during the containment phase.

Morbidity burden of influenza was measured by excess
hospitalisation rate associated with each influenza
type or subtype. We first defined the baseline hospi-
talisation number as the number of expected hospi-
talisations when the proxy variables for pH1N1, sH1N1,
H3N2 and B viruses were set to zero. Excess hospitali-
sation number was then calculated as the difference
between the baseline and predicted hospitalisation
numbers with all variables taking the observed val-
ues. The 95% confidence intervals (Cl) were calculated
by bootstrapping the weekly excess hospitalisation
numbers and subsequently refitting the same models
1,000 times. We also calculated the annual excess rate
by dividing the average annual total numbers of excess
hospitalisation by the annual age-specific population
sizes derived from the 2001, 2006 and 2011 censuses
[15,19,20] through linear interpolation.

Model validation

On 1 May 2009 the HA established an electronic report-
ing system ’e-flu’ in response to the influenza A(H1N1)
pandemic. Patients with acute respiratory symptoms
were routinely tested for influenza A(H1iN1) by RT-PCR.
The e-flu data recorded outpatient visits, hospitalisa-
tion and deaths with laboratory-confirmed influenza
A(H1N1) infections [21]. Given the intensive labora-
tory screening for influenza A(HiN1)pdmog infections
during the pandemic, the hospitalised pHiN1 cases
reported by the e-flu system could be regarded as the
low boundary of true burden. Hence we calculated the
disease-specific laboratory-confirmed pandemic hos-
pitalisation according to any-listed discharge diagno-
sis. As the e-flu surveillance was relaxed after the first
wave, we compared these numbers with our estimates
of age- and cause-specific excess numbers during
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TABLE 1

Virology surveillance data and annual hospitalisation rate (per 100,000 person-years) in Hong Kong, 2005-2010

2005 2006 2007 2008 2009 2010
Virology data n (% of total influenza-positive specimens)
Total specimens 39,580 37,108 40,258 44,171 12,5100 69,680
Total influenza-positive specimens 6,204 4,196 6,422 4,786 30,576 8,773
Seasonal influenza A(H1N1) 413 (6.7) 3,047 (72.6) 133 (2.1) 1,490 (31.1) 2,821 (9.2) 1 (0.0)
Influenza A(H3N2) 4,751 (76.6) 225 (5.4) 4,845 (75.4) | 2,039 (42.6) | 8,165 (26.7) 4,484 (51.1)
Influenza A(HiN1)pdmog 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 19,279 (63.1) 2,022 (23.0)
Influenza B 1,040 (16.8) 924 (22.0) 1,444 (22.5) 1,257 (26.3) 311 (1.0) 2,266 (25.8)
Hospitalisations
ARD 1,023.5 903.9 986.0 1,247.0 1,417.5 1,606.8
P&l 682.6 616.7 665.8 905.2 1,072.2 1,217.0
CcVvD 1,963.2 1,940.3 2,012.9 2,813.2 3,864.4 4,810.9
IHD 507.1 496.5 502.4 683.8 935.4 1,167.3
Stroke 427.6 411.5 427.7 666.1 914.8 1,115.2
Diabetes 534.1 513.5 550.6 844.6 1,408.2 1,772.6

ARD: acute respiratory disease; CVD: cardiovascular disease; IHD: ischaemic heart disease; P&I: pneumonia and influenza.

The annual figures in this Table were obtained by cumulating weekly data from week 1 to 52 (or 53) of each year.*

the first wave of the pandemic from 1 May 2009 to 2
January 2010.

The ethical approval for this study was obtained from
the Institutional Review Board of the University of
Hong Kong/Hospital Authority Hong Kong West Cluster
(UV11-264). All analyses were conducted using R pack-
age version 2.12.2 (R Development Core Team).

