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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.' These data have supported the
development and expansion of influenza surveillance and
vaccination programs.®® 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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PubMed search
“Influenza and country”
18 countries in East and

Southeast Asia

l

1652 Titles scanned for
relevance using keywords

!

51 articles determined to
be relevant

PubMed search
“Influenza and region”
using Mesh database
terms

!

667 Titles scanned for
relevance using keywords

l

0 additional articles
determined to be relevant

|

51 relevant articles
obtained and reviewed

l

References scanned.
5 articles not identified
in PubMed search
process added

{

56 relevant articles
identified that meet
eligibility criteria

!

All relevant articles
reviewed for inclusion
criteria

{

35 articles included in
the review

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.

Figure 1. Methods.

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
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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-

Burden of influenza in East and South-East Asia |

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.”!® Two studies estimated
the direct medical or social costs (lost work or school days)
of influenza.”"'

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.'>"> 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.'? 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.'*'* 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.’ 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.
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_ 8 _ Contribution of influenza to outpatient illness
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E‘ 3 S5 8k« tal outpatient departments and community health centers
during 1972-2004. The studies used a wide variety of case
§ S 3 definitions to identify patients with ILI. Six studies enrolled
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Ew pa s e some adult patients. Cell culture was used for confirmation
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o SE oL 8 published since 2004 utilized rapid influenza antigen tests
- Z%5 5 &
§°\° =4 24 2 and 2 of these also used RT-PCR methods.”'®'” Eleven to
2= \”ol % 5 % B % 26% of outpatients with ILI had laboratory-confirmed
3 < < . . . . .
£« L © = influenza on an annualized basis across all studies. Studies
! conducted in northern latitudes (Taiwan, Japan) reported
< % s increases in influenza activity during the winter months
s 9 = while most studies from tropical and subtropical countries
o o [e] . .. . . .
2. E E & 2 reported year-round influenza activity with increases during
o > @) 3 . .
s E 2 § ° 2 the rainy months (May-September). Outbreaks of influenza
o (%] 5 . .
ﬁ‘aE'S 2 g § < type B viruses were reported to occur during the cooler
| > Ei= =
< months (]anuary—March).18
c § ]
g = . . = Influenza-associated hospitalization and mortality
gg f > > E‘:“ Studies that addressed influenza-associated hospitalizations
> (o] < . . .
w e = v v = or mortality were conducted in Hong Kong or Singapore.
o These studies used indirect statistical modeling methods to
Eg g 0 & © analyze hospital discharge, cause of death, and virological
O = @ - N surveillance data to estimate influenza disease burden. In
- Hong Kong, increased influenza activity was found to be
£ " & significantly correlated with pneumonia and cardiac deaths
0 3 N (] 52 as well as excess hospital admissions in the elderly and in
] w3 . - .
22 v = N E B young children.'”** In Singapore, 3-8% of all deaths were
attributable to influenza with the proportion of influenza-
woc . . . .
©= 8 associated deaths 11-3 times higher in persons over 65 years
%r_‘j 935 9 g z of age than in the general population.” Incidence rates for
- BEE i = Ze 2 influenza-associated hospitalization and mortality from all
(SR ) (4) B2 0 . .. . .
'% NN = EOE SR RC R studies were similar to those reported in the United States
9] O s U o QY™ . P
=5 85882233 Ege ] using similar methods."**
28 | 858828883538
w T o o o o »n C
2y @ 0w Discussion
L I 1 I I
= O py py IR . . . . . .
g 2 g & & Outside of a few high income countries in the region, the
- = = . . o
English-language literature describing the burden of human
2 influenza in East and South-East Asia is limited. Most arti-
> S . . . .
£ . & 2 > = cles published before 1997 focused on virological strain
3 5§ B T 5 -g surveillance or outbreaks while the majority of more recent
o VA = T . .. .
< articles address avian influenza A (H5N1) and pandemic
T E preparedness. Only nine of 18 countries had articles that
= 2 5 met the eligibility criteria, and only five articles provided
§ Q& g é & s estimates of influenza incidence on a population basis. In
o 5 &k 8 2 < most of the region, published data on influenza-associated
@ v [ — . . . . . .
2 s c £ e o) outpatient visits, hospital admissions, and mortality, as well
= > < 5 W = S
= < < an Jo U o

