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ไขหวัดใหญในประเทศไทย 
 

สมาคมไวรัสวทิยา (ประเทศไทย) 
 

คํานํา 
 

 กอนการระบาดของไขหวัดนก มีความตื่นตัวเกี่ยวกับโรคไขหวัดใหญนอยมากใน
ประเทศไทย การระบาดใหญทั่วโลก (pandemic) ครั้งสุดทายก็ไดผานไปแลวถึง 40 ป ทําใหคน
ในสังคมสวนใหญไมไดมีประสบการณตรง และไมไดตระหนักถึงความรายแรงของปญหา คน
สวนใหญจึงไมรูสึกวาไขหวดัใหญไมใชปญหารายแรง นอกจากนี้ก็ยังมีความเชื่อกันวาไขหวัด
ใหญไมใชปญหาสําคัญของประเทศในเขตรอน อยางไรก็ตามในชวงเวลาทีผ่านมาเราไมมีขอมูล
ชัดเจนถึงขนาดของปญหาของไขหวัดใหญ จึงทําใหมีความเห็นที่แตกตางกันถึงความสําคัญของ
ปญหาไขหวัดใหญ แตเม่ือเร็วๆนี้ไดมีการศึกษาในลักษณะ population-based ทําใหเราได
ขอมูลชัดเจนวาไขหวัดใหญเปนปญหาที่สําคัญ และมีขนาดของปญหาและความเสียหายทั้งตอ
สุขภาพของประชาชนและตอเศรษฐกิจใหญกวาคนทัว่ไปคาดไวมาก  สมาคมไวรัสวทิยามี
ความเห็นวาขอมูลเหลานี้มีความสําคัญและสมควรเผยแพรในวงกวาง เพ่ือใหบุคลากรทาง
สาธารณสุขของประเทศรวมทั้งบุคคลทั่วไดไดตระหนักถึงปญหานี้ รวมทั้งไดรวบรวมทบทวน
ขอมูลความรูเกี่ยวกับระบาดวิทยาของไขหวัดใหญโดยเนนขอมูลของประเทศเพื่อใหไดมีการนํา
ขอมูลน้ีเผยแพรเพ่ือใชประโยชนในการรวมกันควบคุมและปองกันโรคนี้ตอไป 
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ระบาดวทิยาของไขหวัดใหญ 
 
การเปลี่ยนแปลงของไวรสัไขหวัดใหญ 
 อาจกลาวไดวาไวรัสไขหวัดใหญมีการเปลี่ยนแปลงตัวเองอยูตลอดเวลา และการ
เปลี่ยนแปลงเปนหัวใจของการดํารงอยูและการแพรระบาดของไขหวัดใหญ ทั้งน้ีเน่ืองจากทั้ง
ธรรมชาตขิองไวรัสที่มีการกลายพันธุไดงายและความจําเปนในการดํารงอยูที่ตองอาศัยการ
เปลี่ยนแปลงเพื่อหลบหลีกจากภูมิคุมกันของผูติดเชื้อ [1] 
 การเปลี่ยนแปลงที่ทําใหไวรัสสามารถหลบหลีกจากระบบภูมิคุมกันของมนุษยไดน้ันเกิด
จากการกลายพันธุของไวรัสในสวนของโปรตีน hemagglutinin (HA) และ neuraminidase (NA) 
ไวรัสในแตละปจะคอยๆมีการเปลี่ยนแปลงของลักษณะของแอนติเจน (สิ่งที่ระบบภูมิคุมกัน
จดจํา) ของไวรัส บนโปรตีน HA และ NA ไปทีละเล็กละนอย ทําใหระบบภูมิคุมกนัของคนที่เคย
ติดเชื้อในปกอนๆไมสามารถจดจําหรือรูจักเชื้อที่เกิดใหมในปหลังๆ และทําใหเกดิการติดเชื้อซํ้า
ได การเปลี่ยนแปลงดังกลาวเราเรียกกันวา antigenic drift  
 
การเฝาระวงัไขหวัดใหญ  
 เพ่ือใหสามารถติดตามการเปลี่ยนแปลงของไวรัสไขหวดัใหญ รวมทั้งติดตาม
สถานการณการระบาดของไขหวัดใหญทัว่โลกไดอยางมีประสิทธิภาพและทันเวลา องคการ
อนามัยโลกไดจัดตั้งระบบเฝาระวังขึ้นมาตัง้แตป พ.ศ. 2480 โดยเปนเครือขายความรวมมือ
ระหวางประเทศ ปจจุบันมีหองปฏิบัติการรวมอยูในเครือขาย 114 แหงใน 83 ประเทศ ซ่ึง
กรมวิทยาศาสตรการแพทยก็เปนหนึ่งในหองปฏิบัติการในเครือขายนี้ โดยเขารวมเครือขายมา
ตั้งแตป พ.ศ. 2515 
 สําหรับในประเทศไทยกรมวทิยาศาสตรการแพทย มีเครือขายในการเก็บตวัอยางเพ่ือ
เฝาระวังเชื้อไขหวัดใหญใน 4 ภาค ไดแกที่จังหวัด ตาก, หนองคาย, ชลบุรี, สงขลา และใน
สวนกลางที่นนทบุรี นอกจากนี้ยังมีเครือขายหองปฏิบตัิการในจังหวดัตางๆ 13 แหง ซ่ึงไดเริ่ม
ขึ้นเม่ือเกิดการระบาดของไขหวัดนก และหองปฏิบัติการเหลานี้สามารถใหการวินิจฉัยทาง
หองปฏิบัติการไดทั้งไขหวัดใหญและไขหวัดนก  
 
สายพันธุของไวรัสไขหวดัใหญในประเทศไทย 
 เชนเดียวกบัในประเทศอ่ืนๆทั่วโลก สายพันธุของไวรัสไขหวัดใหญในประเทศไทยก็มี
การเปลี่ยนแปลงอยูอยางสม่ําเสมอ ตารางที่ 1 แสดงสายพันธุของไวรัสไขหวัดใหญที่พบใน
ประเทศไทยใน 5 ปที่ผานมา (พ.ศ. 2546-2550) จะเห็นไดวาจะมีสายพันธุและ type/subtype 
ของไวรัสที่เดนแตกตางกันในแตละป ซ่ึงสวนใหญจะเหมือนกับสายพันธุของไวรัสที่ระบาดใน
ภูมิภาคในปน้ันๆ 
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ตารางที่ 1 สายพันธุของไวรัสไขหวัดใหญที่พบในประเทศไทย 
 
ป 
พ.ศ. 

Type/sub
type 

% สายพันธุ 

2550 A/H1H1 
A/H3N2 
B 

2 
88 
10 

 

2549 A/H1H1 
A/H3N2 
 
B 

73 
10 
 
17 

A/New Caledonia/20/99 
A/Wellington/1/2004 
A/California/7/2004 
B/Hong Kong/330/2001 
B/Shanghai/361/2002 
B/Hawii/33/2004 
B/Malaysia/2506/2004 

2548 A/H1H1 
A/H3N2 
 
B 

6 
60 
 
35 

A/New Caledonia/20/99 
A/Wellington/1/2004 
A/California/7/2004 
B/Sichuan/379/99 
B/Hong Kong/330/2001 
B/Shanghai/361/2002 
B/Malaysia/2506/2004 

2547 A/H1H1 
A/H3N2 
 
 
B 

48 
38 
 
 
15 

A/New Caledonia/20/99 
A/Fujian/411/2002 
A/Wellington/1/2004 
A/California/7/2004 
B/Shanghai/361/2002 
B/Hong Kong/330/2001 
B/Sichuan/379/99 

2546 A/H1H1 
A/H3N2 
B 

0 
4 
96 

 
A/Fujian/411/2002 
B/Sichuan/373/99 

(ขอมูลจากกรมวิทยาศาสตรการแพทย และจาก WHO Global Atlas of Infectious Diseases: 
http://gamapserver.who.int/GlobalAtlas/home.asp) 
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ฤดูกาล 
 ไขหวัดใหญเปนโรคที่รูจักกันดีในประเทศหนาววาเปนโรคที่มาตามฤดูกาล โดยจะมีการ
ระบาดในฤดหูนาว แตสาํหรับประเทศไทยที่มีความแตกตางระหวางฤดูกาลนอยก็ทําใหบางคน
อาจคิดไปวาการระบาดอาจขึ้นกับฤดูกาลนอยลง แตในความเปนจรงิแลวขอมูลทีผ่านมามีความ
ชัดเจนวาในประเทศไทยก็มีลักษณะการระบาดที่ขึ้นกบัฤดูกาลอยางชัดเจนเชนเดียวกัน โดย
ชวงที่มีการระบาดมากที่สุดจะเปนชวงฤดฝูนและมีการระบาดตอเน่ืองไปในฤดูหนาวแลวลดลง
อยางมากในฤดูรอน ดังแสดงในรูปที่ 1 [2] 
 

 
รูปที่ 1 แสดงความสัมพันธของอัตราการรายงานโรคไขหวัดใหญกับฤดูกาลในประเทศไทย 
(จาก Simmerman et al, 2006)  
 
กลุมอายุ 
 ไขหวัดใหญเปนโรคที่พบในเด็กไดบอยกวาผูใหญ และเปนปญหาสาํคัญคือกอใหเกิด
ภาวะแทรกซอนคือปอดอักเสบไดบอยในเด็กเล็กและผูสูงอายุ [3] ขอมูลในประเทศไทยจากการ
สํารวจที่จังหวดัสระแกว พบวา 80% ของผูปวยไขหวัดใหญที่มาตรวจที่แผนกผูปวยนอกมีอายุ
ต่ํากวา 14 ป และเม่ือดูการกระจายตามอายุของผูปวยไขหวัดใหญที่มีปอดอักเสบ ก็จะเห็น
ชัดเจนวาพบมากในกลุมเด็กต่ํากวา 5 ขวบ และผูที่อายุมากกวา 65 ป ดังแสดงในรูปที่ 2 [4] 

 
รูปที่ 2 การกระจายตามอายุของผูปวยไขหวัดใหญที่มีปอดอักเสบ 
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ขนาดของปญหาและความสูญเสียจากไขหวัดใหญ 
 