Results

Descriptive statistics

Annual total numbers of specimens collected by the DH
ranged from 37,108 to 125,100 during the study period
(Table 1). Influenza A(H3N2) was dominant in 2005
and 2007, while in 2006 and 2008, seasonal influenza
A(H1N1) and B viruses were isolated more. The pan-
demic pH1N1 virus first emerged in May 2009, reached
a peak around September and remained at a low level
after November. A few specimens positive for seasonal
influenza were found during the pandemic period from
May to November 2009. Influenza B became dominant
after March 2010, followed later by influenza A(H3N2)
followed. During the study period from 2005 to 2010,
the average annual hospitalisation rate was 1,197.4,
859.9, 2,900.8, 715.4, 660.5 and 937.3 per 100,000
person-years, for ARD, P&I, CVD, IHD, stroke and dia-
betes, respectively (Table 1). Persons aged 75 years
and older had the highest hospitalisation rate for all
the disease categories.
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Annual excess hospitalisation

associated with influenza

An example of model fit by weekly observed and fitted
numbers of P&l hospitalisation is shown in Figure 1.
Significant association of influenza virus types (or sub-
types) with hospitalisation was found in most age—-dis-
ease categories studied (p<o.05). Annual age-specific
excess hospitalisation rates showed great year-to-year
variations in all the disease categories. Across the six-
year study period, the highest annual excess rate for
ARD, P&l and IHD was observed in 2009, and for CVD,
stroke and diabetes in 2010, after adjustment for age
structure by age standardisation (Table 2). During the
study period, the highest annual excess rates of ARD
and P&I hospitalisation were found in the pandemic
year 2009 for children and adults aged 18-64 years.
For old people, excess rates of hospitalisation asso-
ciated with influenza markedly increased during the
post-pandemic year of 2010 for most disease catego-
ries, whereas the rates in 2009 remained at the level
similar to or slightly higher than those in the preceding
interpandemic years (data now shown).

Excess hospitalisation associated with the pandemic

During the whole pandemic period from May 2009 to
July 2010, a total of 10,377 hospitalisations with ARD
and 7,204 with P&l were associated with pHiN1 influ-
enza. Of these, 60% occurred in children and 13% in the
elderly (Table 3). For chronic diseases, the total num-
bers of pHiN1i-associated hospitalisation were 1,676,
848, 359 and 1,550, for CVD, IHD, stroke and diabetes,
respectively. More than 80% of these hospitalisations



FIGURE 1

Weekly observed (squares) and fitted (solid blue line) hospitalisations with any-listed diagnosis of pneumonia and influenza
Hong Kong, 2005-2010
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TABLE 2

Age-standardised annual excess rate per 100,000 person-years of hospitalisation associated with influenza, with the 2006
population as standard, Hong Kong, 2005-2010

: 2005 2006 2007 2008 2009 2010
Disease
ER (95% Cl) ER (95% Cl) ER (95% Cl) ER (95% Cl) ER (95% Cl) ER (95% CI)
ARD 115.9 80.5 116.1 96.7 166.8 152.7
(70.2; 157.0) (39.8; 120.3) (70.3; 158.8) (51.7; 138.1) (109.5; 221.7) (96.3; 204.9)
P&l 76.2 56.6 75.0 64.9 130.9 109.5
(44.3; 105.1) (27.9; 84.4) (44.1; 104.0) (33.7; 94.1) (88.0; 170.3) (67.5; 147.6)
CVD? 30.4 51.1 31.5 48.3 63.3 102.3
(-24.9; 84.2) (10.25 90.3) (-10.7; 71.9) (-2.3; 99.5) (-3.95 125.9) (6.6; 192.4)
IHD? 3.7 8.8 3.3 6.0 19.4 12.6
(-15.5; 21.9) (-6.2;5 23.4) (-11.8; 17.7) (-11.1; 21.9) (-2.6;39.7) (-21.0; 44.4)
Stroke? 8.5 12.0 8.1 12.3 18.9 19.4
(-6.0; 21.5) (1.6; 22.2) (-2.9; 18.6) (-1.7; 25.4) (0.5; 35.5) (-6.5; 43.1)
Diabetes? 9.2 16.5 9.3 16.7 36.7 50.6
(-9.7, 27.9) (1.65 30.6) (-6.3; 24.0) (-2.9; 36.6) (7.9 63.6) (8.25 91.4)

ARD: acute respiratory disease; Cl: confidence interval; CVD: cardiovascular disease; ER: excess rate; IHD: ischaemic heart disease; P&lI:

pneumonia and influenza.

