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In recent years, Hong Kong has invested in research infrastructure

to appropriately respond to novel infectious disease epidemics.

Research from Hong Kong made a strong contribution to the

international response to the 2009 influenza A (H1N1) pandemic

(pH1N1). Summarizing, describing, and reviewing Hong Kong’s

response to the 2009 pandemic, this article aimed to identify key

elements of a real-time research response. A systematic search in

PubMed and EMBASE for research into the infection dynamics

and natural history, impact, or control of pH1N1 in Hong Kong.

Eligible articles were analyzed according to their scope. Fifty-five

articles were included in the review. Transmissibility of pH1N1

was similar in Hong Kong to elsewhere, and only a small fraction

of infections were associated with severe disease. School closures

were effective in reducing pH1N1 transmission, oseltamivir was

effective for treatment of severe cases while convalescent plasma

therapy has the potential to mitigate future pandemics. There was

a rapid and comprehensive research response to pH1N1 in Hong

Kong, providing important information on the epidemiology of

the novel virus with relevance internationally as well as locally.

The scientific knowledge gained through these detailed studies of

pH1N1 is now being used to revise and update pandemic plans.

The experiences of the research response in Hong Kong could

provide a template for the research response to future emerging

and reemerging disease epidemics.

Please cite this paper as: Wu et al. (2013) The epidemiological and public health research response to 2009 pandemic influenza A(H1N1): experiences from

Hong Kong. Influenza and Other Respiratory Viruses 7(3), 367–382.

Introduction

The emergence of the 2009 influenza A(H1N1) pandemic

(pH1N1) and the rapid global spread in 2009 was surpris-

ing for a number of reasons.1 The pandemic virus came

from a reassortment event in swine rather than birds, was a

strain of H1N1 rather than a subtype that was not concur-

rently circulating in humans, and appeared to have a mild

severity profile similar to seasonal influenza. Furthermore,

the pandemic emerged in North America, whereas most

attention had been focused on the risk of a novel virus

emerging in south-east Asia.2,3

Hong Kong, a subtropical city on the south coast of

China, has been identified with influenza research for dec-

ades; indeed, the 1968 pandemic influenza A(H3N2) virus

was named after the city after being first identified there in

July 1968.4 Hong Kong has found itself on the front lines of

recent emerging infectious disease outbreaks, including the

first human outbreak of highly pathogenic avian influenza

A(H5N1) in 1997,5 and the severe acute respiratory syn-

drome (SARS) outbreak from 2002–2003, which spread

from southern China through Hong Kong to the rest of the

world. Following SARS, the Centre for Health Protection

was established to take a leading role in the prevention and

control of diseases in Hong Kong. In 2004, the Hong Kong

Government created the Research Fund for the Control of

Infectious Diseases with an endowment of US$57 million,

aiming to encourage, facilitate, and support research on the

prevention, treatment, and control of infectious diseases.

The population of Hong Kong have on one hand been

sensitized to the risk of emerging infectious diseases

through these experiences in the last 15 years, while Hong

Kong’s close connectivity to China and south-east Asia has

led to fears that it may be one of the first developed cities

affected by a novel pathogen such as a new pandemic influ-

enza strain that emerges in the region.3 As a result, Hong

Kong has invested heavily in infrastructure in preparation

for future epidemics and pandemics. There has also

been substantial investment in research infrastructure,

essential to guide evidence-based policy locally as well as
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internationally. Following the World Health Organization

(WHO) global alert in April 2009, Hong Kong health

authorities initially operated under containment efforts,

including entry screening at airports, ports and border

crossings, hospital isolation of cases, tracing and quarantine

of contacts, and routine antiviral prophylaxis. Once the first

local case was identified on June 11, Hong Kong transi-

tioned to mitigation efforts, with greater attention to public

health promotion of preventive measures. All kindergartens

and primary schools were closed from June 12 until sum-

mer vacation in early July, while 43 secondary schools were

closed after 1 or more confirmed case was identified. Inci-

dence peaked in September, and the first wave petered out

by early November. Confirmed pH1N1 infection was a noti-

fiable disease throughout the first wave. Figure 1 summa-

rizes a timeline of the first wave of pH1N1 in Hong Kong.

Here, we review the epidemiological and public health

research response to pH1N1 in Hong Kong. Summarizing,

describing, and reviewing the Hong Kong’s response to the

2009 pandemic, this article aimed to identify key elements

of the successful real-time research response. In particular,

we consider some of the factors that facilitated a rapid and

comprehensive research response to pH1N1 that could be a

potential template for the research response in other

countries.

