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Abstract While human infections with avian influenza A (H5NI)

viruses in Asia have prompted concerns about an influenza

pandemic, the burden of human influenza in East and Southeast

Asia has received far less attention. We conducted a review of

English language articles on influenza in 18 countries in East and

Southeast Asia published from 1980 to 2006 that were indexed on

PubMed. Articles that described human influenza-associated

illnesses among outpatients or hospitalized patients, influenza-

associated deaths, or influenza-associated socioeconomic costs

were reviewed. We found 35 articles from 9 countries that met

criteria for inclusion in the review. The quality of articles varied

substantially. Significant heterogeneity was noted in case

definitions, sampling schemes and laboratory methods. Early

studies relied on cell culture, had difficulties with specimen

collection and handling, and reported a low burden of disease.

The recent addition of PCR testing has greatly improved the

proportion of respiratory illnesses diagnosed with influenza. These

more recent studies reported that 11–26% of outpatient febrile

illness and 6-14% of hospitalized pneumonia cases had laboratory-

confirmed influenza infection. The influenza disease burden

literature from East and Southeast Asia is limited but expanding.

Recent studies using improved laboratory testing methods and

indirect statistical approaches report a substantial burden of

disease, similar to that of Europe and North America. Current

increased international focus on influenza, coupled with

unprecedented funding for surveillance and research, provide a

unique opportunity to more comprehensively describe the burden

of human influenza in the region.
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Introduction

An improved understanding of disease burden in East and

South-East Asia is needed to support decisions involving

the allocation of limited resources toward influenza control

programs. In the absence of a robust body of literature that

describes the health and socioeconomic burden of disease,

influenza has been seldom considered an important cause

of respiratory illness, and control programs have advanced

slowly or not at all. In the United States and Europe, many

research studies and surveillance systems have documented

a significant disease burden in terms of morbidity, mortal-

ity, and economic losses.1–5 These data have supported the

development and expansion of influenza surveillance and

vaccination programs.6–8 This review was undertaken to

identify and summarize published articles that describe the

burden of human influenza in East and South-East Asia.

Recommendations for standardizing and improving meth-

ods for disease burden estimation, and outlining future

directions for research that will support influenza control

strategies in this region are discussed.

Methods: Search strategy and selection
criteria

A three-step approach was used to identify articles describing

the human health, social, and economic burden of human

influenza in East and South-East Asia (Figure 1). First, we

conducted a literature search of English-language articles in

the PubMed database (http://www.ncbi.nlm.nih.gov/sites/

entrez) that were published from January 1980 through

December 2006 and contained original research data. Papers

that included data from any of the 18 internationally recog-

nized countries located in East and South-East Asia were

included in the search (Table 1). The search terms used were

‘influenza’ and the name of each country. For example, the
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terms ‘influenza and Thailand,’ ‘influenza and Japan,’ and so

forth were entered. Next, geographic descriptors included in

the PubMed Medical Subject Headings (MeSH) (http://

www.ncbi.nlm.nih.gov/sites/entrez?db=mesh) database were

used to search for influenza publications with a regional

focus. Specifically, the terms ‘Asia, Southeastern and influ-

enza’ and ‘Far East and influenza’ were entered.

Second, the titles of all citations returned from the PubMed

database searches were scanned for relevance. Titles were

reviewed for the presence of any of the following key words;

‘epidemiology,’ ‘surveillance,’ ‘burden,’ ‘mortality,’ ‘deaths,’

‘etiology,’ ‘pneumonia,’ ‘influenza-like illness,’ ‘acute upper

or lower respiratory infection,’ ‘hospitalization or hospital

admission,’ ‘seizure,’ ‘outpatient,’ and ‘social or economic

cost.’ Articles with titles that included at least one of these

words were considered ‘possibly relevant’ and the abstract

was reviewed. If an abstract contained information on

1652 Titles scanned for 
relevance using keywords 

667 Titles scanned for 
relevance using keywords 

51 articles determined to 
be relevant 

0 additional articles 
determined to be relevant 

PubMed search 
“Influenza and country” 
18 countries in East and 

Southeast Asia

PubMed search 
“Influenza and region” 
using Mesh database 

terms

51 relevant articles 
obtained and reviewed 

56 relevant articles 
identified that meet 
eligibility criteria     

35 articles included in 
the review 

References scanned. 
 5 articles not identified 

in PubMed search 
process added 

All relevant articles 
reviewed for inclusion 

criteria

Figure 1. Methods.