ขนาดของปญหา 
 มีความเขาใจกันอยางผิดๆวาไขหวัดใหญเปนโรคของประเทศหนาวและสําหรับประเทศ
ในเขตรอนอยางประเทศไทย โรคไขหวัดใหญไมใชปญหาทางสาธารณสุขที่สําคัญ เน่ืองจากที่
ผานมาเราไมมีขอมูลที่ชัดเจนถึงอัตราปวยและขนาดของปญหาจากโรคนี้ แตเม่ือเร็วๆน้ีไดมี
การศึกษาในพื้นที่จังหวัดสระแกว ทําใหไดขอมูลที่ชัดเจนของอุบัตกิารณ และความสูญเสียที่
เกิดขึ้นซึ่งมีขนาดใหญกวาที่คาดคิดกันโดยทั่วไปมาก 
 ในระบบการเฝาระวังโรคของสํานักระบาดวิทยา กระทรวงสาธารณสขุ มีการรายงานโรค
ที่มีลักษณะทางคลินิกเขาไดกับไขหวัดใหญ (influenza-like illness) ในป พ.ศ. 2540 – 2547 มี
รายงานโรคนี้เฉลี่ย 66/ประชากร 100,000 คนในแตละป และในป พ.ศ. 2542 มีรายงานโรคนี้ใน
ผูปวยที่รับไวในโรงพยาบาล 21/100,000 คน ซ่ึงการที่มีสัดสวนของผูปวยที่รับไวในโรงพยาบาล
สูงเม่ือเทียบกบัอุบัติการณทั้งหมดแสดงใหเห็นวาการรายงานมีความโนมเอียงที่จะรายงาน
เฉพาะรายที่มีอาการหนัก ทําใหอุบัติการณดังกลาวนี้นาจะต่ํากวาความเปนจริงมาก [2] 
 ในป พ.ศ. 2546-2547 มีการศึกษาในพื้นที่จังหวัดสระแกวเพ่ือประเมินอุบัติการณของ
ไขหวัดใหญ โดยพบวามีอุบตัิการณของผูปวยไขหวัดใหญที่มารับการตรวจรักษาที่แผนกผูปวย
นอกของโรงพยาบาล 1420 ราย / ประชากร 100,000 และมีผูปวยไขหวัดใหญที่รับไวเปนผูปวย
ในของโรงพยาบาล 18-111 ราย/ ประชากร 100,000 ในหนึ่งป หรือคิดเปนจํานวนผูปวยทั้ง
ประเทศ เปนผูปวยนอกมากกวา 9 แสนรายตอป และผูปวยในประมาณ 12,000 – 75,000 ราย
ตอป [4] 
 อีกการศึกษาหนึ่งซ่ึงทําในระดับชุมชนในจังหวัดสระแกว ในป พ.ศ. 2546 ซ่ึงทําใหได
ขอมูลของผูปวยที่ไมไดไปรับการตรวจรักษาที่โรงพยาบาล ในการศกึษานี้พบวาอุบัติการณของ
ไขหวัดใหญเปน 5941 ราย / ประชากร 100,000 หรือคิดเปนจํานวนผูปวยทัว่ประเทศเกือบ 4 
ลานรายตอป [5]   
 
ความสูญเสยีทางเศรษฐกิจ 
 ในประเทศพฒันาแลวความสูญเสียทางเศณษฐกิจที่สําคัญจากไขหวดัใหญเปนผลงาน
การหยุดงานของผูปวย ในประเทศไทยแตเดิมซ่ึงเชื่อกันวาไขหวัดใหญไมใชปญหาสําคัญน้ันก็
ทําใหคิดกันไปเองวาความสูญเสียจากไขหวัดใหญคงไมมากนัก แตจากการศึกษาโดยการสํารวจ
ในจังหวัดสระแกวพบวาความเสียหายทางเศรษฐกิจจากไขหวัดใหญน้ันมีขนาดใหญกวาที่คิดกนั
ทั่วไปมาก โดยเปนการสํารวจจํานวนผูปวยไขหวัดใหญที่มารับการรักษาในแผนกผูปวยนอก 
และผูปวยไขหวดัใหญที่มีปอดอักเสบและรับเปนผูปวยในของโรงพยาบาล ขอมูลจากการศกึษา
น้ีทําใหประมาณไดวาความสูญเสียทางเศรษฐกิจของทัง้ประเทศจากไขหวัดใหญน้ันอยูระหวาง 
23.4 ถึง 62.9 ลานเหรียญสหรัฐ หรือประมาณ 750 – 2000 ลานบาท โดยในจํานวนนี้ 43% 
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เปนคาใชจายทางตรงจากการรักษาพยาบาล สวนที่เหลือเปนความสูญเสียทางออม เชนความ
สูญเสียที่เกิดจากการหยุดงาน [4] 
 ในอีกการศึกษาหนึ่งซ่ึงทําการสํารวจในชุมชนซึ่งเปนการประมาณจํานวนผูปวยทั้งที่ไป
ขอรับการรักษาและที่ซ้ือยากินเอง การศึกษานี้ไดประมาณวามีจํานวนผูปวยไขหวัดใหญทั้ง
ประเทศเกือบ 4 ลานราย ซ่ึงพบวาในการปวยแตละครั้งมีคาใชจายเฉลี่ย 663 บาท ซ่ึงเม่ือคูณ
กันแลว ก็จะทาํใหเปนความสูญเสียทางเศรษฐกจิสูงถึงประมาณ 2600 ลานบาทตอป [5] 
 
ตารางที่ 2 แสดงอุบัติการณของไขหวัดใหญและความสูญเสียทางเศรษฐกิจในประเทศไทย 
กลุมผูปวย อุบัติการณ/100,000 จํานวนผูปวยทั่ว

ประเทศ (แสนคน) 
ความสูญเสียทาง
เศรษฐกิจ (ลานบาท) 

ผูปวยปอดอักเสบที่รับ
ไวในโรงพยาบาล [4] 

18 - 111 0.12 – 0.75 137 – 940 

ผูปวยนอก [4] 1420 9 560 – 1000 
ผูปวยในชุมชน [5] 5941 40 2600 
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The cost of influenza in less wealthy tropical countries is needed to inform national vaccine policy decisions. Between September 2003 and
ugust 2004, we prospectively identified hospitalized pneumonia cases and outpatients with laboratory confirmed influenza in a Thai province.
isease incidence, patient interviews, medical record reviews, and data from a national health survey were used to calculate direct and indirect

osts which were extrapolated to the Thai population. Influenza was identified in 80 (11%) of 761 hospitalized pneumonia inpatients with
rojected annual incidence of 18–111/100,000 population. Influenza was confirmed in 23% of 1092 outpatients with an estimated annual
ncidence of 1420/100,000 population. Influenza was estimated to cause between US$ 23.4 and US$ 62.9 million in economic losses with
ost productivity accounting for 56% of all costs. The burden of influenza in Thailand is greater than previously appreciated, particularly in
oung children and the elderly. The impact and cost-effectiveness of influenza vaccination for high-risk groups merits further investigation.
ublished by Elsevier Ltd.

eywords: Influenza; Cost of illness; Thailand

. Introduction

Influenza is a vaccine preventable infectious disease that
auses morbidity in all age groups and appreciable mortal-
ty, especially in the elderly, young children, and those with
nderlying illness [1]. In the temperate climates of Europe
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and North America, seasonal influenza epidemics are associ-
ated with substantial illness, death, and significant economic
losses due to direct medical costs and absenteeism from the
workplace [2–4], while new data suggest that influenza is also
an important cause of illness in Hong Kong and Singapore
[5,6]. Recent studies have identified a significant disease bur-
den and cost of influenza in young children [7–9], a finding
which contributed to the US Advisory Committee on Immu-
nization Practices recommendation for influenza vaccination
of all healthy children aged 6–23 months [10].

In developed economies, influenza may cause 10–12% of
all absence from work [11] and while direct medical costs
are substantial, the primary economic impact of influenza
is from lost wages due to sickness absence [12,13]. In the
United States during 1976–1999, influenza was associated
with 88,479–225,985 hospitalizations and between 7608 and
72,399 (mean 34,470) deaths each year, the majority of these
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in elderly persons [10,12,14,15]. In 1981 the US Office of
Technology and Assessment estimated that influenza caused
US$ 1–3 billion in direct costs and US$ 10–15 billion in lost
earnings [16]. In countries where the vaccine is commonly
used, influenza vaccination has been shown to reduce absen-
teeism and healthcare costs in working adults [17,18], and
is cost-effective in the elderly [19,20]. In Taiwan, influenza
vaccination has been found to reduce hospital admissions and
length of stay and results in savings in healthcare costs at least
three times greater than the costs of vaccination [21,22]. The
burden of influenza in Hong Kong has been found to be com-
parable to temperate regions [6,23]. Fitzner et al. concluded
that influenza vaccination in Hong Kong was cost-effective
for the individual but not was not cost-effective from the soci-
etal perspective [24].

Thailand is a middle-income country with an annual per
capita income of US$ 2287, a 2004 population of 65,112,652
million persons and a strong public health infrastructure
[25]. Thailand has a policy of introducing new vaccines only
after careful consideration of the evidence of disease bur-
den, and the potential cost and benefit from such vaccines.
In the past, influenza vaccine has been underutilized with
fewer than 100,000 doses distributed to less than 1% of
the population annually [26]. Compared to other routinely
provided vaccines, the inactivated influenza vaccine is rela-
tively expensive at approximately US$ 6 per dose. However,
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Fig. 1. Thailand and Sa Kaeo province.

Thailand was 24.7◦C and an average of 1438 mm of fell over
all of meteorological stations in Thailand [29].

Patients with signs and symptoms of pneumonia and a
chest X-ray were enrolled from all hospitals in the province,
including six district hospitals, a large provincial hospital and
single military hospital. Pneumonia patients were recruited
as part of a comprehensive study of respiratory pathogens.
Within 48 h of admission and after informed written con-
sent was obtained, a nasopharyngeal swab specimen was
collected. The specimen was then split into aliquots and kept
frozen at −70 ◦C until tested at the Thai National Institute of
Health (NIH) laboratory by viral tissue cell culture accord-
ing to established methods [30]. The swab specimen was also
tested by RT-PCR, and paired sera were assayed to detect a
4-fold rise in influenza hemagglutinin inhibition (HI) anti-
bodies at CDC in Atlanta, GA, USA [31,32].