Methods

Search strategy
Studies were retrieved from the electronic databases

PubMed and EMBASE on April 19, 2012. We used the

following free text search terms (<influenza> OR <flu> OR

<pH1N1> OR <nH1N1> OR <pandemic> in ‘Title ⁄ Ab-

stract’) AND (<Hong Kong> in ‘Title ⁄ Abstract’ or ‘Affilia-

tion’) to identify studies on pH1N1 in Hong Kong. We

also limited the search to articles published after the WHO

issued the first alert on the novel H1N1 virus (April 24,

2009). Therefore, we included papers that were published

within 3 years of the identification of pH1N1. Other

relevant studies identified by the authors were manually

retrieved.

Study selection
All titles of the papers identified by the search strategy were

independently screened by two authors (P. W. and B.J.C.).

Abstracts (plus full text) of manuscripts with potentially

relevant titles (abstracts) were reviewed for eligibility. Arti-

cles were considered as eligible when falling under one or

more of three following categories of interest: (i) studies on

the epidemiological dynamics and clinical course of infec-

tion with pH1N1, including transmission, severity, risk
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Figure 1. Timeline of the response to pH1N1 in Hong Kong versus the weekly numbers of hospitalizations of confirmed pH1N1 cases during the

first wave, April–December 2009.
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factors, and clinical features; (ii) studies on clinical, eco-

nomic, or psychosocial impact of pH1N1; and (iii) studies

on pharmaceutical and non-pharmaceutical interventions

against pH1N1.

Data extraction
Details of the included studies were examined to identify

the focal interests of research, the study design and the data

used in the study, and the key findings of the study were

extracted. The studies were analyzed according to the cate-

gories listed above. Articles could be included in more than

one category. Based on the data, we enumerated essential

components of findings that were independently covered in

Hong Kong through its own epidemiological studies.

Results

Three hundred and seventy-six titles were identified

through the database search. Of the 85 articles assessed for

inclusion after examining the abstracts, we excluded 30

articles, which belong to case reports, commentaries, views,

reviews, studies on genetics, or duplicate studies. Fifty-five

full-length articles were finally included in this review

(Figure 2). Articles relevant to infection dynamics and nat-

ural history, impact, or control are listed in Tables 1–3,

respectively. All of the studies were conducted by first

authors whose primary affiliation was an institute in Hong

Kong. All studies were supported by local funding, includ-

ing 32 (58%) that were supported by the Research Fund

for the Control of Infectious Diseases. In addition, 13

(24%) studies acknowledged funding from international

sources.

Epidemiology of pH1N1
Of the 22 studies investigating pH1N1 infection dynamics

and natural history, 14 described the epidemic dynamics of

pH1N1 transmission,6–19 three examined the risk of infec-

tion and ⁄ or severity of the disease,20–22 and five studies

assessed clinical features of pH1N1 infection 23–27

(Table 1).

The initial effective reproduction number was estimated

to decrease from around 1Æ4–1Æ5 at the start of the epi-

demic to around one during the school closures and sum-

mer vacations based on patterns in the incidence of

confirmed cases and hospitalizations.9,10 Geographical

clustering of confirmed cases was observed.14–16

The risk of confirmed secondary pH1N1 infection

among household contacts of 65 confirmed index cases was

estimated at around 6% in a contact investigation of a

school outbreak of pH1N1.13 Another household transmis-

sion study found that the risk of confirmed secondary

pH1N1 infection was similar for pH1N1 and seasonal

influenza in 99 households.18 Children appeared to be

more susceptible to infection13 and more infectious than

adults.18 Similarity in household transmissibility of pH1N1

and seasonal influenza was also observed in a prospective

household cohort study during the pandemic.12 Seasonal

influenza and pH1N1 had similar patterns of viral shed-

ding,18 clinical presentation,25 and risk of admission to an

intensive care unit (ICU) and death,24 while hospitalized

patients with pH1N1 infection tended to be younger and

have higher mortality rates and higher frequency of com-

plications,21 with different patterns of preexisting risk fac-

tors of severe disease.24 One small case–control study could

not confirm whether serum immunoglobulin G2 deficiency

was a risk factor for severe infection.20

A series of serologic studies were conducted in Hong

Kong to estimate the cumulative incidence of infection

through the course of the first wave.7,8,11,19,26 These studies

indicated that about half of all children and 10–15% of the

population had been infected with pH1N1 during the first

wave of the pandemic. In combination with data on the

number of hospitalizations, ICU admissions, and deaths

associated with confirmed pH1N1, these serologic studies

were also used to infer the severity profile of pH1N1 infec-

tion. While only around 10 and 1 per 100 000 infections

were associated with admission to ICU or death in chil-

dren, respectively, the risk of severe disease increased sub-

stantially with age to 220 per 100 000 in those aged

60 years or older.7,19 Serologic surveillance has the potential

to provide timely estimates of transmissibility and severity

in the next pandemic.8 A serologic study found similar

seroprevalence among healthcare workers compared with

the general community,22 while another study estimated

similar risk of confirmed pH1N1 infection among clinical
Figure 2. Flow chart of the study selection process.
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and non-clinical healthcare workers after adjustment for