Table 1. Countries included in this review

South-East Asian countries East Asian countries

Brunei* Japan

Cambodia South Korea

East Timor* North Korea*

Indonesia Republic of China*

Laos* Hong Kong (PRC)

Malaysia Mongolia*

Myanmar Macau (PRC)*

Philippines* Taiwan (ROC)

Singapore

Thailand

Vietnam*

PRC, People’s Republic of China; ROC, Republic of China.

*No articles meeting criteria for inclusion.
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disease burden such as estimates of influenza incidence,

mortality, the contribution of influenza to hospitalized pneu-

monia cases or outpatient illness, or social and economic

costs, it was considered ‘relevant’ and the complete article

was obtained for further review. If there was doubt as to

whether the article was relevant based on the review of

the title and abstract, the article was considered ‘possibly

relevant’ and the complete article was obtained for review.

Third, articles that were considered ‘relevant or possibly

relevant’ were included in the final analysis if they met spe-

cific eligibility criteria. To be included, the article must

have provided a description of the time period under

study, the research or surveillance methods employed, the

sampled population including age groups, the case defini-

tion and a description of the laboratory testing methods

used. We excluded articles from studies that did not use

any type of laboratory confirmation. We also excluded arti-

cles published only in non-English languages. In a few cases

only an article’s abstract was published in English. In these

instances, the article was included only if the English lan-

guage abstract contained sufficient information to deter-

mine whether it met the eligibility criteria. Finally,

references cited in eligible articles were scanned for addi-

tional articles not identified through the PubMed search.

These articles were subjected to the same process as

described above to determine inclusion eligibility.

Results

The PubMed search returned 1652 records. Fifty-one of

these articles were determined to be relevant. The search by

geographic region returned 175 records for ‘influenza and

Asia, southeastern’ and 492 records for ‘influenza and Far

East.’ No additional relevant articles were identified using

the geographic search terms. A manual review of the refer-

ences cited from all relevant articles identified five additional

relevant articles. Among the 56 relevant articles identified,

35 met the eligibility criteria and were included in the

review. Articles included data from Thailand (9), Taiwan

(6), Hong Kong (6), Japan (4), Korea (3), Indonesia (1),

Myanmar (1), Malaysia (1), and Singapore (4).

The amount of information included in the articles var-

ied widely with few providing detailed descriptions of the

sampling approaches or laboratory methods. Frequently,

nonsystematic or convenience sampling schemes were used.

The majority of studies focused on children and a variety

of influenza-like illness (ILI) and pneumonia case defini-

tions were used. Most studies involving inpatients were

designed to identify the causes of pneumonia in children

and only five studies estimated influenza incidence. Most

articles published prior to 1997 focused on the virological

or other laboratory aspects of influenza including antigenic

characterization of influenza viruses and vaccine develop-

ment. Several articles documented influenza outbreaks at

schools, military camps, and remote hill tribe communities.

The majority of articles published between 1997 and 2006

focused on avian influenza A (H5N1) and pandemic pre-

paredness.

Fifteen articles focused on the etiology of pneumonia

requiring hospitalization (Table 2). Twelve articles assessed

the contribution of influenza virus infection to outpatient

illness (Table 3). Six studies focused on influenza-associ-

ated hospitalization while two studies estimated influenza-

associated mortality and a single study examined both top-

ics (Table 4). Three studies examined the contribution of

influenza virus infection to fever of unknown origin requir-

ing hospitalization or febrile seizures. Two studies enrolled

both outpatients and inpatients.9,10 Two studies estimated

the direct medical or social costs (lost work or school days)

of influenza.9,11

Influenza-associated pneumonia and fever
requiring hospitalization
The 15 studies that provided data on the contribution of