© 2008 The Authors
Journal Compilation © 2008 Blackwell Publishing Ltd, Influenza and Other Respiratory Viruses, 2, 81-92 85



| Simmerman, Uyeki

Ajlenuue acussae ssauj|i
4o skep 000 GL€

‘SHSIA DIUID 000 025
‘ezuan|jul JO sased

paijads Jou adAy

e1ep 3dUE||IPAINS
|e2160]0.IA

pue SJNsiiels [eHA
‘leydsoy ‘Aanuns

000 0€9 parewns3y ‘9% G| abelany UOIIR(OSI SNIIA  SQBMS 1R0IY] v/N sabe ||y Buisn sarewnisy 66-886| alodebuls L1239 BN
uolss|wsuel}
buo|-1eak
Jsowle jo
pa1daje Jsow punoibdeq e SUlP
uaJp|iy> BunoA Jsuiebe JUBWUISACD WOy
syuow z-91 (aunf — Judy) Soam Jad syuaiedino % |6
K193 s3ealgino Ssyealqino suawidads ‘dUB||IBAINS R CRE]
g adA) ezuanju |lenuuy, uone|os! SNUIA  SOeMS 1eouy| 0z sabe ||y |aunuUas 98-z/61 oJodebuls weybuisiesoq
,syead uosess uoie|os
Aures ypum SNJIA pue 3dUE||IPAINS
punol paiynads jou YDd-1Y sgems |eseu sieah 1< |unuas
13k paye|os], adAy (L 1) zLL ‘sysa} pidey pue jeoiy . 7Sl %G8 SIedk p< 9A123ds0ld £0-6661 elsauopul PN CRERIENRE|
So1UlP
a1eAud omy
'ado
,SnuIA malb |endsoy suo
suawads annisod uope|os| sqems sieak o> ‘dUE||IPAINS VCEE
1591 pidel Jo % L/, (19 (9:12) €€L snaIA 153} pidey  |eseu 1o Jeoly | 919 %6/ ‘sdbe ||y [2UNUSS 0—-€007 JewueAp emebasey
Jajuim ul
Jead ‘yuow sieah 71> SR ado
Kians payejos, (20-0)66 (¥0-0) ¥lT uone|os! snIIA - SqeMms 1eodyl 7885 %08 'sabe || € 'SdUP|IBMNS G6-6/61  uemie| 118 39 Buss|
ddo [exdsoy
duieipad
(900) 85 (900) S uone|os! SNIIA  SqeMS 3eouy| 0l6 sieak g1 > 8|buls ‘eAdadsold £6-G661  uemie] 90 /€ 30 Ul
syyuow sajedidse 4N 1o
JluIm Ui syesd  (£0-0) LGl (£0-0) vEE uonRe|os! SNIIA  SqeMS 3Ry 6061 sieak g1> Ll ‘ondadsold 66-/661  uemiel oc /B 19 les]
salioleloqe] | |
,uianed sajelidse dN ‘aoue||IdAINS
|[euosess Jeapd ON, () Gzl (9) 6961 uone|ost sniiA- - Sqems jeodyl SLL TE sabe ||y [euolleN #0-000C  uemie] 5918 39 UIYS
3IOM 150] JO SAep sado
uoljjiw |-€ paewnsy J1aquialdas |eudsoy [einJ Sl
SUSIA AdO —aunr paijads jou uol}e|os! SNJIA paseq-uole|ndod PCRE]
8/ 7776 parewnsy Sead buois 9dA) ((€7) 2SZ  "MDd ‘1591 pidey Sqems dN 2601 sabe ||y ‘an129ds0ld 0-£00Z  puejieyl uewRWWIS
paniodal Apaissed
1eak/000 001 /16-79
aAisod ezuanjjul
suswipads 1snbny 9DUE||IBAINS
2dUE||IBAINS — Repy papodal paniodal |BUONEU BUIINOJ o /€19
S0EVY 4O %vE edd 10N 10N UoIe(os! SNIIA - SQeMS Jeolyl SOEY v JO M3INSY Z0—-€661  puejeyl uewswiwis
ado [endsoy
,uaJp|iyd> bunoA uequn 3|buls
Ul uowwodun ‘9dUB||IBAINS /B
S ezusnjjuy, (z00-0) ¥ (6-2) S UOIR[OSI SNUIA - SQeMS Jeolyl 9€0¢ sieak g1 > ezusn|jul €8-6/61 PuejleyL eueyieeyind
ado [exdsoy
AbojoJas |H uequn 3|buls be 1832
(€¥) 9 (6:01) GL ‘UOIB[OSI SNUIA ‘4| sajedidse 4N 8¢l sieaf g> ‘9004 £8-9861  pue|ieyL eueyiereying
sbuipuiy A3y Ayljeuoseas (%) u (%) u spoyiaw adfy azis  dnoib aby adA) Apms (seaA Anunod Joyiny
‘q ezuanjjuj Y ezuanpjuj Aioresoqe uswpads s|dwes