age.17 A small serologic study did not find evidence of the

induction of anti-ganglioside antibodies by influenza

viruses or vaccines.27

Impact of pH1N1
Among the 27 studies describing the impact of pH1N1, six

reported the clinical impact,6–8,10,11,19 20 investigated psy-

chological and ⁄ or behavioral responses to pH1N1 infec-

tion,28–47 and one study reported changes in the dynamics

of circulating respiratory viruses potentially caused by the

emergence of pH1N148 (Table 2). No studies were identi-

fied that investigated the economic impact of pH1N1. Dur-

ing the first wave in Hong Kong between April and

December 2009, there were 7508 hospitalizations, 148 ICU

admissions, and 63 deaths associated with pH1N1.7,8,10,11,19

One study estimated that there were 127 excess deaths

associated with pH1N1, approximately double the number

of deaths of confirmed cases.6

In the early stage of the pandemic, the local population

generally did not perceive pH1N1 infection to be a threat

nor estimate a high possibility of having a local outbreak.31

In another serial cross-sectional study, the perceived sus-

ceptibility to and severity of pH1N1 infection were fairly

stable.30 Avoidance behaviors, such as hand washing, mask

wearing, or social distance, had been taken by many

respondents since the beginning of the pandemic,30,32–34

while social distancing measures declined in its frequency

through the course of the first wave.30 Preventive measures

taken by the population against the pandemic were depen-

dent on a variety of factors, such as knowledge about the

virus30 and the efficacy and adverse effects of protective

measures,44,46 perceived risk of infection,45 trust in for-

mal ⁄ informal information about pH1N1,37 and previous

experiences with avian influenza and SARS.29

A study conducted in July 2009 reported reasonable

acceptability of the pH1N1 vaccine, with around 50% of

survey respondents reporting intention to receive pH1N1

vaccine for free, declining to 15% if the cost of the vaccine

was higher than US$25.41,42 The government subsequently

ordered 3 million doses of pH1N1 vaccine for the local

population of 7 million, and began distribution in Decem-

ber 2009. However, pH1N1 vaccine uptake was low, with

<250 000 doses administered mainly to the elderly and

healthcare workers. A subsequent longitudinal study found

that intention to receive vaccine was an unreliable predictor

of subsequent vaccine uptake.44

Among healthcare workers, a study conducted in May

2009 found around 50% of survey respondents willing to

receive pH1N1 vaccine.45 Another study of community

nurses in June 2009 found only 27% reporting willingness

to receive pH1N1 vaccine.40 Uptake of the monovalent

pH1N1 vaccine was associated with previous seasonalT
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influenza vaccination history, and fear of side effects.46,49