influenza virus infection to pneumonia requiring hospitali-

zation included a total of 18,156 patients in six countries

during 1982–2004. Twelve studies were among pediatric

patients, and 10 of these reported data from a single, urban

hospital. Most studies enrolled patients year-round for one

or more years, with the exception of two Japanese studies

where enrollment was limited to winter months.12,13 All

studies collected nasopharyngeal specimens, either aspirates

or swabs, from acutely ill participants. Fourteen studies

utilized cell culture as their primary influenza diagnostic

approach. Eight studies also used serologic methods to

detect a significant rise in influenza antibody titers between

acute and convalescent serum specimens. Across the 15

studies, respiratory viruses were identified in 22–46% of

the study participants.

Influenza type A viruses were identified in 0–12% of study

participants. Influenza type B virus infection was detected in

0–3% of pneumonia cases except for a single Japanese study

that reported 12% of pneumonia cases associated with influ-

enza type B.12 Overall, 0–14% of all hospitalized pneumonia

cases were attributable to influenza type A or B virus

infections when cell culture, immunofluorescent antibody

staining antigen (IFA) and ⁄ or antibody testing methods were

used. Two studies of patients hospitalized with fever in

Thailand found serologic evidence of influenza virus infec-

tion in 5% and 6% of patients, respectively.14,15 In the only

study to use reverse transcriptase polymerase chain reaction

(RT-PCR) testing, 80 (11%) of 761 pneumonia patients were

found to have evidence of influenza.9 In that study from

Thailand, RT-PCR identified 56 (70%) of 80 influenza-posi-

tive patients while 38 (48%) were identified by serology, and

16 (20%) were confirmed by cell culture.

Burden of influenza in East and South-East Asia
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Contribution of influenza to outpatient illness
Thirteen articles focused on influenza virus infection

among outpatients. Overall, these studies included more

than 55 000 patients with ILI from five countries in hospi-

tal outpatient departments and community health centers

during 1972–2004. The studies used a wide variety of case

definitions to identify patients with ILI. Six studies enrolled

only pediatric patients while seven studies also included

some adult patients. Cell culture was used for confirmation

of influenza virus infection in all studies. Three studies

published since 2004 utilized rapid influenza antigen tests

and 2 of these also used RT-PCR methods.9,16,17 Eleven to

26% of outpatients with ILI had laboratory-confirmed

influenza on an annualized basis across all studies. Studies

conducted in northern latitudes (Taiwan, Japan) reported

increases in influenza activity during the winter months

while most studies from tropical and subtropical countries

reported year-round influenza activity with increases during

the rainy months (May–September). Outbreaks of influenza

type B viruses were reported to occur during the cooler

months (January–March).18

Influenza-associated hospitalization and mortality
Studies that addressed influenza-associated hospitalizations

or mortality were conducted in Hong Kong or Singapore.

These studies used indirect statistical modeling methods to

analyze hospital discharge, cause of death, and virological

surveillance data to estimate influenza disease burden. In

Hong Kong, increased influenza activity was found to be

significantly correlated with pneumonia and cardiac deaths

as well as excess hospital admissions in the elderly and in

young children.19–22 In Singapore, 3Æ8% of all deaths were

attributable to influenza with the proportion of influenza-

associated deaths 11Æ3 times higher in persons over 65 years

of age than in the general population.23 Incidence rates for

influenza-associated hospitalization and mortality from all

studies were similar to those reported in the United States

using similar methods.1,24

Discussion

Outside of a few high income countries in the region, the

English-language literature describing the burden of human

influenza in East and South-East Asia is limited. Most arti-

cles published before 1997 focused on virological strain

surveillance or outbreaks while the majority of more recent

articles address avian influenza A (H5N1) and pandemic

preparedness. Only nine of 18 countries had articles that

met the eligibility criteria, and only five articles provided

estimates of influenza incidence on a population basis. In

most of the region, published data on influenza-associated

outpatient visits, hospital admissions, and mortality, as well
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as the direct and indirect economic costs related to influ-