To estimate the burden of influenza pneumonia, we cal-
culated a baseline incidence using laboratory confirmed
f the disease burden and economic cost of influenza are
ound to be substantial, Thailand’s growing economy may
llow the country to consider targeted influenza vaccina-
ion to reduce the incidence of severe complications from
nfluenza and the associated costs. In addition to improving
ealth status and possibly reducing costs, the introduction
f influenza vaccine should improve Thailand’s prepared-
ess for a possible influenza pandemic [27]. Therefore, the
bjectives of this study were to estimate the incidence and
he direct and indirect cost of influenza-associated hospital-
zed pneumonia and outpatient febrile respiratory illness in
hailand.

. Methods

We prospectively identified all hospitalized pneumonia
atients using an active, population-based surveillance sys-
em carried out through collaboration between the Thailand

inistry of Public Health (MOPH) and the US Centers for
isease Control and Prevention (CDC) in Sa Kaeo province

n eastern Thailand [28] (Fig. 1). Sa Kaeo is a rural province
ocated about 200 km east of Bangkok with a population of
38,557 and an age distribution that is the same as the national
opulation [25]. Sa Kaeo has a population density of 75 per-
ons per km2 compared to 110 per km2 for all of Thailand
utside of Bangkok [25]. The per capita annual GDP of Sa
aeo province is US$ 914. During 2004 the mean daily tem-
erature in Sa Kaeo province was 27.52 ◦C with 1211 mm of
otal rainfall while the mean daily temperature across all of
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influenza pneumonia cases from our study as a lower limit
and made adjustments based on other studies of the study
population to estimate an upper limit. For example, primar-
ily due to difficulty in obtaining parental consent we enrolled
151 of 648 (23%) of children <5 with pneumonia while 601
of 1363 (44%) of eligible pneumonia patients from all other
age groups were enrolled. We also used data from a commu-
nity survey on health-seeking behavior in Sa Kaeo to adjust
for the approximately 20% of pneumonia cases who seek
care outside of a Sa Kaeo province hospital facility [33]. The
resulting incidence range was applied to the 2004 popula-
tion to estimate the number of hospital admissions due to
influenza pneumonia.

The average length of hospitalization for influenza pneu-
monia was multiplied by the routine service cost per day by
hospital type obtained from the Thailand MOPH. A medical
records review of 78 of 80 influenza pneumonia cases hos-
pitalized during 1 year was conducted to determine ancillary
medical care costs such as pharmacy and laboratory inves-
tigations, and therapeutic interventions. One elderly patient
with multiple, severe pre-existing comorbidities and a 255
day length of stay for nursing care of decubitus ulcers was
removed from the cost analysis. A second patient’s medical
record was not able to be located.

Routine service costs and ancillary costs were summed
to obtain the total cost per influenza pneumonia hospital-
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the 75 provinces and the Bangkok metropolitan area as
the primary strata. Household blocks and villages are the
secondary sampling units for municipal and rural areas,
respectively. From 109,966 enumeration blocks and villages
nationwide, 1932 were randomly selected for systematic
sampling of households. More than 67,000 members from
26,520 households were interviewed by National Statistical
Office staff in the 2004 National Health and Welfare Sur-
vey.

To examine the burden and cost of influenza managed in
the outpatient department we enrolled patients of all ages
with influenza like illness (ILI) from September 1, 2003 to
August 31, 2004. Influenza like illness was defined using the
WHO criteria of fever greater than 38 ◦C and either cough or
sore throat [34]. Patients were enrolled during two randomly
selected clinic days per week at five of eight public hospi-
tal outpatient departments (OPD) in Sa Kaeo province. After
obtaining informed consent, the QuickVue® (Quidel Com-
pany) Influenza Test was used by research nurses trained to
perform the test according to the manufacturer’s instructions
[35]. This rapid test has a reported sensitivity of 77% and
a specificity of 96% when compared to tissue cell culture
in Thailand [36]. Nasopharyngeal swabs were also collected
and tested by cell culture and RT-PCR as described for pneu-
monia patients above. Demographic and risk factor data were
collected from all ILI patients.
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zation. This figure was multiplied by the lower and upper
imits of the estimated number of influenza pneumonia hospi-
al admissions. Because laboratory confirmation of influenza
neumonia was not available for 1–2 months after hospi-
al discharge, prospective data on household expenditures
ssociated with hospitalized influenza pneumonia were not
vailable. Instead, data on household expenditures result-
ng from management of lower respiratory infections in
he 2004 National Health and Welfare Survey were used
o estimate these costs. The Thailand National Health and

elfare surveys are conducted by the National Statistical
ffice (NSO) and focus on illness experience, health care
tilization of Thai households. The National Health and
elfare Survey employ a two-stage sampling design with

able 1
outine service cost and ancillary cost by institution type. Mean and 95% C

Routine service cost
per OPD visit (US$)

Routine
per inpa
(US$)

ealth center 1.41a N/A
istrict hospital 5.31 (4.03–6.56) 28.08 (2
rovincial hospital 9.59 (7.21–11.97) 31.10 (2
ther public hospital 11.67a 37.33a

rivate clinic 1.82a N/A
rivate hospital 9.59 (7.21–11.97)b 31.10 (2
a Data from the International Health and Policy Program, MOPH, Thailan
b Cost was assumed to be equal to that of provincial hospital.
c Cost assumed to be 0.75 that of district and provincial hospital.
d Ancillary cost assumed to be equal at public hospital facilities.
e Ancillary cost assumed to be 1.2 times that of public hospital OPD clini
f Ancillary cost assumed to be 1.5 times that of public hospitals.
All patients who tested positive using the rapid test were
rovided a simple diary to record health care utilization and
ousehold costs associated with the illness. A research nurse
ompleted a structured interview with each influenza posi-
ive patient 3 weeks after enrollment. Participants were asked
bout household expenditures required to manage their ill-
ess including transportation costs to the clinic. To estimate
he number of outpatient visits due to laboratory confirmed
nfluenza in Thailand, we calculated the proportion of all out-
atients in Sa Kaeo province who had laboratory confirmed
nfluenza by either RT-PCR or cell culture. We multiplied this
gure by the number of all outpatient visits in the public and
rivate healthcare sectors estimated from the 2004 National
ealth and Welfare Survey.

cost
y

Ancillary cost for
OPD visit due to
influenza (US$)

Ancillary cost per
pneumonia inpatient
day (US$)

2.31c N/A
4.97) 3.10 (7.21–9.08) 94.62 (0–308.41)
7.51) 3.10 (7.21–9.08) 94.62 (0–308.41)

3.10 (7.21–9.08)d 94.62 (0–308.41)d

4.64e N/A
7.51)b 4.64f 141.92f

onfidence intervals calculated [66].
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Fig. 2. Components and data sources for estimating influenza disease burden and cost.

We estimated the routine service costs per outpatient visit
by type of facility (i.e. health center, district, provincial, and
university hospitals) using the annual report of the national
health care system costs and services delivered (input-output
database) provided by the Thailand MOPH. Ancillary med-
ical costs were obtained by a medical records review of a
random sample of 50 influenza positive outpatients (Table 1).
The routine service cost and mean ancillary cost per visit were
summed and this figure was multiplied by the estimated num-
ber of influenza visits by facility type to calculate a total cost
to the healthcare system for influenza managed in the outpa-
tient setting in Thailand (Fig. 2, Table 2).

We estimated lost productivity due to influenza among
outpatients by first calculating the proportion of influenza
infections that occurred in the 0–14, 15–59 and ≥60 age
groups in Sa Kaeo. For patients age ≥15 years, we multi-
plied the mean days of lost work due to influenza reported
by Sa Kaeo outpatients by the estimated number of outpa-
tient department visits due to influenza in Thailand in this
age group. For the 0–14 age group, we multiplied the mean
days of lost work reported by caregivers of influenza positive
children by the number of OPD visits due to influenza infec-
tion in this age group. We assumed that elderly persons with
influenza infection also required care and applied the same
figure in this group. We used an average of 23.6 work days per
month to account for a 6-day work week and Thai national
h
f
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w

the average per capita daily income of US$ 6.15 derived from
the National Health and Welfare Survey to generate a range
[37]. We estimated lost productivity due to influenza pneu-
monia by first calculating the proportion of infections that
occurred in each age group and applying these proportions
to the range of estimated influenza pneumonia admissions
nationwide. Because some patients return to work after hospi-
tal discharge sooner than others and data on post-pneumonia
recuperation periods were not available, we developed a range
that included the conservative assumption that all patients
returned to work the day after hospital discharge or returned
to work after a time period equivalent to half the mean hos-
pital length of stay. We multiplied these two estimates of lost
days of work by the average per capita daily income and the
median national average minimum daily wage and adjusted
for 2004 employment rates to estimate the total cost of lost
wages due to influenza pneumonia. We assumed that children
less than 15 years were not employed and days of lost school
were calculated for this group. Currency conversions were
calculated using the 2004 rate of 39 Thai baht to US$ 1.