Given the essential role of healthcare workers in fighting

against the pandemic, their responses to the pandemic were

also investigated. Around one-quarter of community nurses

reported being unwilling to take care of patients during the

pandemic.39 However, during the pandemic period, health-

care workers who worked in isolation wards showed a gen-

eral willingness and strong sense of duty to work.38

Control of pH1N1
Information on the effectiveness and impact of control

measures on pH1N1 was reported in 14 studies9,13,49–60

(Table 3). In terms of public health measures, one study

estimated that the entry screening measures adopted by

Hong Kong and other countries could not have delayed

local transmission substantially.59 Closure of kindergartens

and primary schools from mid-June to July 2009 was esti-

mated to reduce transmission within children by 75%.9

Treatment of pH1N1 patients with oseltamivir was dem-

onstrated to be effective in suppressing viral load and

shortening duration of viral shedding when administered

within 48 hours of illness onset,50,51 and empirical treat-

ment was found to be a cost-effective strategy for managing

patients hospitalized with severe respiratory infection sus-

pected of influenza.52 Treatment of severe pH1N1 infec-

tions with hyperimmune intravenous globulin produced

from convalescent plasma collected from recovered patients

was able to the risk of death by 80% and to improve the

profile of viral shedding and cytokines in a small number

of patients with severe illness.56 The logistical feasibility of

passive immunotherapy was demonstrated in scenarios with

relatively lower donor percentage (5–15%) and limited

capacity of blood screening and processing.57

No studies reported efficacy or effectiveness of the mono-

valent pH1N1 vaccine in Hong Kong. One study investi-

gated the efficacy of seasonal trivalent inactivated vaccine

and found some evidence that vaccinated children might

face a higher risk of pH1N1, although the biological mecha-

nism was unclear.53 In a cohort of institutionalized elderly

followed through 2010, dual vaccination with the monova-

lent pH1N1 and trivalent seasonal vaccines was estimated to

reduce all-cause mortality by 54% and 74% compared with

seasonal vaccine alone and no vaccine,54 although surveil-

lance data indicated that pH1N1 was not prevalent during

this period. In a hospital setting, not wearing a mask was a

possible risk factor for nosocomial transmission.58

Discussion

The epidemiological and public health research response to

pH1N1 in Hong Kong covered many essential areas of

research into pH1N1 epidemiology (Table 4). In particular,

integration of different expertize from various angles ofT
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approaches to influenza has allowed Hong Kong research-

ers to study specific epidemiological aspects with a range of

modern approaches including detailed household transmis-

sion studies, real-time seroepidemiological surveys, and

mathematical modeling. Estimates of transmissibility and

severity of pH1N1 in Hong Kong were consistent with

observations in other countries.61–63 However, the clinical

impact was moderate, as most infections were associated

with mild disease. Only 63 local deaths were associated

with confirmed pH1N1 infection during the first wave

between April and December 2009, and 127 excess deaths6

compared with around 1000 excess deaths associated with

seasonal influenza every year in Hong Kong.64 The general

public, perhaps sensitized by previous experiences with

infectious disease epidemics including SARS, showed little

concern or behavioral changes once the mild severity pro-

file of pH1N1 became clear.28,30,32,37 School closures were

effective in suppressing transmission, although incidence

rose rapidly once schools reopened in September and half

of the school-age children were infected by the end of the

first wave.8 The use of convalescent plasma to treat severe

infections was shown to be feasible in a pandemic57 and

evidence of its effectiveness albeit from a small study

should justify further studies.56

While we focused on research into the epidemiology,

impact, and control of pH1N1, much important research

on pH1N1 has been carried out in other areas outside the

scope of our review. To give two specific examples, local

researchers confirmed the origins of the 2009 pandemic

strain by comparison with a detailed local swine influenza

surveillance program,65 and performed important basic

studies on pathogenesis.66

Two sets of studies made particularly important contribu-

tions to international knowledge on pH1N1 epidemiology.

First, household transmission studies allowed detailed infer-

ences on the transmissibility of pH1N1 as well as the (mild)

clinical profile of cases in the community.12,13,18 Household

studies have the unique advantage of a natural setting that

allows comparisons of transmission characteristics and the

effects of host, viral, and environmental factors on transmis-

sion. While the highest pH1N1 infection attack rates

occurred among school-age children, investigations of school

outbreaks can tend to overestimate transmissibility because

of selection bias where larger outbreaks are more likely to be

identified and studied. Second, serologic studies allowed

robust inference on the cumulative incidence of infection

through the first wave of pH1N1,7,8,11,19,26 and when com-

bined with surveillance data on severe cases allowed accurate

Table 4. Important research findings and public health implications contributing to knowledge about pH1N1

Key Components of epidemiologic

investigations (69) Corresponding research response in Hong Kong References

Defining cases Frequency of each clinical symptom was examined in household contacts (18)

Establishing cumulative

incidence of infection

Seroepidemiological studies permitted straightforward estimation of the

age-specific cumulative incidence of infection

(7,8)

Descriptive epidemiology

with respect to time,

space, and person

The effective reproduction number was around 1Æ4–1Æ5 at the start of the epidemic (10)

The probability of confirmed infection among household contacts was around 9%

and similar to seasonal influenza, while children had a higher risk of being

infected compared with adults

(12,18)

Geographic clustering of confirmed cases was identified (15)

Psychological responses among the general population were assessed (28–46)

The age-specific risk of severe illness and death was estimated on a per-infection

basis

(7,8)

Identification of risk factors Healthcare workers were not at particularly high risk of infection (17,22)

Underlying comorbidities of severe cases with pH1N1 were different from those

for seasonal influenza

(24,70)

Pharmaceutical interventions Timely antiviral therapy (<48 hours of symptom onset) with oseltamivir could reduce

viral load, duration of viral shedding among patients, and protect contacts against

infection

(13,50,51)

Intention to receive the pandemic vaccine was low in the general population and

healthcare workers

(40–42,44–46)

Passive immunotherapy might reduce the risk of mortality by around 80% in

severe pH1N1 infections

(56)

Non-pharmaceutical

interventions

School closures can reduce intra-age-group transmission among children by 70%

and overall transmission by 25%

(9)

Entry screening did not yield substantial delay in the spread of pH1N1 (59)

Mask wearing might prevent nosocomial infection among healthcare workers (58)
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estimates of the severity profile of pH1N1 on a per-infection

basis.7,8,11,19 It can be challenging to estimate the cumulative

incidence of infection based on data on numbers of con-

firmed cases, or from routine surveillance of illnesses pre-

senting to healthcare settings, because of the unknown

proportion of infections that are subclinical and potential

changes in healthcare-seeking behavior in a pandemic.67

The rapid and comprehensive research response to

pH1N1 in Hong Kong can be attributed to a number of

factors, such as improvements in public health infrastruc-

ture, creation of a supportive environment for academic

research, and sustained development of multidisciplinary

academic expertize (Table 5).