ssau||l Juanedino pajeposse-ezusnjjul "€ ajqeL

© 2008 The Authors

Journal Compilation © 2008 Blackwell Publishing Ltd, Influenza and Other Respiratory Viruses, 2, 81-92

|86



Burden of influenza in East and South-East Asia

,suoibas aresadwal

Joy papodal asoyy buipasdxe

S91eJ YUM ‘uaip|iyd Buowe uolezijeydsoy

JO asned juepnodwi ue s ezusnjuj,

s1eak 01 -G uaIp|iy> 000 0L J2d 6:07 pue €-£§
s1eak G—z uaip|iyd> 000 0L Jd €-£/ pue 9-G7|
S1eak z—| uaJp|iyd 000 0L J3d €602 pue 81
‘Ajpnoadsal ‘6661 pue 8661 Ul
1eak |> ualp|ly> 000 0L 4od 7-887 pue G-8/¢

Ayande

ezuan|jul 4o spouad
JUSIDHIP So1el
uonezijeydsoy jo

87

:uonezijendsoy a|geinguiie 1eak/suswipads 000/-9 uosuedwod
BZUSN|JUI SS9OXd paisnlpy  uone|os snulA  sojedidse dN  “yep uoissiwpe [eydsoH  sieak 91> aA1ads0.19Y 271838 NIyDd
,S9LIUNOD UIDISOM WO} elep 01 |qesedwod
‘suostad Apsple buowe
SuoIssILpe |eydsoy ssadxa
JuedIIubIS YIIM paledosse si AJiAnoe ezuanjjul, ejep [e2160jolIA
KjaA2adsal |00z pue Yum sashjeue
‘0002 ‘6661 ‘8661 Ul Sieah g9< suonejndod uolssalbal
000 0L Jod ¢-€1 pue ‘z-67 '0-07 'G-85 1M EAIREINIEN|
SUOISSIWPE PaleID0SSe 1eak/suswipads 000L ‘SUoISsILpe
-ezUBN|JUI SSAOX3 paisnlpy  uoneosi sl sajedidse dN elep uoissiupe [endsoH  sieak $9< |eydsoy ssaox3 7 /e 19 dex
,Uoi2a4ul eZUSN|HUI
01 anp Aupiquow pue Ayjeriow juediiubis,
,SY1eap | 13 d pue A}IAIDe ezuanjul
U93M130 SUOIIB[3110D JuediIubIs Ajjednsiess, J1eak /suswinads ejep [ed160jolin
soseasip A103e|nduIn 000 £1-Gl ‘Slopow UoIssa1ba.
pue Aiojeaidsal 10} £/8 G| pue ‘I'3d 1oy e1ep S1EIS [BUA pue uole|a.I0d
suoljezijeydsoy Ssedxe | S0P ‘SYiesp Ssedxe SUOISSILPE Buisn suonezijeydsoy
|enuue €19 ‘yYaiejN-uer ul syead Ylm punol-les  uone|os sniiA  paldads JoN [eudsoy |8 Jo %8 1\ pue Sy1eap SsadxJ oze¥n
,ABbojopoyaw swes
Buisn sn ay3 03 Jejiwis sayel AJjeHOA,
JeaAk g9< Buowe Jeak,/000 00| J2d
Syeap 0-20| pue sieak g9—of buowe
aseasip Y1y woly 1eak/000 001 /SYresp €-£
pa1enosse-ezuanjul ejep [ed160jolin pue
9J9M SU1e3P ||B 4O %9 |—€ 1Bk /suswinads syieap Apeam Jo
SYIeaP [P JO %06-0L 000/-9 uolissalbal uossiod PCRE
painqgLiuod dnolb abe ueak y9<  uone|osl SN\ palynads 10N elep S1els [eyA IV 'SY1e3p SS9IX3 Buopn
,saseasip Alojelidsaiolpied 0} anp
uonezieydsoy uo eyep |e2160|olIA
1oedwi Jofew e sey ezuanjjul, Jeak /suswinads pue syunod
Ajjenuue suopezijeydsoy €€€8-860€ paq [eydsoy Ajyeam
I'8d Ssedxa sabe ||e 000’001 /E-6¢ skep paq JO uoIssalbal uossiod PEE
3oam Aq anisod ezusnjjul abelsAe 9 G.0L  UONe(OSI SnUlA  Palydads 10N [eudsoy [[e 40 %56 v ‘uonezieudsoy ssadx3j  00-9661  Buoy HBuoH Buopn