3. Results

3.1. Influenza pneumonia costs

a
p
i

olidays and adjusted for employment rates by age group
rom the National Health and Welfare Survey. We then mul-
iplied lost work days by the median national minimum daily
age of US$ 3.38 obtained from the Ministry of Labor and by
We enrolled 761 hospital inpatients with pneumonia from
ll hospitals of Sa Kaeo province and 80 (11%) were influenza
ositive by tissue cell culture, RT-PCR, or ≥4-fold rises
n HI antibodies between acute and convalescent serum
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Table 2
Definition and data source of key study variables

Variable Definition Rationale Source

Influenza-associated pneumonia Pneumonia requiring
hospitalization with laboratory
evidence of influenza virus
infection

Study case definition. Cell culture,
RT-PCR, serology positive for
influenza

Population-based pneumonia
surveillance in all hospitals in one
province

Influenza-like illness Acute fever >38 C with either
cough or sore throat in the absence
of another diagnosis

WHO Case definition http://www.who.int/emc-
documents/surveillance/
whocdscsrisr992c.html

Hospital length of stay 24 h periods from admission until
discharge

Population-based pneumonia
surveillance

Ancillary medical costs All pharmacy, laboratory,
therapeutics services

Component of total cost Medical records review of patients
with influenza infection and Thailand
MOPH

Routine service or “hotel” costs Physical plant, staff and utilities by
facility type

Component of total cost Estimated by International Health
Policy Program, using Thailand
MOPH Healthcare Input Output
Database

Daily wages (1) Median national daily minimum
wage

Monetary value of a work day is
difficult to define

(1) Thai Ministry of Labor

(2) Average daily income from
2004 survey

(2) 2004 National Health and Welfare
Survey. Weighted average of reported
income in 15–59 and >60 age groups

Lost work days Work days missed due to influenza
infection using 23.6 work days per
month

Accounts for Sundays and national
holidays

Cost diary and personal interview

NHWS data indicate that 79% of
Thais between 15–59 and 38% of
persons >60 are employed

Lost school days School days not attended due to
influenza infection

70% of children <15 are enrolled in
school

Personal interview with parents of
children with influenza infection

Transportation costs Return costs to medical facility for
patient, family

Public and private transport systems Personal interview for outpatients

National Health and Welfare Survey
for inpatients

Recuperation period after influenza
pneumonia

(1) Return to work day after
hospital discharge

True values unknown Conservative assumption

(2) Equal to 0.5 × length of
hospitals stay

samples (Table 3). The measured minimum annual inci-
dence of influenza pneumonia requiring hospitalization was
18/100,000 population. After adjusting for incomplete enroll-
ment and the proportion of patients who seek hospital outside
the province, the upper limit was 111/100,000 population.
Children under 5 and adults over 60 experienced the greatest
burden of disease (Fig. 3). Two of 80 (2.5%) patients with
laboratory confirmed influenza pneumonia died while in the
hospital.

Based on the estimated incidence of between 18 and 111
per 100,000 population, we estimated that between 12,575
and 75,801 hospital admissions for laboratory confirmed
influenza pneumonia occurred nationwide between Septem-
ber 2003 and August 2004. The mean length of stay for
influenza pneumonia in Sa Kaeo was 4 days for children
less than 15 years of age, 7.2 days for those over 60 years of
age, and 6.6 days (range, 1–26 days) across all age groups.
Direct medical costs for treatment of influenza pneumonia in
Thailand were projected to be US$ 3.8 million using baseline

measurements and US$ 20.7 million when adjusted for under
enrollment and health-seeking behavior. Transportation costs
for families of patients hospitalized for influenza pneumonia
averaged US$ 9.32 per admission and were estimated to be
between US$ 0.1 and US$ 0.7 million nationwide. Influenza
pneumonia estimated hospitalizations resulted in a projected
118,335–941,567 days of lost work and representing between
US$ 0.5 and US$ 8.7 million in lost productivity.

3.2. Outpatient costs

We enrolled 1092 outpatients of all ages with influenza like
illness between September 2003 and August 2004 (Table 4).
Of these, 192 (18%) were influenza positive using the rapid
test while 205 (19%) were positive by cell culture and 252
(23%) were influenza positive by RT-PCR (Table 4). Four
hundred and nineteen patients (38%) and 988 (90%) of spec-
imens were collected within 2 and 4 days of the onset of

http://www.who.int/emc-documents/surveillance/whocdscsrisr992c.html
http://www.who.int/emc-documents/surveillance/whocdscsrisr992c.html
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Table 3
Characteristics of enrolled patients

Variable Pneumonia
(number, %)

Outpatient ILI
(number, %)

Enrolled 761 1092
Male 46 (58) 136 (52)
Influenza positive, any test 80 (11) 263 (24)
Rapid influenza test positive N/A 192 (18)
Influenza positive, cell culture 16 (2.1) 205 (19)
Influenza positive, RT-PCR 56 (7.0) 252 (23)
Influenza positive, serology 38 (5.0)a N/A

Age distribution of influenza cases
<14 years 21 (26) 210 (80)
15–59 years 29 (36) 45 (17)
60+ years 30 (38) 8 (3)

Age range 0–88 0–73
Mean length of hospital stay (days) 6.6 N/A
Mean lost work days per episode N/A 4.5

a Paired sera was collected from 578 of 761 (76%) of subjects. All pairs
were assayed.

Fig. 3. Measured, age-specific incidence of influenza pneumonia (n = 80).

symptoms, respectively. Influenza activity peaked during the
months of June–October (Fig. 4). We completed cost-of-
illness interviews 3 weeks after presentation on 171 of 192
(89%) of outpatients who tested influenza positive using the
rapid test. Twenty-one patients were not able to be located.
Adults with influenza reported missing an average of 4.5
days of work (range, 0–10) during their illness. Parents
of children with influenza reported missing an average of
3.3 days of work (range, 0–10) while caring for their ill
child. We estimate that laboratory confirmed influenza infec-
tion resulted in 924,478 outpatient visits nationwide for an
incidence of 1420/100,000 population. Outpatient influenza
infection resulted in an estimated 3,121,562 days of lost work
representing between US$ 11.1 and US$ 24.9 million dol-

Table 4
Outpatient enrollment

Outpatient visits Number (%)

Total observed visits (all causes) 68671
Acute visits (new illness, infection, injury) 32076(47)
Influenza-like illness (% of all visits) 1243 (1.8)
Influenza-like illness (% of acute visits) 1243 (3.9)
ILI patients enrolled in study (% of ILI enrolled) 1092 (87)

Fig. 4. Seasonal distribution of PCR positive influenza in outpatients with
ILI (n = 1092).

lars in lost productivity. Transportation to receive outpatient
medical care cost Thai families an average of US$ 1.59 per
visit and US$ 1.5 million per year nationally. Children with
influenza virus infection cared for in the outpatient setting
missed 1,701,450 days of school. Influenza infection man-
aged in the outpatient department cost the Thai healthcare
system US$ 6.4 million in direct medical costs.

Primary influenza pneumonia hospital admissions and
outpatient influenza infections resulted between US$ 23.4
and US$ 62.9 million in total losses to Thailand during
September 2003 and August 2004. Considering the lower
and upper boundaries of the cost estimates, lost productivity
and transportation represented between 50–53% and 3–7%
of total costs, respectively. Direct medical costs accounted
for 43% of all costs (Table 5).

4. Discussion

Influenza has not been generally recognized as an impor-
tant cause of illness in Thailand. In contrast, our findings
during 2003–2004 indicate that influenza virus was a lead-
ing cause of pneumonia severe enough to require hospital
admission and an important cause of febrile illness leading
to outpatient clinic visits. Between 1993 and 2003, the Thai-
land MOPH passive surveillance system reported between
2
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9,918 and 55,559 cases of clinically diagnosed influenza
inpatient and outpatient) annually for an incidence of 48–93
ases per 100,000. In 2004, the passive system reported
1,351 influenza cases, a rate of 33 per 100,000 [38]. Using
n active, population-based surveillance system and compre-
ensive laboratory testing we estimate that 1420 per 100,000
nfluenza cases occurred among outpatients during 2004,
eflecting a burden 43 times greater than recorded by the
assive surveillance system. Further, our study indicated that
1% of 761 pneumonia inpatients had laboratory evidence of
nfluenza virus infection. While there are no published studies
hat address influenza pneumonia in Thai adults, we found
he proportion of influenza pneumonia in Thai children <5
ears to be greater than that described in two earlier reports
39,40]. In both outpatient and inpatient settings, influenza is
ore frequently clinically diagnosed in Thai adults with the

ighest reported incidence in the 35–44 year old age group
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Table 5
Costs of primary influenza pneumonia and outpatient influenza in Thailand, 2003–2004

Parameter Value (range) Percentage

Influenza-associated pneumonia hospitalizations (cases) 12575–75801
Outpatient influenza infection (visits) 924478

Absenteeism (days)
Lost school due to influenza (outpatient and inpatient) 1709207–1822335
Lost work due to outpatient influenza 3121562
Lost work due to influenza pneumonia 118335–941567

Range
Low High

Cost of influenza (US$, millions)
Medical cost of inpatient influenza pneumonia 3.8–20.7
Medical cost of outpatient influenza 6.4
1. Total direct medical cost 10.2–27.1 43 43

Value of lost work due to outpatient influenza 11.1–24.9
Value of lost work due to influenza pneumonia 0.5–8.7
Transportation costs to families 1.6–2.2
2. Total indirect cost 13.2–35.8 56 57

Total economic cost 23.4–62.9

[38]. In contrast, in our study the incidence of laboratory
confirmed influenza was greatest in children <15 years and
in the elderly, a finding that is consistent with what has been
reported in other countries.

Influenza disease burden varies from year to year as new
antigenic variants emerge that may cause more frequent or
more severe disease than the preceding year [41]. Scientists at
the Thailand NIH report that A/Fujian/411/2002 (H3N2) and
A/New Caledonia/20/99(H1N1) were the most commonly
isolated strains during 2004 and that influenza activity was
neither remarkably higher nor lower than the preceding 2
years [42]. In northern temperate climates, influenza also has
a distinct seasonality with the majority of cases occurring
between October and March [43]. While the seasonality of
influenza in Thailand is not as well described, available evi-
dence suggests that influenza peaks between June and August
[26] and our findings confirm this seasonal pattern. How-
ever, to accurately characterize the seasonality of influenza
in Thailand, complete data from several consecutive years of
surveillance are needed.

Lost productivity due to illness accounted for the majority
of costs due to influenza in Thailand, a finding that is con-
sistent with studies in other countries [13,44,45]. While we
captured the primary direct and indirect costs of influenza,
our estimates are conservative for several reasons. Poten-
tially important costs that were not included in our esti-
m
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attended illness. Many influenza infections do not result in
a visit to a medical provider but patients may still incur out
of pocket costs such as self-prescribed drugs, and experience
lost work or school days that our study was not designed
to estimate. Complex social, cultural and economic factors
influence health-seeking behavior [52]. Studies in Vietnam
report that only 38–40% of patients with acute respiratory
infection seek medical care while the majority preferred
self-treatment [53,54]. In the past, Thai citizens with milder
illness and those from poorer households also preferred self-
treatment [55]. More recently however, utilization of outpa-
tient medical clinics has increased as economic growth and
health care reforms have made affordable care more acces-
sible to a greater proportion of the population. Data from
the 2004 National Health and Welfare Survey indicate that
71% of all Thais with acute upper respiratory illness seek care
from a physician in either public or private clinics. Consistent
with the national survey, a 2003 household survey exam-
ining health-seeking behavior in Sa Kaeo province found
that 69% of ILI patients sought care from an institutional
source [56].