There were some limitations of the research response.

While the unique setting in Hong Kong facilitated some

of the studies discussed here, the uniqueness was also a

limitation when considering the generalization of research

findings. Given the importance of children in the spread

of influenza, greater attention could have been given to

outbreak dynamics in schools and in particular the many

outbreaks in September 2009 once schools reopened after

summer vacation. Oseltamivir was widely prescribed to

confirmed cases including those with mild disease, yet

there has been no systematic evaluation of the effective-

ness or cost-effectiveness of this policy. Finally, there has

not yet been a thorough investigation of the dynamics of

the second wave of pH1N1 in January–February 2011,

which unexpectedly had a similar clinical impact to the

first wave. Considering future infectious disease epidem-

ics, Hong Kong may be one of the few settings where

we have the opportunity to conduct a more concerted

and consolidated investigation of the epidemic at an

individual level. For instance, we believe that Hong Kong

is equipped with the infrastructure to plan a multidisci-

plinary (i.e., clinical, epidemiological, and virological)

program of investigation of early cases such as the first

few hundred (FF100) study in the United Kingdom in

2009.68

There are some limitations of our review. First, our

review only included studies published within around

3 years of the start of the pandemic, and some studies may

not have been published yet or may even be ongoing.

While the pH1N1 virus was not prevalent through 2010, a

second wave of infection occurred in January and February

2011 with a similar clinical impact to the first wave,

although detailed epidemiologic examinations of the second

wave have not yet been reported. Second, Hong Kong is a

densely populated city with a developed economy, and

some epidemiologic findings may not generalize to other

settings. For example, transmission dynamics may vary

owing to the high population density or the subtropical

environment, mortality among hospitalized patients may be

lower than in other settings with less investment in health-

care facilities, while the population impact may differ

owing to the unique historical experiences of the local pop-

ulation with infectious diseases. Nevertheless, many aspects

of pH1N1 epidemiology appear to have been similar in

Hong Kong to other developed settings.

In conclusion, there was a rapid and comprehensive

research response to pH1N1 in Hong Kong, providing

important information on the epidemiology, impact, and

control of the novel virus with relevance internationally as

well as locally. The scientific knowledge gained through

detailed studies of pH1N1 is now being used to revise and

update pandemic plans and preparedness. The experiences

of the research response in Hong Kong may also provide a

template for the research response to future emerging and

reemerging disease epidemics.

Table 5. Factors associated with the rapid and comprehensive research response to 2009 pH1N1 in Hong Kong

Key factors Components

Improvement of

public health

infrastructure

Establishment of the Centre for Health Protection in 2004 to improve preparedness and response to disease

outbreaks

Establishment of scientific committees in the government early in the pandemic to provide guidance to policy

makers

Creation of a

supportive environment

for academic research

Identification of the essential role of scientific evidence in guiding health policy and consequently building

capacity in infectious disease research

Encouragement and development of a multidisciplinary research approach through collaborative studies and

regular joint meetings

Establishment of a system for rapid review and funding for projects in public health emergencies

Expedited IRB review and approval procedures to ensure rapid initiation of research projects during public health

emergencies

Sustained development

of multidisciplinary

academic expertize

Maintenance of routine active research into influenza across disciplines

Initiation of a rapid research response to pH1N1 based on established research facilities and resources

Epidemiology, impact, and control of 2009-H1N1

ª 2012 Blackwell Publishing Ltd 379



Acknowledgements

This work received financial support from the Harvard

Center for Communicable Disease Dynamics from the

National Institute of General Medical Sciences (grant no.

U54 GM088558), and the Area of Excellence Scheme of the

Hong Kong University Grants Committee (grant no.

AoE ⁄ M-12 ⁄ 06). HN is supported by the JST PRESTO pro-

gram. The funding bodies were not involved in the collec-

tion, analysis, and interpretation of data, the writing of the

manuscript, or the decision to submit for publication. The

content is solely the responsibility of the authors and does

not necessarily represent the official views of the National

Institute of General Medical Sciences or the National Insti-

tutes of Health.