2 Excess rates are assumed zero in the age groups younger than 4o years.

occurred in people aged 65 years and older. In the
group including all ages, around 80% of pHiN1-asso-
ciated hospitalisations for all the disease categories
studied occurred during the first wave of the pandemic
from May 2009 to January 2010.

To compare our estimates with the total numbers of lab-
oratory-confirmed pHiN1 cases requiring hospitalisa-
tion, we calculated the ratio of the admission numbers
reported by the e-flu system to excess hospitalisation
associated with pHiN1 influenza in the same age-dis-
ease groups during the first wave. The ratio ranged
from 0.72 to 0.92 for ARD and from 1.05 to 1.68 for P&l
in the age groups younger than 75 years (Table 3). In
persons 75 years and older, the confirmed hospital-
ised cases reported by e-flu for ARD and 45% for P&l in
the same age group only accounted for 16% of excess
hospitalisations that were estimated from the statisti-
cal models to be attributable to pH1N1 influenza. For
the chronic diseases CVD, IHD, stroke and diabetes,
the total numbers of confirmed pHiN1 hospitalisation
accounted for only 25-66%, 11-28%, 5-15% of pH1N1-
associated excess hospitalisation, for the age groups
of 40-64, 65-74 and 275 years, respectively.

Comparison of type- or subtype-specific excess
hospitalisation

In the group including all ages, pHiN1 influenza was
associated with the highest annual excess rate of ARD
hospitalisation (95.9 per 100,000 person-years; 95%
Cl: 66.9-122.1), followed by influenza A(H3N2) (49.4;
95% Cl: 36.7-61.5), B (38.3; 95% Cl: 21.7-54.2) and
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sH1N1 (18.3; 95% Cl: 10.4-26.2). A similar pattern was
also observed for P&I hospitalisation. Across differ-
ent age groups, excess rates of ARD and P&l associ-
ated with pHiN1, sHiN1 or B influenza were higher
among children under the age of five years, whereas
the rates associated with H3N2 influenza were higher
among persons older than 75 years (Figure 2). Excess
rates associated with pHiN1 influenza were 2—-5 times
as high as those with seasonal influenza in children
younger than five years, 5—12 times as high in children
aged 6-17 years, but 50% and 70% lower than the rates
of seasonal influenza A(H3N2) in persons aged 65-74
and 275 years.

Of three seasonal influenza viruses, H3N2 accounted
for a higher proportion of ARD and P&I hospitalisation
than the other two viruses in all the age groups except
the groups aged 6-17 and 18-39 years, in which influ-
enza B had higher rates. For chronic diseases, pHiN1
was associated with higher excess rates of diabetes,
CVD and IHD, but the rates were similar to those of
other seasonal viruses for stroke. The fractions of all-
ages excess hospitalisation in the total numbers of cor-
responding cause-specific hospitalisation ranged from
0.4% t0 9.4% for pHiN1 and from 1.7% to 8.8% for sea-
sonal influenza A and B combined (Table 4). Compared
with the age-specific proportions of seasonal influ-
enza A and B combined, the proportions of pH1N1 were
markedly higher in the age group of 6-17 years for
ARD and in the age groups 6—17 and 18-39 years for
P&I, but lower in the age groups older than 40 years
for all the disease categories studied except diabetes.
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FIGURE 2

Annual age- and cause-specific excess rate per 100,000 person-years of hospitalisation associated with A(HINI1)pdm09,
seasonal influenza A(H3N2), A(HIN1) and B, Hong Kong, 2005-2010
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TABLE 4

Percentage of excess hospitalisation in total cause-specific hospitalisation, Hong Kong, 2005-2010