enza, are limited or not available. However, several studies

from middle and high income countries (Thailand, Hong

Kong, Singapore, Japan) reported that the estimated bur-

den of human influenza is greater than previously appreci-

ated and similar to that of the United States and European

countries.9,13,19,21,23,25

Methodological issues
Influenza surveillance and research studies in the region

have utilized widely varying case definitions and the ability

to make comparisons is further limited by the substantial

variability in data collection and diagnostic testing methods

used.26–28 To facilitate disease burden comparisons over

time and across regions, researchers should use simple, pre-

cisely defined case definitions, employ representative sam-

pling methods, carefully collect and manage clinical

specimens, and employ sensitive PCR methods to detect

influenza virus infection. The World Health Organization

(WHO) has developed a definition for ILI that, if used,

would facilitate year to year and country to country compar-

isons.29 While the WHO case definition will not capture all

influenza cases across all ages, collection of data from a wide

range of patients (e.g., age, sex, underlying medical condi-

tions, date of illness onset, symptoms) can help develop

more specific case definitions for different age groups.

Sampling methodologies in the reviewed studies tended

to be based upon incompletely described convenience sam-

ples. Approaches that provide a sample representative of a

defined target population allow for estimation of popula-

tion-based incidence rates, a key parameter to measure dis-

ease burden. The collection of denominator data is also

important and will allow determination of the proportion

of influenza infections among outpatients with ILI and the

proportion of hospitalized pneumonia cases with influenza.

Reviewed studies used a variety of laboratory diagnostic

methods. Older studies relied predominantly upon chick

embryo or tissue cell viral culture. However, reliance on

these methods likely under-detects influenza virus infections

because the yield is highly dependent on obtaining samples

as close to illness onset as possible, proper specimen collec-

tion and handling, and differences in the duration and titer

of shed viruses between adults and children.30 The use of

multiple testing methods is recommended to identify a

higher proportion of influenza virus infections.

Polymerase chain reaction methods are more rapid and

sensitive than viral culture and technological improvements

are lowering its cost.31–33 Rapid influenza diagnostic tests

are simple to use and produce quick results which can be

particularly useful for socioeconomic analyses by reducing

recall bias.34 However, rapid tests have lower sensitivity than

PCR or viral culture and should not be relied upon alone for

estimating influenza disease burden.35 Serologic diagnosis ofTa
b
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acute influenza virus infection requires collection of paired

sera, with the convalescent serum specimen obtained about

2 weeks after the acute sample. Determination of interpret-

able hemagglutinin inhibition antibody titers is dependent

upon availability of antisera to circulating virus strains.

Therefore, serologic testing is more applicable for research

studies and is seldom used for routine surveillance.

The application of continuous quality control measures

and regular external assessments of laboratory procedures

is also essential.36 Several studies reported difficulties in rig-

orously maintaining these laboratory practices, which prob-

ably contributed to the low proportions of influenza virus

infections reported. Over time, these limitations may have

led to a misperception that influenza was not a major cause

of morbidity in these countries.

Future research strategies
There are many challenges to directly ascertaining the burden

of influenza. A proportion of persons with influenza virus

infection will be asymptomatic or have mild symptoms.37–40

Many symptomatic individuals with influenza may not seek

medical treatment despite missing work or school days.41

Laboratory confirmation of influenza virus infection is often

unavailable or not performed. Some patients with influenza

will test negative for influenza if they are no longer shedding

detectable levels of viruses while others might test falsely neg-

ative because of limitations of the test or improper specimen

collection and handling. Some influenza patients will present

with atypical symptoms and healthcare providers will not

suspect influenza, including infants with sepsis-like syn-

drome, children with febrile seizures or otitis media, and

elderly persons without fever.42–44 Patients with serious com-

plications from influenza may not be recognized, such as

those with exacerbation of chronic diseases, secondary bacte-

rial pneumonia or rare manifestations such as encephalopa-

thy, rhabdomyolysis, and myocardial infarction.45–47 Taken

together, these factors suggest that even well-conducted

research and surveillance systems are likely to underestimate

the burden of influenza.