Conflicts of interest

BJC has received study funding from MedImmune Inc and

consults for Crucell MV. DKMI has received study funding

from F. Hoffmann-La Roche. The authors report no other

potential conflicts of interest. We declare that we have each

participated in the conception, design, analysis, and writing

of the report and that we have read and approved the final

version.

References

1 Leung GM, Nicoll A. Reflections on pandemic (H1N1) 2009 and the

international response. PLoS Med 2010; 7:e1000346.

2 Ferguson NM, Cummings DAT, Cauchemez S et al. Strategies for

containing an emerging influenza pandemic in Southeast Asia. Nat-

ure 2005; 437:209–214.

3 Cooper BS, Pitman RJ, Edmunds WJ, Gay NJ. Delaying the

international spread of pandemic influenza. PLoS Med 2006;

3:e212.

4 Coleman MT, Dowdle WR, Pereira HG, Schild GC, Chang WK. The

Hong Kong-68 influenza A2 variant. Lancet 1968; 2:1384–1386.

5 Claas ECJ, de JongJC, van BeekR, Rimmelzwaan GF, Osterhaus

ADME. Human influenza virus A ⁄ Hong Kong ⁄ 156 ⁄ 97 (H5N1) infec-

tion. Vaccine 1998; 16:977–978.

6 Yang L, Chan KP, Cowling BJ et al. Excess mortality associated with

the 2009 pandemic of influenza A(H1N1) in Hong Kong. Epidemiol

Infect 2012; PMID:22074735.

7 Wu JT, Ma ES, Lee CK et al. The infection attack rate and severity

of 2009 pandemic H1N1 influenza in Hong Kong. Clin Infect Dis

2010; 51:1184–1191.

8 Wu JT, Ho A, Ma ESK et al. Estimating Infection attack rates and

severity in real time during an influenza pandemic: analysis of serial

cross-sectional serologic surveillance data. PLoS Med 2011;

8:e1001103.

9 Wu JT, Cowling BJ, Lau EH et al. School closure and mitigation of

pandemic (H1N1) 2009, Hong Kong. Emerg Infect Dis 2010;

16:538–541.

10 Cowling BJ, Lau MS, Ho LM et al. The effective reproduction num-

ber of pandemic influenza: prospective estimation. Epidemiology

2010; 21:842–846.

11 Zhang AJ, To KK, Tse H et al. High incidence of severe influenza

among individuals aged over 50 years. Clin Vaccine Immunol 2011;

18:1918–1924.

12 Klick B, Nishiura H, Ng S et al. Transmissibility of seasonal and pan-

demic influenza in a cohort of households in Hong Kong in 2009.

Epidemiology 2011; 22:793–796.

13 Leung YH, Li MP, Chuang SK. A school outbreak of pandemic

(H1N1) 2009 infection: assessment of secondary household trans-

mission and the protective role of oseltamivir. Epidemiol Infect

2011; 139:41–44.

14 Lee SS, Wong NS. Characterizing the initial diffusion pattern of

pandemic (H1N1) 2009 using surveillance data. PLoS Curr 2010;

2:RRN1151.

15 Lee SS, Wong NS. The clustering and transmission dynamics of pan-

demic influenza A (H1N1) 2009 cases in Hong Kong. J Infect 2011;

63:274–280.

16 Lee SS, Wong NS. Reconstruction of epidemic curves for pandemic

influenza A (H1N1) 2009 at city and sub-city levels. Virol J 2010;

7:321.

17 Seto WH, Cowling BJ, Lam HS, Ching PT, To ML, Pittet D. Clinical

and nonclinical health care workers faced a similar risk of acquiring

2009 pandemic H1N1 infection. Clin Infect Dis 2011; 53:280–283.

18 Cowling BJ, Chan KH, Fang VJ et al. Comparative epidemiology of

pandemic and seasonal influenza A in households. N Engl J Med

2010; 362:2175–2184.

19 Riley S, Kwok KO, Wu KM et al. Epidemiological characteristics of

2009 (H1N1) pandemic influenza based on paired sera from a lon-

gitudinal community cohort study. PLoS Med 2011; 8:e1000442.

20 Chan JF, To KK, Tse H et al. The lower serum immunoglobulin G2

level in severe cases than in mild cases of pandemic H1N1 2009

influenza is associated with cytokine dysregulation. Clin Vaccine

Immunol 2011; 18:305–310.

21 Lee N, Chan PK, Wong CK et al. Viral clearance and inflammatory

response patterns in adults hospitalized for pandemic 2009 influ-

enza A(H1N1) virus pneumonia. Antivir Ther 2011; 16:237–247.

22 Zhou Y, Ng DM, Seto WH et al. Seroprevalence of antibody to pan-

demic influenza A (H1N1) 2009 among healthcare workers after

the first wave in Hong Kong. J Hosp Infect 2011; 78:308–311.