2005-2010 1996-20007?
Disedse Age group ﬁ]ef?us;)r?;; Influenza Influenza B Influenza Seasonal Seasonal
(years) A(H1N1) A(H3N2) A(HiN1)pdmog influenza A+B influenza A+B
0-5 2.5 5.4 4.9 12.5 12.8 9.3"
6-17 4.9 3.1 7.5 36.7 15.5 9.3°
18-39 2.0 3.3 5.1 8.0 10.4 7.2¢
ARD 40-64 1.4 3.8 3.1 5.7 8.3 11.0
65-74 0.6 3.8 2.7 1.7 7.1 11.5
275 0.7 4.1 1.9 1.4 6.7 8.7
All ages 1.5 4.1 3.2 8.0 8.8 10.9
0-5 5.4 9.7 7.9 25.0 23.0 14.7°
6-17 6.3 2.8 9.2 53.3 18.3 14.7°
18-39 2.0 3.1 4.4 22.6 9.5 10.5¢
P&l 40-64 1.5 3.4 1.9 7.8 6.8 8.7
65-74 0.3 3.3 2.7 1.5 6.3 11.0
275 0.6 3.6 2.0 0.9 6.2 7.1
All ages 1.6 4.0 2.9 9.4 8.5 11.6
40-64 0.5 NAd NA¢ 0.9 NA¢ NA
VD 65-74 0.5 0.2 0.1 1.6 0.8 NA
275 0.7 0.6 1.9 1.7 3.2 NA
All ages 0.6 0.3 0.8 1.3 1.7 NA
£4,0-64 NA¢ NA4 0.0 0.8 NA¢ 2.0
HD 65-74 0.8 0.4 NA¢ 1.0 NA¢ 0.8
¥75 1.2 1.2 0.6 1.9 3.0 3.2
All ages 0.9 0.6 NA¢ 0.4 NA¢ 1.8
4,0-64 0.7 0.1 NA¢ 0.5 NA¢ 0.8
Stroke 65-74 0.6 0.7 NA¢ 0.5 NA¢ 1.4
275 0.8 0.9 1.3 1.0 3.0 2.4
All ages 0.7 0.7 0.6 0.4 2.0 1.5
40-64 0.9 0.0 NA¢ 2.0 NA¢ 3.5
65-74 0.6 0.0 0.4 3.3 1.0 3.0
Diabetes
275 0.7 1.0 1.6 3.8 3.3 5.4
All ages 0.8 0.3 0.6 3.1 1.7 3.5

ARD: acute respiratory disease; CVD: cardiovascular disease; IHD: ischaemic heart disease; NA: not available; P&I: pneumonia and influenza.
2 Adapted from reference [34].

b Age group 0-14.

¢ Age group 15-39.

4 Not estimated because of negative excess risk estimates.
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The fraction of ARD and P&l excess hospitalisation in
the group of o-5 year-olds was comparable between
pH1iN1 and seasonal influenza.

Discussion

There are lots of obstacles in obtaining the estimates
on hospitalisation due to influenza simply based on
surveillance of symptomatic cases, because many
suspected cases were not tested in a timely manner
due to limited laboratory capacity in most countries.
Presanis and colleagues estimated that only 20-30%
of hospitalised pHiN1 cases in the United Kingdom
confirmed by the laboratory surveillance during the
2009 pandemic [22]. In the present study we used
a Poisson regression model, which has been widely
adopted for estimation of the influenza disease burden
[23-25], to assess excess hospitalisation associated
with seasonal influenza. We estimated that during the
pandemic period of May 2009 to February 2010, 7,856
admissions for ARD in children and adults younger than
65 years were attributable to pHiN1 infections. This
estimate was close to the total number of 6,657 labo-
ratory-confirmed pHiN1 cases hospitalised for ARD in
Hong Kong. The close match between model-derived
and laboratory-confirmed cases in young age groups is
not surprising as they were immediately identified as
high risk groups at the beginning and underwent inten-
sive laboratory screening for pHiN1 infections through-
out the pandemic period. We found that the estimated
in old population groups, excess hospitalisations
associated with pHiN1 were dramatically higher than
the numbers of confirmed hospitalised cases, for both
acute and chronic diseases. This is in agreement with
our previous findings that the mortality burden of
pHiN1 in children and young adults was fully captured
by intensive screening, but seriously underreported in
the elderly [8]. We speculated that the neglected bur-
den in the old population could be due to their low
antibody and viral titres after infection, or the time lag
between primary infection and hospital admission for
exacerbated underlying conditions. To capture these
cases, it is necessary to enhance the surveillance at
community level so as not to miss the time when the
symptoms of primary infection are evident.