We estimated influenza disease burden through intensive
population-based surveillance and comprehensive laboratory
testing, an approach that is too costly to be feasible in most
other settings. In the United States for example, influenza
burden estimates are developed using hospital discharge data,
v
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ates include the cost of lost productivity due to influenza-
ssociated mortality, the value of lost leisure time and missed
chool days [46,47], and costs for employers who must train
ew workers to perform tasks in the absence or death of their
mployees [48,49]. Persons with an influenza virus infec-
ion may return to work before achieving full recovery and
xperience decreased productivity during recuperation in the
orkplace. This study was not designed to estimate these

osts [50,51]. Finally, our study examined only medically
ital statistics registries, and sentinel clinic sites. While our
ethods are different, we believe the approach is robust and

ur results are consistent with other studies that have reported
disproportionate impact of influenza upon very young chil-
ren and the elderly [10]. Our study has limitations that may
nfluence the precision of our estimates. In this analysis we
sed data from a single season and a single Thai province.
nfluenza activity is likely to vary from year to year and
nfluenza incidence may be different in the far northern or
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southern latitudes, or in densely populated cities. Data from
consecutive years and different geographic regions will help
to more completely describe the seasonality and burden of
disease.

Accurate identification of influenza is subject to factors
such as the type and quality of the specimen, time from
day of illness to when specimen collection occurs, and the
performance of sophisticated laboratory tests. For these rea-
sons, morbidity due to influenza is often attributed to a sec-
ondary bacterial infection while the primary viral infection
goes unrecognized [57,58]. Despite rigorous quality controls,
these factors may have contributed to incomplete ascertain-
ment of influenza in our study. In addition, influenza is asso-
ciated with other complications including febrile seizures,
otitis media, encephalitis, myocarditis, myositis, and sec-
ondary bacterial pneumonia that this study did not examine
[58–63].

This study demonstrates that the disease and cost burden
of influenza in Thailand is significantly greater than previ-
ously appreciated. Young children and the elderly were the
most heavily affected age groups. Recent studies from Thai-
land have concluded that influenza virus is an important cause
of acute exacerbations of chronic obstructive pulmonary dis-
ease and that influenza vaccine is protective in these patients
[64,65], but further investigation of other risk factors for
severe complications from influenza infection in Thailand
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Human subjects: This research was carried out with
approval from and in compliance with the standards of the
ethical review committees of the United States Centers for
Disease Control and Prevention, the Thailand Ministry of
Public Health, and the Tulane University School of Public
Health.
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bstract

Risk factor information for severe complications of interpandemic influenza is needed to inform vaccine policy in Thailand. We identified
atients with lab-confirmed influenza who were hospitalized with pneumonia during September 2003 to August 2004. Among the 80 case-
atients identified through a population-based pneumonia surveillance system in eastern Thailand, cases were 6.2 and 11.1 times more likely

o be among persons <1 year old and >75 years old, respectively, compared with the overall population. Cases were also 7.6 times more
ikely to have chronic respiratory disease. In Thailand, the young, elderly, and those with chronic disease were at high risk for hospitalized
neumonia from influenza.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

Influenza is a vaccine-preventable disease responsible for
xtensive morbidity and mortality every year throughout the
orld. Large-scale influenza surveillance and immunization

ave mostly occurred in wealthy countries in temperate cli-
ates [1]. In 2002, the World Health Organization (WHO)
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dopted a global agenda on influenza surveillance and control
hat encouraged a number of national and international mea-
ures to reduce morbidity and mortality from annual influenza
pidemics and to prepare for a potential pandemic [2].

In Southeast Asia, interest in influenza vaccination has
ncreased in the last few years, partly due to outbreaks of
vian influenza among humans and the threat of an influenza
andemic [3,4]. However, many Southeast Asian countries
ave limited economic resources, and the high cost of
nfluenza vaccine relative to other vaccines and the need for

nnual administration continue to be an obstacle to vaccine
se [4]. In Thailand in recent years, influenza vaccine has
een administered to less than 1% of the population annually,
ostly to people who can afford to pay for it through private
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ealth-care providers [1]. However, the Thailand Ministry of
ublic Health has expressed increased interest in adopting
ational guidelines for influenza vaccination. One approach
o reduce the burden of severe disease associated with
nfluenza is to target vaccination at groups at highest risk for
evere complications from influenza virus infection [4–6].

In the United States, high-risk groups for influenza-related
ospitalizations include people ≥65 years old, children less
han 5 years of age, with higher risks among children <1 year
ld, and individuals with certain chronic diseases [7–10]. In
study of children in Hong Kong, which has a subtropical

limate, children 5 years of age and younger were found to
e at significantly higher risk for influenza-related hospital-
zations compared with older children [11]. A recent study
n tropical Singapore showed that rates of influenza-related

ortality in that country were similar to those in Hong Kong
nd the U.S. [12]. However, to date, no study has evaluated
isk factors for severe influenza morbidity in countries with
ropical climates.

Pneumonia is one of the most common serious compli-
ations of influenza [13,14]. In this study, we describe risk
actors for influenza pneumonia requiring hospitalization in
hailand, a tropical country in Southeast Asia, by exam-

ning hospitalized cases of laboratory-confirmed influenza
neumonia within a population-based surveillance system in
astern Thailand.

. Methods

.1. Ascertainment of influenza pneumonia cases and
dentification of risk factors

Since September 2001, active population-based surveil-
ance for radiographically confirmed pneumonia has been
onducted in Sa Kaeo, a rural province in eastern Thailand,
hrough a collaboration between the Thailand Ministry of
ublic Health and the U.S. Centers for Disease Control and
revention (CDC) [15]. In August 2002, a study to iden-

ify the viral causes of pneumonia among patients identified
hrough surveillance was initiated. Eligible participants were
esidents of Sa Kaeo Province of any age who presented to
ny of the province’s eight hospitals between 1 September
003 and 31 August 2004 with evidence of acute infection
reported fever or documented temperature >38.2 ◦C within
4 h of admission; reported chills or documented tempera-
ure of <35.5 ◦C within 24 h of admission; or abnormally
ow or high white blood cell count or abnormal differen-
ial); signs (abnormal breath sounds on chest auscultation
r tachnypnea) or symptoms (cough, sputum production,
emoptysis, chest pain or dyspnea) of respiratory tract dis-
ase; had a chest radiograph. Patients who were not residents

f Sa Kaeo Province were excluded from the study. Basic
emographic data were collected for all eligible participants.

Informed consent was obtained for the collection of speci-
ens to test for evidence of influenza infection. We collected

T
p
t
u

(2007) 3827–3833

asopharyngeal (NP) swab specimens within 48 h of admis-
ion, an acute serum sample on admission, and a convalescent
erum specimen two to three weeks later, from all enrolled
ubjects. NP swab specimens were put into viral transport
edia, split into aliquots and stored at −70 ◦F until tested

y viral culture at the Thai National Institute of Health
aboratory. Tissue cell culture was performed according to
stablished methods [17]. Another NP aliquot was sent to
DC in Atlanta, Georgia, USA, for testing of influenza virus
y multiplex reverse transcriptase polymerase chain reaction
RT-PCR). Paired sera were tested at CDC by hemaggluti-
ation inhibition (HI) testing [18,19]. Either a four-fold or
reater rise in HI titers, a positive RT-PCR result or a positive
ulture was considered evidence of influenza virus infection.

We reviewed inpatient medical records, including routine
uestionnaires that were administered for all hospital admis-
ions, to assess whether subjects with evidence of influenza
neumonia had cardiovascular disease, pulmonary disease,
ndocrinopathy, hemoglobinopathy, renal disease, immuno-
uppressive disease, pregnancy, malignancy, neuromuscular
isease, dementia, and/or gastrointestinal disease. Data were
ecorded using a standard abstraction form. Computerized
npatient and outpatient records were reviewed to determine
he number of times each case-patient had been hospital-
zed during the year prior to the current hospitalization for
nfluenza pneumonia.

.2. Comparison with general population

For our comparison group we used data for the overall
hai population obtained from the 2004 Health and Welfare
urvey, an annual nationwide survey conducted by the Thai
ational Statistical Office under the Ministry of Information

nd Communicational Technology [20]. The survey assesses
any issues related to health care access and utilization, and

esults are presented by age and region. It employs a two-stage
ampling design. Thailand’s 75 provinces and the Bangkok
etropolitan area serve as the primary strata. Household

locks and villages are the secondary sampling units for
unicipal and rural areas, respectively. For the 2004 survey,

rom 109,966 enumeration blocks and villages nationwide,
932 were randomly selected for systematic sampling of
ouseholds. More than 67,000 members from 26,520 house-
olds were interviewed by National Statistical Office staff.
he results, extrapolated to the entire 2004 Thai population
f 65,112,652, have been published [20].

The survey included two questions regarding chronic dis-
ases. Survey respondents were first asked if they had a
hronic disease; if they answered affirmatively, they were
sked to list up to two specific diseases. Data entry coders
hen selected one of 17 disease categories that corresponded

ost closely with the specific diseases listed by respondents.

hese 17 categories included (the English translation was
rovided by the survey authors): “diseases of the respira-
ory system”; “diseases of the digestive system”; “diseases of
rinary system”; “cardiovascular diseases”; “infectious dis-
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ases”; “diseases of the skin”; “allergic condition”; “diseases
f oral cavity, ear, throat, nose, eye”; “diseases of female
enital organ”; “condition related to delivery”; “diseases of
ndocrine system”; “metabolic diseases and nutritional sta-
us”; “diseases of the musculoskeletal system and connective
issue”; “diseases of the nervous system and mental disor-
er”; “ill-defined conditions”; “other”; “unknown”. Survey
espondents were also asked about the number of times they
ere hospitalized in the previous year. The survey catego-

ized age as follows: <1 year; 1–4 years; 5-year age groups
rom 5 to 59; ≥60 years.

A comparison of Sa Kaeo data to national figures suggests
hat use of this national survey data was a valid comparison.
irst, survey results from the central provinces, where Sa
aeo is included, were nearly identical to national patterns,

pecifically for underlying diseases [20]. Second, census fig-
res from Sa Kaeo compared to the nation suggest a similar
ge and sex profile [20]. Finally, HIV prevalence rates in
ntenatal women in Sa Kaeo mirror those in the country as a
hole [21].