23 To KK, Chan KH, Li IW et al. Viral load in patients infected with

pandemic H1N1 2009 influenza A virus. J Med Virol 2010; 82:1–7.

24 To KK, Wong SS, Li IW et al. Concurrent comparison of epidemiol-

ogy, clinical presentation and outcome between adult patients suf-

fering from the pandemic influenza A (H1N1) 2009 virus and the

seasonal influenza A virus infection. Postgrad Med J 2010; 86:515–

521.

25 Chiu SS, Chan KH, Wong WH, Chan EL, Peiris JS. Age-matched

comparison of children hospitalized for 2009 pandemic H1N1 influ-

enza with those hospitalized for seasonal H1N1 and H3N2. PLoS

One 2011; 6:e21837.

26 Mak GC, Choy PW, Lee WY, Wong AH, Ng KC, Lim W. Sero-immu-

nity and serologic response to pandemic influenza A (H1N1) 2009

virus in Hong Kong. J Med Virol 2010; 82:1809–1815.

27 Lei T, Siu K-L, Kok K-H et al. Anti-ganglioside antibodies were not

detected in human subjects infected with or vaccinated against

2009 pandemic influenza A (H1N1) virus. Vaccine 2012; 30:2605–

2610.

28 Liao Q, Cowling BJ, Lam WW, Fielding R. The influence of social-

cognitive factors on personal hygiene practices to protect against

influenzas: using modelling to compare avian A ⁄ H5N1 and 2009

pandemic A ⁄ H1N1 influenzas in Hong Kong. Int J Behav Med

2011; 18:93–104.

29 Siu JY. Another nightmare after SARS: knowledge perceptions of

and overcoming strategies for H1N1 influenza among chronic renal

Wu et al.

380 ª 2012 Blackwell Publishing Ltd



disease patients in Hong Kong. Qual Health Res 2010; 20:893–

904.

30 Cowling BJ, Ng DM, Ip DK et al. Community psychological and

behavioral responses through the first wave of the 2009 influenza

A(H1N1) pandemic in Hong Kong. J Infect Dis 2010; 202:867–876.

31 Lau JT, Griffiths S, Choi KC, Tsui HY. Widespread public misconcep-

tion in the early phase of the H1N1 influenza epidemic. J Infect

2009; 59:122–127.

32 Lau JT, Griffiths S, Choi KC, Lin C. Prevalence of preventive behav-

iors and associated factors during early phase of the H1N1 influ-

enza epidemic. Am J Infect Control 2010; 38:374–380.

33 Lau JT, Griffiths S, Au DW, Choi KC. Changes in knowledge, per-

ceptions, preventive behaviours and psychological responses in the

pre-community outbreak phase of the H1N1 epidemic. Epidemiol

Infect 2011; 139:80–90.

34 Lau JT, Griffiths S, Choi KC, Tsui HY. Avoidance behaviors and neg-

ative psychological responses in the general population in the initial

stage of the H1N1 pandemic in Hong Kong. BMC Infect Dis 2010;

10:139.

35 Wong EM, Cheng MM, Lo SK. Teachers’ risk perception and needs

in addressing infectious disease outbreak. J Sch Nurs 2010; 26:398–

406.

36 Griffiths SM, Wong AH, Kim JH, Yung TK, Lau JT. Influence of

country of study on student responsiveness to the H1N1 pandemic.

Public Health 2010; 124:460–466.

37 Liao Q, Cowling B, Lam WT, Ng MW, Fielding R. Situational aware-

ness and health protective responses to pandemic influenza A (H1N1)

in Hong Kong: a cross-sectional study. PLoS One 2010; 5:e13350.

38 Wong EL, Wong SY, Lee N, Cheung A, Griffiths S. Healthcare work-

ers’ duty concerns of working in the isolation ward during the novel

H1N1 pandemic. J Clin Nurs 2011; 21:1466–1475.

39 Wong EL, Wong SY, Kung K, Cheung AW, Gao TT, Griffiths S. Will

the community nurse continue to function during H1N1 influenza

pandemic: a cross-sectional study of Hong Kong community

nurses? BMC Health Serv Res 2010; 10:107.

40 Wong SY, Wong EL, Chor J et al. Willingness to accept H1N1 pan-

demic influenza vaccine: a cross-sectional study of Hong Kong com-

munity nurses. BMC Infect Dis 2010; 10:316.

41 Lau JT, Yeung NC, Choi KC, Cheng MY, Tsui HY, Griffiths S.

Acceptability of A ⁄ H1N1 vaccination during pandemic phase of

influenza A ⁄ H1N1 in Hong Kong: population based cross sectional

survey. Br Med J 2009; 339:b4164.