A shift in the age of severe and fatal cases towards
younger age groups has been observed in histori-
cal influenza pandemics. Consistent with many other
studies [26-28],our estimates demonstrated that for
ARD and P&l, the influenza A(pH1N1)pdmog virus was
associated with dramatically elevated excess hospi-
talisation in children and young adults compared with
the seasonal viruses, whereas its impact on the elderly
was less than that of influenza A(H3N2), although com-
parable to sHiN1 and influenza B. A study in Denmark
also found significantly higher hospitalisation rates
for pHiN1 among persons younger than 65 years, but
the rates among the elderly were similar for the pan-
demic and seasonal viruses [29]. That old people are
less affected by pHiN1 infection could be explained by
their preexisting immunity against pHiN1 [30]. Despite

www.eurosurveillance.org

a low attack rate of pHiN1 in elderly people in Hong
Kong living in the community, a large proportion of the
hospitalised and fatal cases still occurred in old peo-
ple, who had markedly higher case-intensive care unit
and case—fatality rates according to data from the e-flu
database [31].

H3N2 viruses were believed to have more frequent anti-
genic drift than sHiN1 and influenza B [32]. Previous
studies have demonstrated that influenza was associ-
ated with markedly more morbidity and mortality dur-
ing the H3N2-dominated years, than during the years
dominated by sHiN1 or influenza B [13]. By simultane-
ously adding the different virus proxies, regression
models allow the separate assessment of the disease
burden caused by different influenza types or sub-
types. Zhou and colleagues fitted a negative binomial
regression model, which is similar to Poisson regres-
sion with adjustment for over-dispersion, on weekly
hospitalisation data of respiratory and cardiovascular
diseases in the United States (US) from 1993 to 2008
[33]. They reported much lower excess rates of hospi-
talisation associated with sHiN1 and influenza B (1.9
and 17.5 per 100,000 person-years) than with influenza
A(H3N2) virus (44.4 per 100,000). Interestingly, our
estimates showed that among the three seasonal influ-
enza viruses, H3N2 influenza contributed to higher
hospitalisation rates for ARD and P&I. For chronic dis-
eases, however, the hospitalisation rates associated
with H3N2 influenza were lower for CVD and diabetes;
the rates associated with sHiN1 and H3N2 influenza
were similar for IHD and stroke, but those associated
with influenza B were slightly lower (Figure 2). Further
studies are needed from more countries to compare
the virulence of different influenza viruses.

We estimated that during 2005-08, the annual excess
rate associated with seasonal influenza ranged from
80.5 to 116.1 per 100,000 person-years for ARD, and
from 30.4 to 51.1 for CVD. These rates were higher
than the excess hospitalisation rates of 32.6-82.7 for
respiratory and circulatory diseases which were esti-
mated from the US study for the same study period
[33], although these two sets of estimates may not
be directly comparable since we defined disease cat-
egories by any-listed diagnosis. Our estimates were
the double or triple of the previous estimates using
the similar model for the period of 1996-2000 [34]
(Table 2). The increased morbidity burden in recent
years may not be solely due to more virulent virus
strains, as we did not observe any obvious increase
in excess mortality associated with influenza in Hong
Kong since 1998, except in 2007 when a novel H3N2
strain A/Brisbane/59/2007-like emerged [8]. Instead,
this increase is more likely the result of expanding
health service capacities and lowering admission cri-
teria due to the aging population of Hong Kong [16]. In
fact, overall the proportions of excess hospitalisation
in total numbers of cause-specific hospitalisation are
quite similar between our present and previous stud-
ies, suggesting that the morbidity burden of seasonal