Indirect methods for estimating influenza disease burden

have been developed to supplement studies using labora-

tory confirmed testing as an outcome. These include

retrospective epidemiological modeling to estimate influ-

enza-attributable morbidity and mortality based upon

hospital discharge diagnoses, outpatient and emergency

room records, vital statistics registry, and influenza surveil-

lance data.1,19,48,49 The most common examples are esti-

mates of excess influenza-attributable hospitalizations and

deaths based on pneumonia and influenza cases during

periods when influenza viruses are circulating at levels sig-

nificantly above baseline. These methods depend on the

availability of hospitalization and cause of death data, as

well as multi-year influenza virological surveillance data.

Many low- and middle-income countries do not have such

data, which limits indirect disease burden ascertainment in

much of the region. Ideally, both direct and indirect mea-

surements of influenza burden can complement each other

and should be undertaken to provide a more complete esti-

mate of the impact of influenza.

Limitations
We considered only articles published in peer-reviewed Eng-

lish language journals or those with an English language

abstract that provided sufficient information to meet our eli-

gibility criteria. We limited our search to the PubMed data-

base. We did not include a potentially large number of

influenza articles published only in Japanese, Chinese, and

Korean journals. We also did not include data presented

only at scientific meetings or published as conference

abstracts. Nonetheless, we feel that our findings are informa-

tive and represent the most complete review to date of the

influenza literature in this region. We were unable to present

summary estimates of influenza incidence or aggregate data

due to the variability of case definitions, methodologies, and

data presented. Although we reviewed the literature from 18

Table 5. Influenza research gaps in East and South-East Asia

Surveillance to define seasonal trends in influenza activity

(a) Among urban populations

(b) Among rural populations

(c) Multiple years

(d) Year-round

(e) Among populations in different climatic zones

(f) Among all age groups

(g) Population-based

Influenza-attributable mortality

(a) To establish mortality rates, describe, and identify high-risk

groups for death from complications of influenza among all

age groups where the prevalence of chronic diseases or

co-infections may differ from Western populations

(b) Population-based

Influenza-associated outpatient and hospitalization rates

(a) To establish morbidity rates, identify and describe

high-risk groups for serious complications of influenza

among all age groups where the prevalence of chronic

diseases or co-infections may differ from Western

populations (e.g., neurologic complications associated

with influenza such as encephalopathy and encephalitis)

(b) Population-based

Economic studies

(a) Ascertain direct medical care costs

(i) Home treatment costs, over-the-counter medicines

(ii) Outpatient medical care visits

(treatment, testing, provider, facility costs)

(iii) Inpatient medical care costs

(treatment, testing, provider, facility costs)

(b) Estimate indirect and societal costs

(i) Lost work and school days

(ii) Reduced productivity due to illness, death
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countries in East and South-East Asia, we did not include

articles about influenza burden in South Asia. The burden of

influenza in such large and densely populated countries as

India, Pakistan, and Bangladesh merits further review.

Conclusion

The published literature on the burden of influenza in East

and South-East Asia is limited but expanding. Early studies

appear to have underestimated influenza disease burden

because of limitations in study design and laboratory test-

ing methods. Recent studies that have employed multiple

laboratory assays and more rigorous protocols, as well as

those using indirect methods of ascertainment, report a

substantial burden of disease, similar to that in North

America and Europe.9,19,23 Our review revealed a number

of areas where further research is needed. Major research

gaps include the socioeconomic impact of influenza as well

as influenza-attributable mortality (Table 5).

Recently, epidemiological and laboratory capacity in the

region have been strengthened by unprecedented investments

in training and infrastructure motivated by concerns of an

impending pandemic. It is incumbent upon the influenza

research community to capitalize on this window of opportu-

nity to establish sustainable surveillance systems and design

research studies to better describe the epidemiology and

impact of human influenza. Recognition of the substantial

health burden of human influenza and continued investment

in influenza surveillance is essential to maintain and improve

upon the capacity of the region to detect new strains of sea-

sonal influenza, and to be prepared to detect the emergence

of a new pandemic virus. With the exception of a few coun-

tries in the region (e.g., Japan, South Korea), very little influ-

enza vaccine is used.50 Well-designed population-based

surveillance and research studies that yield representative data

on the burden of influenza can be used to motivate and guide

decision making on the expanded use of influenza vaccine.
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