.3. Statistical analysis

The age distribution of influenza pneumonia cases was
ompared to that of the general population in Sa Kaeo using
001 census data from the Sa Kaeo Provincial Health Office
ensus. We divided age by 5-year intervals except for infants
1 year old, children 1–4 years old, and persons ≥75 years
ld, who were considered as separate age groups. In our age
omparison we calculated relative risks and 95% confidence
ntervals (CI) using EpiInfo 6 [28].
The frequencies of underlying diseases and prior hospital-
zation in influenza cases were compared to those reported in
he 2004 Thai Health and Welfare Survey (described above).
or this comparison we calculated Mantel–Haentzel risk

p
r

p

able 1
ge-specific breakdown of eligible and enrolled patients in Sa Kaeo, Thailand

ge group Total cases with
clinical pneumonia

1 354
–4 907
–9 257
0–14 114
5–19 70
0–24 84
5–29 109
0–34 107
5–39 132
0–44 103
5–49 171
0–54 100
5–59 135
0–64 142
5–69 201
0–74 180
75 300

otal 3466
(2007) 3827–3833 3829

atios (RR) and 99% confidence intervals [29]. Because orig-
nal survey information was unavailable for the population
urvey and, thus, could not be incorporated in the statistical
omparisons between the two groups, we used a more con-
ervative 99% CI instead of the usual 95% CI. Because of the
mall number of cases with chronic disease and prior hospi-
alizations, we defined three age groups for this analysis: ≤4,
–59 and ≥60 years.

This study was approved by the Institutional Review
oard of the Centers for Disease Control and Prevention

CDC) and the Ethical Review Committee at the Thailand
inistry of Public Health.

. Results

Between 1 September 2003, and 31 August 2004, 3466
ersons in Sa Kaeo province were hospitalized with a diag-
osis of pneumonia. Of these, 2012 (58%) had a chest
adiograph, of whom 762 (38% of 2012) consented to enroll
n the study. Enrollment was lower in the younger age groups
see Table 1). Clinical follow-up of all eligible patients
evealed that 39% of enrolled patients had severe outcomes
death, intubation, hypoxia, thoracentesis, pneumonectomy,
r other surgical procedures or complications) compared with
4% of non-enrolled eligible patients.

Of the 762 consented participants, 80 (10%) tested posi-
ive for influenza (22 by culture, 56 by RT-PCR, and 38 by
erology; 26 patients tested positive for influenza by more
han one test). Of the 80 influenza pneumonia patients, 46
58%) were men, compared with 62% of all study partici-

ants. One inpatient hospital chart could not be obtained for
eview, so that 79 subjects were available for analyses.

When compared to the age distribution of Sa Kaeo, the pro-
ortion of hospitalized influenza pneumonia cases <1 year

Patients with chest
radiographs ordered (N, %)

Patients enrolled
(N, %)

195 (55%) 63 (32%)
442 (49%) 90 (20%)

99 (39%) 26 (26%)
43 (38%) 16 (37%)
36 (51%) 15 (42%)
44 (52%) 19 (43%)
63 (58%) 24 (38%)
63 (59%) 28 (44%)
86 (65%) 42 (49%)
70 (68%) 44 (63%)

113 (66%) 42 (37%)
70 (70%) 39 (56%)
86 (64%) 32 (37%)
88 (62%) 44 (50%)

155 (77%) 76 (49%)
124 (69%) 59 (48%)
235 (78%) 103 (44%)

2012 (58%) 762 (38%)
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Fig. 1. Relative risk of hospitalized influenza pneumonia cases

ld or ≥65 years was significantly higher than expected.
he proportion of influenza pneumonia patients ≤1 year old
as 6.2 times higher than expected, while the proportion of

nfluenza pneumonia patients ≥75 years old was 11.1 higher
han expected (Fig. 1). Both differences were statistically
ignificant. Thirty-eight percent of all hospitalized influenza
neumonia cases occurred in people over 60.

Underlying cardiopulmonary disease was associated with
n increased risk for influenza pneumonia (Table 2). Under-
ying respiratory disease was a statistically significant risk
actor among influenza pneumonia patients aged 5–59 years
RR 16.5) and those ≥60 years old (RR 8.1). A higher per-
entage of influenza pneumonia patients aged 5–59 years
ad underlying cardiovascular disease (RR 4.0) compared to
he general Thai population, a difference which approached
tatistical significance. There were no influenza pneumonia
atients <5 years old who had respiratory disease or car-
iovascular disease; as a result relative risks for this age
roup could not be calculated. Among influenza pneumo-
ia patients, 26.4% of 5–59 year olds and 29.0% of people

0 and older had underlying respiratory disease. Addition-
lly, influenza pneumonia patients were more likely to have
ndocrine disease, although the difference was not statisti-
ally significant (7.6% versus 2.8%, RR 1.4, 99% CI 0.5–3.7).

o
h
8
(

able 2
ge-adjusted prevalence of chronic diseases among influenza pneumonia cases com

GE Influenza pneumonia cases, N (%) Population with ca

ardiovascular disease
0–4 0/14 (0) 18,617/5,111,697 (
5–59 5/34 (14.7) 1,420,611/53,599,5
>60 9/31 (29.0) 1,387,158/6,401,40

otal 14/79 (17.7) 2,826,387/65,112,6

espiratory disease
0–4 0/14 (0) 162,651/5,111,697
5–59 9/34 (26.5) 777,469/53,599,55
>60 9/31 (29.0) 308,850/6,401,404

otal 18/79 (22.7) 1,248,969/65,112,6

ge group 0–4, 5–59 and total are adjusted for age; reported odds ratio is Mantel–H
roup compared to the general population of Sa Kaeo Province.

Influenza pneumonia patients were more likely to have
ny underlying chronic disease (33.0% versus 16.6%, RR 1.6,
9% CI 1.2–2.1) compared with the general population. The
isk among influenza pneumonia patients with underlying
hronic disease was especially pronounced among 5–59 year
lds (50.0% versus 13.3%, RR 3.2, 99% CI 2.1–4.7).

Two of the 79 influenza pneumonia patients had a
istory of gastrointestinal disease, two had a history of
enal disease, two had a history of anemia and two were
nfected with human immunodeficiency virus. None of
he influenza pneumonia cases had any history of cancer,
euromuscular disease or dementia. There was no informa-
ion regarding influenza vaccination status for any of the
atients.

Influenza pneumonia cases were significantly more likely
o have been hospitalized in the preceding year compared
ith the general Thai population. Thirty-four percent of

ases had been hospitalized in the previous year compared
ith 6.9% of the national population (RR 3.7) (Table 3).
his difference was further magnified in children <5 years

ld; 57.1% of influenza pneumonia patients <5 years old
ad been hospitalized in the previous year compared with
.0% of children of the same age in the national population
RR 8.3).

pared with the general population of Thailand

rdiovascular disease, N (%) Risk ratio (99% confidence Interval)

0.4) Undefined
51 (2.7) 4.0 (1.6–10.1)
4 (21.7) 1.3 (0.7–2.8)

52 (4.3) 1.7 (1.0–3.1)

(3.2) Undefined
1 (1.4) 16.5 (7.9–34.2)
(4.8) 6.0 (2.9–12.4)

52 (2.2) 7.6 (4.5–12.9)

ansel.
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Table 3
Number and proportion of pneumonia influenza cases that were hospitalized within the previous year compared to the general population

Age Influenza pneumonia cases that were
hospitalized in the previous year, N (%)

Total population that was hospitalized
in the previous year, N (%)

Risk ratio (99%
confidence intervals)

0–4 8/14 (57.1) 410,544/5,111,697 (8.0) 8.3 (4.5–15.6)
5–59 8/34 (23.5) 3,230,374/53,599,551 (6.0) 3.8 (1.7–8.5)
>60 11/31 (35.5) 859,263/6,401,404 (13.4) 2.6 (1.4–4.9)

T 4,50
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otal 27/79 (34.1)

ge group 0–4, 5–59 and total are adjusted for age; reported odds ratio is M

. Discussion

Although previous studies have identified risk factors for
evere influenza in developed countries in temperate and sub-
ropical climates, to our knowledge this is the first study
hat has identified risk factors for hospitalized influenza
neumonia in a country with a tropical climate. Studies
rom the United States have demonstrated an increased risk
f influenza-related hospitalizations among young children
9,10], and among people of all ages with high-risk conditions
uch as respiratory and cardiac disease [9,10,22,23]. A recent
tudy in Hong Kong identified disproportionately high rates
f influenza-associated hospitalizations among children <2
ears old [11]. A study from Holland and a study from Canada
howed previous hospitalization to be an independent prog-
ostic factor for influenza-associated hospitalization [24,25].
ike these studies, we found that in Thailand, the elderly,
oung children and people with chronic cardiac and respira-
ory disease were more likely to be hospitalized for influenza
neumonia. We also found that people who had been hospital-
zed in the previous year were more likely to be hospitalized
ith influenza pneumonia.
In our study, the high percentage (23.8%) of our patients

ith hospitalized influenza pneumonia who had underly-
ng respiratory disease is consistent with previous studies
n Thailand that described a high incidence of influenza in
nvaccinated patients with chronic obstructive pulmonary
isease [5,26].

The findings presented here document groups at increased
isk for severe disease associated with influenza infection
n Thailand. Based on data from studies that were con-
ucted predominantly in the United States, the U.S. Advisory
ommittee on Immunization Practices (ACIP) has recom-
ended influenza vaccine for persons aged ≥50 years, adults

nd children who have chronic disorders of the pulmonary
nd cardiovascular systems, adults and children who have
equired regular medical follow-up or hospitalization during
he preceding year because of chronic disease, and children
ged 6–59 months [27]. Our findings suggest that vaccina-
ion policies in Thailand targeting some of the same high-risk
roups – young children, the elderly, and individuals with

hronic disease – may be an effective strategy to reduce
nfluenza-related hospitalizations.

Since patients in our study who had been hospitalized
uring the previous year were at increased risk for devel-

h
m
s
o

0,181/65,112,652 (6.9) 3.7 (2.5–5.6)

ansel.

ping influenza pneumonia, vaccinating inpatients against
nfluenza before discharge from the hospital should also
e considered. In the United States, the ACIP recommends
nfluenza vaccination for persons of all ages with high-risk
onditions and persons aged ≥50 years who are hospitalized
uring September–March [27]. In Thailand, seasonal differ-
nces in influenza would necessitate a May through October
accination strategy [6].