sbuipuiy Ay POy adfy azis o|dwes dnoib uondunsap Apns (s)1eaA Anuno) Joyiny
Aiojeroqe uswipads aby

Ayjepiow pue uonezijeydsoy pajeidosse-ezuanijul ‘i ajqeL

Journal Compilation © 2008 Blackwell Publishing Ltd, Influenza and Other Respiratory Viruses, 2, 81-92

© 2008 The Authors



| Simmerman, Uyeki

Table 4. Continued

Laboratory
Method

Specimen
type

Age

Key findings

Study description group Sample Size

Year(s)

Country

Author

Annual influenza-associated

Virus isolation,

Respiratory

57 060

Influenza-associated All

1996-03

Singapore

Chow

IFA, HI serology mortality from

specimens

Serum

specimens

mortality. Regression

model using vital

et al.??

all causes, P & I, C & R of 14-8, 2-9, and

11-9/100 000/year, respectively
3829(7%) influenza + (range 3-10%)
3-8% of total annual deaths were

statistics and virological

data

influenza-associated

‘Influenza A had significant
and robust effects on

monthly all-cause deaths’

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.213:19:21:23.25

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.**?® 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.”® 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.”® 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.’ ™ Rapid influenza diagnostic tests
are simple to use and produce quick results which can be
particularly useful for socioeconomic analyses by reducing
recall bias.* However, rapid tests have lower sensitivity than
PCR or viral culture and should not be relied upon alone for
estimating influenza disease burden.”® Serologic diagnosis of
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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.’® 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.*”*
Many symptomatic individuals with influenza may not seek
medical treatment despite missing work or school days.*'
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.**™** 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.**” 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."'**®* 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.

Burden of influenza in East and South-East Asia |

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
(i) 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.”'”** 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.’® 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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