42 Lau JT, Yeung NC, Choi KC, Cheng MY, Tsui HY, Griffiths S. Fac-

tors in association with acceptability of A ⁄ H1N1 vaccination during

the influenza A ⁄ H1N1 pandemic phase in the Hong Kong general

population. Vaccine 2010; 28:4632–4637.

43 Siu JY. The perceptions of and disincentives for receiving influenza

A (H1N1) vaccines among chronic renal disease patients in Hong

Kong. Health Soc Care Community 2011; 20:137–144.

44 Liao Q, Cowling BJ, Lam WW, Fielding R. Factors affecting intention

to receive and self-reported receipt of 2009 pandemic (H1N1) vac-

cine in Hong Kong: a longitudinal study. PLoS One 2011;

6:e17713.

45 Chor JS, Ngai KL, Goggins WB et al. Willingness of Hong Kong

healthcare workers to accept pre-pandemic influenza vaccination at

different WHO alert levels: two questionnaire surveys. Br Med J

2009; 339:b3391.

46 Chor JS, Pada SK, Stephenson I et al. Seasonal influenza vaccination

predicts pandemic H1N1 vaccination uptake among healthcare

workers in three countries. Vaccine 2011; 29:7364–7369.

47 Mak KK, Lai CM. Knowledge, risk perceptions, and preventive pre-

cautions among Hong Kong students during the 2009 influenza A

(H1N1) pandemic. Am J Infect Control 2012; 40:273–275.

48 Mak GC, Wong AH, Ho WYY, Lim W. The impact of pandemic

influenza A (H1N1) 2009 on the circulation of respiratory viruses

2009–2011. Influenza Other Respir Viruses 2012; 6:e6–e10.

49 Tarrant M, Wu K, Yuen C, Cheung K, Chan V. Determinants of

2009 A ⁄ H1N1 influenza vaccination among pregnant women in

Hong Kong. Matern Child Health J 2012; doi: 10.1007/s10995-

011-0943-1.

50 Li IW, Hung IF, To KK et al. The natural viral load profile of patients

with pandemic 2009 influenza A(H1N1) and the effect of oseltami-

vir treatment. Chest 2010; 137:759–768.

51 Leung YH, Lim WL, Wong MH, Chuang SK. Delayed oseltamivir

treatment is associated with longer viral shedding of pandemic

(H1N1) 2009 virus. Epidemiol Infect 2012; 140:814–817.

52 You JHS, Chan ESK, Leung MYK, Ip M, Lee NLS. A cost-effec-

tiveness analysis of ‘‘Test’’ versus ‘‘Treat’’ patients hospitalized

with suspected influenza in Hong Kong. PLoS One 2012;

7:e33123.

53 Cowling BJ, Ng S, Ma ES et al. Protective efficacy of seasonal influ-

enza vaccination against seasonal and pandemic influenza virus

infection during 2009 in Hong Kong. Clin Infect Dis 2010;

51:1370–1379.

54 Chan TC, Hung IFN, Luk JKH et al. Efficacy of dual vaccination of

pandemic H1N1 2009 influenza and seasonal influenza on institu-

tionalized elderly: a one-year prospective cohort study. Vaccine

2011; 29:7773–7778.

55 Wong HK, Lee CK, Hung IF et al. Practical limitations of

convalescent plasma collection: a case scenario in pandemic prepa-

ration for influenza A (H1N1) infection. Transfusion 2010; 50:1967–

1971.

56 Hung IF, To KK, Lee CK et al. Convalescent plasma treatment

reduced mortality in patients with severe pandemic influenza A

(H1N1) 2009 virus infection. Clin Infect Dis 2011; 52:447–456.

57 Wu JT, Lee CK, Cowling BJ, Yuen KY. Logistical feasibility and

potential benefits of a population-wide passive-immunotherapy pro-

gram during an influenza pandemic. Proc Nat Acad Sci USA 2010;

107:3269–3274.

58 Cheng VCC, Tai JWM, Wong LMW et al. Prevention of nosocomial

transmission of swine-origin pandemic influenza virus A ⁄ H1N1 by

infection control bundle. J Hosp Infect 2010; 74:271–277.

59 Cowling BJ, Lau LL, Wu P et al. Entry screening to delay local trans-

mission of 2009 pandemic influenza A (H1N1). BMC Infect Dis

2010; 10:82.

60 Chan KK, Lee KL, Lam PK, Law KI, Joynt GM, Yan WW. Hong

Kong’s experience on the use of extracorporeal membrane oxygen-

ation for the treatment of influenza A (H1N1). Hong Kong Med J

2010; 16:447–454.
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