Our study has a number of limitations that may have
ffected the estimated differences between the influenza
neumonia cases and the general population. First, overall
nrollment was 38% and only 32% in infants. We do not know
ow the enrollment rates may have biased our results. How-
ver, the high-risk groups we found in our study are consistent
ith those identified in other countries. Low enrollment in the
ounger age groups however, limited our analyses. In addi-
ion, because our study included only 79 patients, our ability
o do subgroup analysis was limited. For example, although
lder patients with cardiovascular disease have been shown
o be at especially high-risk for influenza [22] and were at
n elevated risk in our study, we did not identify a statisti-
ally significant increase in influenza-associated pneumonia
mong case-patients >60 years old with underlying cardio-
ascular disease compared to the Thai population.

Second, information for hospitalized influenza pneumonia
ases and survey participants was obtained in different ways.

hile survey respondents were administered questionnaires,
e obtained information about cases from hospital charts

nd computerized records. While in many cases the infor-
ation from hospital charts was taken from questionnaires

he admitted patients had filled out, we also looked at doc-
ors’ notes. This thorough review of medical records may
ave been more likely to identify underlying medical prob-
ems in the influenza cases and thus overestimated differences
etween the two groups.

In addition, definitions of chronic diseases varied between
he influenza cases and the survey population. The survey
sed a broad interpretation of chronic disease compared to the
tricter definition of chronic disease we used for our influenza
ases. For example, respondents who listed “cough,” “sore
hroat” or “tonsillitis” as chronic diseases were coded as

aving “diseases of the respiratory system.” This potential
isclassification of acute diseases as chronic diseases in the

urvey population may have resulted in an underestimation
f the true differences between underlying disease profiles
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n severe influenza cases compared with the general popula-
ion. However, our results are consistent with other analyses
f risk factors except where power was limited. Additionally,
ecause we did not have access to individual survey data, we
ere not able to perform multivariate analysis to evaluate the
otential confounding effect of different chronic diseases.

Finally, we conducted our study in a rural province in
astern Thailand during one calendar year. We compared the
ge distribution of the case-patients to the age distribution in
a Kaeo according to the latest census figures, but we com-
ared chronic disease profiles and hospitalization rates of
ase-patients with national survey data. National survey data
as broken down by region but not by province. Although

urvey data showed that the chronic disease profile and the
ospitalization rates in the central region, where Sa Kaeo is
ocated, mirrored national patterns, we do not have these data
or Sa Kaeo province itself. If Sa Kaeo province varies sub-
tantially from the central region and the nation as a whole,
ur results would be less generalizable. While the age dis-
ribution, ethnic makeup and chronic disease profile of the
rovincial population parallel those of the nation as a whole,
t is possible the behavior of influenza may differ in other
arts of the country.

The impact of influenza varies annually [8,11,12]. Thus,
valuation of surveillance data from other provinces and addi-
ional years is ongoing and should help attain a more complete
icture of risk factors for hospitalized influenza pneumonia
n Thailand.

Despite these limitations, our findings are consistent with
xisting medical literature, mostly from developed coun-
ries in temperate climates, that has identified young and
dvanced age, and underlying chronic disease, especially car-
iopulmonary disease, and previous hospitalization within
he last year as risk factors for severe complications from
nfluenza infection. Prospective studies looking at risk factors
or influenza morbidity and mortality in tropical countries
ould be conducted to further characterize high-risk groups.
n the meantime, the risk factors for influenza pneumonia
n Sa Kaeo, Thailand identified in this study provide an ini-
ial foundation for the development of national guidelines for
nfluenza vaccination in Thailand and perhaps other countries
n Southeast Asia.
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Recent studies in Hong Kong and Singapore suggest that the annual impact of influenza in these wealthy tropical cities may be
ut little is known about the burden in middle-income tropical countries. We reviewed the status of influenza surveillance, va
esearch, and policy in Thailand as of January 2004. From 1993 to 2002, 64–91 cases of clinically diagnosed influenza were r
00,000 persons per year. Influenza viruses were isolated in 34% of 4305 specimens submitted to the national influenza laborat
istribution figures suggest that less than 1% of the population is immunized against influenza each year. In January 2004, Thaila

ts first documented outbreak of influenza A H5N1 infection in poultry and the country’s first human cases of avian influenza. T
rowing economy, well-developed public health infrastructure, and effective national immunization program could enable the coun
ore active steps towards influenza control.
ublished by Elsevier Ltd.

eywords: Influenza; Influenza surveillance; Thailand

. Introduction

Worldwide, annual outbreaks of influenza result in
idespread illness, causing deaths in the elderly and young,
ocial disruption, and a substantial economic burden to so-
iety and the individual[1,2]. Large-scale influenza surveil-

ance and vaccination has been mostly limited to wealthy
ountries in temperate climates. In contrast, in the world’s
oorest nations influenza surveillance and control may be
nrealistic given the acute shortage of human and financial
esources and competing health problems. However, there are
n increasing number of middle-income countries in tropical

∗ Corresponding author. Tel.: +66 2 591 1294; fax: +66 2 580 0911.
E-mail addresses:msimmerman@cdc.gov (J.M. Simmerman),

dowell@cdc.gov (S.F. Dowell).

climates that may be in a position to better define the
den of disease and take more active steps towards infl
control.

Although effective vaccines have been available for m
years, influenza vaccination coverage has often been s
timal even in high-income countries in North America a
Europe[3,4]. The requirements for annual vaccination
the high cost of the influenza vaccine when compared to
vaccines recommended by WHO are likely to be signifi
obstacles to vaccine introduction in less wealthy count
In the United States, vaccination with inactivated influe
vaccines has been shown to be cost-effective in elderly
sons and in working adults in higher-income countries w
influenza-related costs from lost productivity and health
utilization are high[5–9]. Comparatively little is known abo
the burden of influenza in most middle-income countries
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few studies have attempted to assess the cost-effectiveness
of the vaccine in these countries[10]. However, the available
data suggest that influenza may represent a significant burden
of disease in Southeast Asia.

2. Thailand as a middle-income country

Thailand is located in tropical Southeast Asia between
6 and 22◦ North latitude. The population in 2000 was
62,350,000. The overall life expectancy is 68 years and in-
fant mortality is 29.5 per 1000 live births[11]. Thailand’s
US$ 2160 per capita GNP in 1998 places the country in
the middle-income category. It is considerably wealthier than
neighboring Southeast Asian countries where data are avail-
able such as Laos, Cambodia, and Vietnam whose per capita
GNP in 1998 was US$ 320, 260, and 350, respectively[12].
The Thai economy is making a strong recovery from its 1997
economic crisis, which may allow the country more oppor-
tunities to implement additional preventive health measures
such as influenza vaccine.

Thailand has a well-developed public health infrastruc-
ture and is undergoing a health care reform program that em-
phasizes preventive care delivered locally[13]. Thailand’s
national immunization program has a record of success in
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Influenza-like illness was found to occur throughout the year
and accounted for 15% of all outpatient doctor visits over a
2-year period. The annual incidence of ILI was 117 per 1000
patients and was highest among children 1–4 years of age
[17]. A second Hong Kong study determined that influenza
resulted in 7055 excess hospital bed-days annually in a pop-
ulation of 6.9 million persons, amounting to US$ 3.6 million
in hospital costs alone[18]. In 2002 Chiu and colleagues pub-
lished a retrospective study analyzing more than 90% of all
hospital admissions in Hong Kong combined with virologic
data from a sentinel hospital over a 3-year period. Influenza
was found to be an important cause of hospitalization among
children less than 15 years of age with rates exceeding those
reported in temperate climates[19]. While these data suggest
that influenza may be an important disease in certain large
cities in tropical Southeast Asia, there is little information
on the burden of influenza in rural areas and in less wealthy
countries of the region.

4. Human influenza surveillance in Thailand

Virological surveillance is conducted at the Thailand Na-
tional Institute of Health (NIH). The NIH participates in
the WHO influenza laboratory network as a national in-
fl sub-
t con-
t sub-
m two
h par-
t am.
A alth
C n. In
2 cul-
t a
c een-
i ec-
i irus
a sults
s (H1),
A en-
t ro-
p une
a

cts
p Thai-
l nely
a n the
l for
p ested
t lied
[ rre-
p ority
o tory
c nza
i

aintaining immunization programs and implementing
accines. In 2002 Thailand was recognized in a joint Un
ations and World Health Organization (WHO) report
aintaining one of the highest performing routine imm
ization programs in Southeast Asia[14]. Thailand was als
mong the first countries in the region to introduce uni
al Hepatitis B vaccination, and reported a 96% covera
998[15].

. Influenza in Southeast Asia

Published data on influenza in much of Southeast
re limited, especially when compared to recognized tro
iseases such as malaria or dengue. In the 10 years since
Pubmed search using the terms “Thailand” and “influe

ound nine papers on influenza in Thailand compared to
n dengue, and 419 on malaria. This is despite the fac
alaria in Thailand is now only endemic in certain bor

egions.
Recent papers from Singapore and Hong Kong pro

dditional insight on influenza in the region. In Singap
he burden of influenza-like illness (ILI) and influenza
ection in adults were estimated from routine official a
ublished sources, community sample surveys, nation
ological surveillance, hospitalization and mortality data
population of 3 million people, 630,000 cases of influe

irus infection, resulting in 520,000 sick visits and 315,
ost days of work were estimated to occur each year[16].

Influenza-like illness surveillance in Hong Kong h
een conducted by means of a sentinel physician prog
,

uenza center by conducting laboratory surveillance,
yping viruses responsible for disease outbreaks, and
ributing strain surveillance data. Clinical samples are
itted by four provincial government hospitals and from
ospitals and Public Health Center #17 in Bangkok that

icipate in its Emerging Infectious Disease (EID) progr
pproximately 70–80% of samples come from Public He
enter #17 and 60% of these samples are from childre
001, the Thai NIH tested oropharyngeal specimens by

ure in Madin Darby Canine Kidney (MDCK) cells and
ommercially available indirect fluorescent antibody scr
ng kit (Chemicon International Inc., USA). Of the 711 sp
mens tested, 338 (48%) were positive for influenza v
nd all but 11 viruses were typed and subtyped. The re
howed that 155, 70, and 102 influenza isolates were A
(H3N2), and B viruses, respectively. Influenza virus is id

ified throughout the year in Thailand with a peak in the p
ortion of positive isolates typically occurring between J
nd October[20] (Fig. 1).