influenza remained comparable during the interpan-
demic years (Table 4). Interestingly, the percentage of
excess hospitalisation associated with seasonal influ-
enza among the total hospitalisations for ARD and P&l
among children and young adults was higher during the
study period of 2005-2010 than those during 1996—
2000. However, it was lower among the elderly, which
probably reflects changing health-seeking behaviour
of parents and young people, particularly after the
outbreak of severe acute respiratory syndrome in 2003
that significantly awakened the public awareness of
respiratory viruses.

Surprisingly, we found a heavy morbidity burden of
influenza in 2010 in Hong Kong with a similar mag-
nitude as in the pandemic year 2009. However, the
majority of influenza isolates since August 2010 have
been an H3N2 strain which is an antigenic match to the
2010-2011 vaccine composite strain A/Perth/16/2009.
Similar observations were also reported in several
European countries [35]. We noticed that in 2010, the
summer peak of influenza did not appear until August-
September, the months when influenza viruses usu-
ally become dormant after the normal peak months of
June and July [36]. Most of excess hospital admissions
in 2010 were associated with influenza A(H3N2), not
pH1N1 that was the dominant strain in the winter peak
2009/10 (data not shown). The potential explanation
for altered influenza seasonality after the pandemic
could be depletion of the pool of susceptibles by the
preceding pandemic, interference of pandemic viruses,
or relaxation of the control measures implemented dur-
ing the pandemic period (border control, designated
influenza clinics, etc), all of which certainly warrant
further investigations.

There are several limitations to our study. Firstly, our
virology data for pHiN1 only covered a period shorter
than two years, which might have compromised the
power of the Poisson model, as reflected by the non-
significant estimates in most age-disease categories.
Secondly, other than disease severities there are many
unmeasured factors that could have affected hospi-
tal admissions, such as influenza vaccination status,
health seeking behaviour and admission criteria. Our
assessment of cause-specific hospitalisation could
be further complicated by varying coding practice of
frontline medical practitioners. Although we adjusted
for long-term and seasonal trends of hospitalisation in
our models to take into account changes in admission
threshold and coding practice, this may not be adequate
for all the disease categories, as evidenced by some
negative estimates and underestimation of P&l excess
hospitalisation during the pandemic. Nevertheless, our
previous validation study demonstrated that excess
hospitalisation derived from the Poisson regression
models closely matched the true incidence rates of
laboratory-confirmed influenza among a cohort of
paediatric patients [10]. Moreover, our estimates were
overall larger than the laboratory-confirmed cases
requiring hospitalisation, although the difference was

10

not as big as we expected. Therefore, our estimates of
excess hospitalisation rates are likely conservative,
not exaggerating the true burden of seasonal and pan-
demic influenza.

In this study we comprehensively assessed the impact
of seasonal and pandemic influenza by deriving the
age- and cause-specific estimates of excess hospitali-
sation associated with different types or subtypes of
influenza viruses. Compared with seasonal influenza
viruses, the pH1iN1 virus was associated with dramati-
cally increased hospitalisation risk among children and
young adults. Although the attack rate of the pandemic
was relatively low in the elderly, their risk of hospitali-
sation was comparable to the interpandemic years and
seriously underreported by the clinical surveillance.
This highlights the need to enhance the community
surveillance on pandemic outbreaks among old people.
Our study provides an approach for reliable assess-
ment of the pandemic severity and also a piece of criti-
cal evidence for proper evaluation of control measures
implemented during the pandemic.

*Author’s correction

On request of the authors, the first three sentences of the
second paragraph of the Methods section were replaced
and a footnote was added to Table 1. These corrections were
made on 14 November 2012.
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