The Bureau of Epidemiology at the Thai MOPH condu
assive surveillance on reported cases of influenza in

and. Because testing for influenza infection is not routi
vailable, very few reported cases are ever confirmed i

aboratory. A recent review of the passive reporting system
neumonia in SaKaeo province in eastern Thailand sugg

hat surveillance case definitions are not uniformly app
21]. As with many passive surveillance systems, unde
orting is also a concern. Alternatively, because the maj
f ILI cases are not caused by influenza, the lack of labora
onfirmation could also result in over-estimates of influe
nfections.
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Fig. 1. Proportion of specimens positive for influenza virus by month in Thailand: January 2001–September 2003. Source: Thailand National Instituteof Health.
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Fig. 2. Seasonal distribution of reported influenza 1988–2002. Source: Bureau of Epidemiology, Thailand Ministry of Public Health.
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Fig. 3. Age Distribution of reported influenza in Thailand 1999–2002. Source: Bureau of Epidemiology, Thailand Ministry of Public Health.
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Thailand reported between 64 and 91 cases of influenza
per 100,000 persons per year across all age groups during
the years 1993–2002[22,23]. Sharp peaks in reported in-
fluenza cases are observed during the months of June through
September with smaller increases in reported cases some-
times being seen in January and February (Fig. 2). In 1999,
11,869 hospitalizations due to influenza were reported in
Thailand, a rate of 21 per 100,000 population per year[23].
These data imply that there are three to four ((21/64)–(21/91))
community influenza cases per influenza-associated hospital-
ization. This high ratio in Thailand could be the result of an
increased likelihood of reporting more severe, hospitalized
cases or a lower threshold for hospital admission, or per-
haps most likely, the result of underreporting of milder cases
in the community. The age distribution of reported cases of
influenza infection in Thailand during 1999–2002 indicates
that influenza may be more likely to be diagnosed in older
age groups (Fig. 3).

5. Avian H5N1 influenza in Thailand

The Thailand Department of Livestock Development
(DLD) conducts passive and active surveillance for influenza
virus in birds and swine. According to the Thai Broiler Pro-
c llion
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safeguarding the health of livestock, this type of surveillance
is important because avian and swine influenza viruses may
be precursors to human pandemic influenza viruses[28–30].

6. Status of influenza vaccination in Thailand

Influenza vaccine is not widely used in Thailand and is
mostly limited to persons who can afford to pay private health
care providers for the immunization[31]. Three companies
currently distribute inactivated influenza vaccine in Thailand
at an average retail cost of approximately 300 Thai baht (US$
7) per dose. According to vaccine company representatives,
the majority of influenza vaccine distributed in recent years
has gone to the public sector, mainly to university hospi-
tals and to the Thai MOPH. In the private sector, influenza
vaccines were sold mainly to hotels and airline companies
interested in protecting their employees from exposure to
influenza during travel or contact with tourists (Table 1).
Since 2000, Thailand has provided influenza vaccine with-
out charge for approximately 30,000 Thai Muslims each year
who travel to Mecca for the Hajj[32].

Thailand’s immunization program has proven to be highly
effective in delivering Expanded Program of Immunization
(EPI) vaccines to the country’s 7.2 million children less than 5
y ions
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essing Exporters Association, approximately 800 mi
hickens are produced every year in Thailand with more
00,000 people employed in this industry[24]. Recent stud

es suggest an increased risk for avian influenza infe
rom occupational exposure to poultry[25,26]. Moreover
iven the size of the poultry industry, the identification
ighly pathogenic avian influenza (HPAI) might have sig

cant health and economic implications. Highly pathog
vian influenza had not been reported in Thailand prio
anuary 2004[27].

By early January 2004, farms in southern, central
orthern Thailand provinces were experiencing large-s
oultry deaths. At the same time, Vietnam reported its
uman deaths caused by avian H5N1 infection as we
idespread, large-scale poultry infections. In response
hailand DLD strengthened active surveillance in all ki
f poultry. On 23 January 2004, the Ministry of Agricultu
nnounced that H5N1 influenza had been identified a
ause of poultry die-offs in Thailand and reported the

ation of HPAI to the International Organization for Anim
ealth (OIE). Efforts to cull poultry from affected provinc
egan. By 6 February, the DLD had identified H5N1 infec

n 156 specimens collected from across Thailand in se
ird species including chickens, ducks, geese, peacock
striches. Thailand has no AIV vaccination policy at pres

t is thought that migratory waterfowl and perhaps passe
pecies may act as an asymptomatic reservoir for a wide
f avian influenza subtypes and strains, including H5N1[28].
o better describe the role of waterfowl and other wild b

n influenza ecology in Thailand, surveillance for AIV
ection in wild birds was initiated in 2004. In addition
ears of age. Most Thai children receive their immunizat
hrough community health centers and hospital immuniza
linics. Introducing inactivated influenza vaccine to high-
hildren per WHO recommendations would represent a
ial challenge to the national immunization program g
he need to provide two immunizations to children who h
ever received the influenza vaccine and to annually rev
ate[33]. Recent vaccine distribution data indicate that fe

han 80,000 doses of influenza vaccine have been adm
ered annually in Thailand in recent years (Table 1). When
his figure is applied to Thailand’s population of 62,350,
ersons, this suggests that less than 1% of the general p

ion may be currently vaccinated for influenza. Vaccine c
rage may be higher among subgroups such as Thai Mu
ealthcare workers, or those with high-risk conditions suc
bstructive pulmonary disease. However, no systemat
essment of influenza vaccine coverage has been cond
n Thailand.

. Influenza research in Thailand

Published influenza literature from Thailand is limited
uggests that influenza may be more important than
only appreciated. Since 1990 several papers have bee

ished describing antigenic typing of influenza viruses
ated in Thailand[34–36]. Other published papers discus
n influenza outbreak in a mountain village[37], influenza in

ection in nursing assistants[38], and an outbreak of fever
nknown origin (FUO) that was attributed to a mix of den
nd influenza infection[39]. In a study of 117 patients wi
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Table 1
Number of influenza vaccine doses sold in Thailand by year and sector

Company 2000 2001 2002 2003
Public Private Public Private Public Private Public Private

A 60, 240 11, 862 46,760 4,189 31,632 8,368 15,557 38,632
B 0 0 0 2,676 0 2,165 0 7,507
C Not available Not available 5,915 2,535 2,790 3,410 16,557 4,090

Annual total 72, 102 62, 075 48, 365 82, 343

fever at community hospitals in northeastern Thailand during
May–November 2000, 14 (12%) were positive for influenza
by hemagglutination inhibition testing[40]. Finally, Wong-
surakiat and colleagues conducted a placebo-controlled,
double-blinded efficacy and cost-effectiveness study of in-
fluenza vaccine in 125 chronic obstructive pulmonary dis-
ease patients. The vaccine was found to have reduced acute
respiratory infection caused by influenza virus by 76% when
compared to placebo. The vaccine was determined to be cost-
effective, primarily by reducing the frequency of hospital ad-
mission and the need for mechanical ventilation[41].

In August 2003, the Thai MOPH and the US Centers for
Disease Control and Prevention’s International Emerging In-
fections Program (IEIP) began a 2-year study to determine
the incidence of influenza in hospitalized patients with radio-
graphic confirmation of pneumonia and in outpatients with
influenza-like illness in SaKaeo province in eastern Thailand.
Nasopharyngeal (NP) specimens from enrolled patients are
tested for influenza and other respiratory viruses and cost of
illness data are collected from patients who test positive for
influenza.

8. Thai MOPH influenza policy
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vaccines. Although more study is needed, the available liter-
ature suggests that influenza may be a surprisingly important
cause of illness in Southeast Asia. Influenza surveillance in
Thailand needs improvement, but the available data suggest a
disease burden that is greater than generally appreciated. In-
fluenza vaccines are available in Thailand but uptake is very
low. Importantly, the Thai MOPH is open to policy changes
with regard to influenza surveillance and control, suggesting
that the findings of influenza research in Thailand could in-
fluence influenza control policy in the near term. The scale of
the 2004 regional outbreak of influenza A H5N1 infection in
poultry combined with the first report of human H5N1 deaths
in Thailand may influence the debate on the importance of
influenza surveillance and control.

Future research should include further examination of the
seasonality and health and economic burden of influenza in
Thailand and other respiratory infections such as respiratory
syncytial virus. Studies on the ecology of avian influenza in
Thailand may help predict the emergence of avian influenza
viruses with the potential to cause the next influenza pan-
demic[42,43]. Data on the epidemiology and economic im-
pact of influenza infection and the cost-effectiveness of the
influenza vaccination are also needed to guide possible de-
cisions about vaccine usage. For example, studies in healthy
working adults, the elderly and other high-risk groups demon-
s s ad-
v uenza
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Recent interest by the WHO in establishing the bur
f influenza in less-developed, tropical countries and
HO’s recommendation that national health authorities

elop pandemic preparedness plans has led to increased
st in influenza among Thai public health decision-mak
lthough available in the private market, influenza vac
ptake in the general population has been poor due to
wareness and the relatively high cost of the vaccine. I
ition to providing influenza vaccine to Thai pilgrims w
ttend the Hajj, the Thai MOPH is considering providing
uenza vaccines to institutionalized elderly persons. A
ebruary 2004, no formal action had been taken on this
osal. Neither the Thai MOPH nor the Thai Medical As
iation has published guidelines for influenza vaccine u
hailand.

. Summary

Thailand is a middle-income country with a capable pu
ealth system that has maintained high coverage rates fo
-

trating the usefulness of the vaccine in reducing seriou
erse health outcomes and economic losses due to infl
ould be valuable. Further strengthening of influenza sur

ance in Thailand, perhaps involving rapid antigen testing
xpanding virological surveillance would greatly facilit
fforts to estimate the burden of disease.

Middle-income countries such as South Africa, South
ea, Brazil, and others may be in a similar position as T
and. Coordinated research efforts using standardized
efinitions and laboratory methods could result in impor
dvances for influenza control in these countries. Suc
ndeavor will require the collaboration of diverse part

ncluding ministries of public health, the WHO, and the v
ine and biologics industry.
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