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Abstract

The cost of influenza in less wealthy tropical countries is needed to inform national vaccine policy decisions. Between September 2003 and
August 2004, we prospectively identified hospitalized pneumonia cases and outpatients with laboratory confirmed influenza in a Thai province.
Disease incidence, patient interviews, medical record reviews, and data from a national health survey were used to calculate direct and indirect
costs which were extrapolated to the Thai population. Influenza was identified in 80 (11%) of 761 hospitalized pneumonia inpatients with
projected annual incidence of 18-111/100,000 population. Influenza was confirmed in 23% of 1092 outpatients with an estimated annual
incidence of 1420/100,000 population. Influenza was estimated to cause between US$ 23.4 and US$ 62.9 million in economic losses with
lost productivity accounting for 56% of all costs. The burden of influenza in Thailand is greater than previously appreciated, particularly in
young children and the elderly. The impact and cost-effectiveness of influenza vaccination for high-risk groups merits further investigation.

Published by Elsevier Ltd.

Keywords: Influenza; Cost of illness; Thailand

1. Introduction

Influenza is a vaccine preventable infectious disease that
causes morbidity in all age groups and appreciable mortal-
ity, especially in the elderly, young children, and those with
underlying 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,
if the disease burden and economic cost of influenza are
found to be substantial, Thailand’s growing economy may
allow the country to consider targeted influenza vaccina-
tion to reduce the incidence of severe complications from
influenza and the associated costs. In addition to improving
health status and possibly reducing costs, the introduction
of influenza vaccine should improve Thailand’s prepared-
ness for a possible influenza pandemic [27]. Therefore, the
objectives of this study were to estimate the incidence and
the direct and indirect cost of influenza-associated hospital-
ized pneumonia and outpatient febrile respiratory illness in
Thailand.

2. Methods

We prospectively identified all hospitalized pneumonia
patients using an active, population-based surveillance sys-
tem carried out through collaboration between the Thailand
Ministry of Public Health (MOPH) and the US Centers for
Disease Control and Prevention (CDC) in Sa Kaeo province
in eastern Thailand [28] (Fig. 1). Sa Kaeo is a rural province
located about 200 km east of Bangkok with a population of
438,557 and an age distribution that is the same as the national
population [25]. Sa Kaeo has a population density of 75 per-
sons per km? compared to 110 per km? for all of Thailand
outside of Bangkok [25]. The per capita annual GDP of Sa
Kaeo province is US$ 914. During 2004 the mean daily tem-
perature in Sa Kaeo province was 27.52 °C with 1211 mm of
total rainfall while the mean daily temperature across all of

| Longtuda 97d 18m Latitude 20d 26m

' Longilude 105d 28m Laliude 5d 32m |

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 48h 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
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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-
ization. This figure was multiplied by the lower and upper
limits of the estimated number of influenza pneumonia hospi-
tal admissions. Because laboratory confirmation of influenza
pneumonia was not available for 1-2 months after hospi-
tal discharge, prospective data on household expenditures
associated with hospitalized influenza pneumonia were not
available. Instead, data on household expenditures result-
ing from management of lower respiratory infections in
the 2004 National Health and Welfare Survey were used
to estimate these costs. The Thailand National Health and
Welfare surveys are conducted by the National Statistical
Office (NSO) and focus on illness experience, health care
utilization of Thai households. The National Health and
Welfare Survey employ a two-stage sampling design with

Table 1
Routine service cost and ancillary cost by institution type. Mean and 95% Cl

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 (IL1) 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.

All patients who tested positive using the rapid test were
provided a simple diary to record health care utilization and
household costs associated with the illness. A research nurse
completed a structured interview with each influenza posi-
tive patient 3 weeks after enrollment. Participants were asked
about household expenditures required to manage their ill-
ness including transportation costs to the clinic. To estimate
the number of outpatient visits due to laboratory confirmed
influenza in Thailand, we calculated the proportion of all out-
patients in Sa Kaeo province who had laboratory confirmed
influenza by either RT-PCR or cell culture. We multiplied this
figure by the number of all outpatient visits in the public and
private healthcare sectors estimated from the 2004 National
Health and Welfare Survey.

Routine service cost

Routine service cost

Ancillary cost for Ancillary cost per

per OPD visit (US$) per inpatient day OPD visit due to pneumonia inpatient
(US$) influenza (US$) day (US$)
Health center 1.418 N/A 2.31° N/A

District hospital 5.31 (4.03-6.56)
Provincial hospital 9.59 (7.21-11.97)
Other public hospital 11.672 37.332
Private clinic 1.822 N/A

Private hospital 9.59 (7.21-11.97)°

28.08 (21.21-34.97)
31.10 (24.72-37.51)

31.10 (24.72-37.51)° 4.64

3.10 (7.21-9.08) 94.62 (0-308.41)
3.10 (7.21-9.08) 94.62 (0-308.41)
3.10 (7.21-9.08)¢ 94.62 (0-308.41)4
4.64¢ N/A

141.92f

@ Data from the International Health and Policy Program, MOPH, Thailand. No confidence intervals calculated [66].

b Cost was assumed to be equal to that of provincial hospital.
¢ Cost assumed to be 0.75 that of district and provincial hospital.
4" Ancillary cost assumed to be equal at public hospital facilities.

€ Ancillary cost assumed to be 1.2 times that of public hospital OPD clinics.

f Ancillary cost assumed to be 1.5 times that of public hospitals.
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Disease Burden Direct Costs

September 2003- August 2004

Institutional
Care Source

Routine Service and Ancillary

Indirect Costs

Total

Absenteeism s Transportation —_—

Cost per Hospital
Day by Facility

Incidence of
Influenza Pneumonia’

Hospital
Inpatient

Type2 34

Lost Work Days',
Per Capita Income,

Transportation
Costs "*

Median National
Minimum Wage **

- - Cost per Outpatient
Ambulatory Incidence of Outpatient Visit by Facility
Clinic Visits due to Influenza' Type2 4

Lost Work Days',
Per Capita Income,
Median National
Minimum Wage**

Transportation
Costs '

Thailand National Health and Welfare Survey, 2004
Thailand Ministry of Labor, 2004

a9 (B et

Population based prospective study of influenza pneumonia and outpatient influenza burden
Medical records review of influenza pneumonia patients and outpatients with influenza
Thailand MOPH 2003 Hospital Input/ Output database on routine service costs adjusted to the 2004 medical consumer price index

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
holidays and adjusted for employment rates by age group
from the National Health and Welfare Survey. We then mul-
tiplied lost work days by the median national minimum daily
wage of US$ 3.38 obtained from the Ministry of Labor and by

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 arange
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

We enrolled 761 hospital inpatients with pneumonia from
all hospitals of Sa Kaeo province and 80 (11%) were influenza

positive by tissue cell culture, RT-PCR, or =4-fold rises
in 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

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

24 h periods from admission until
discharge

All pharmacy, laboratory,
therapeutics services

Influenza-like illness

Hospital length of stay

Ancillary medical costs

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

facility type

Daily wages (1) Median national daily minimum
wage
(2) Average daily income from

2004 survey

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

month

Lost school days School days not attended due to
influenza infection
Return costs to medical facility for

patient, family

Transportation costs

Recuperation period after influenza
pneumonia

(1) Return to work day after
hospital discharge

(2) Equal to 0.5 = length of
hospitals stay

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

WHO Case definition

Component of total cost

Component of total cost

Monetary value of a work day is
difficult to define

Accounts for Sundays and national
holidays

70% of children <15 are enrolled in
school
Public and private transport systems

True values unknown

Population-based pneumonia
surveillance in all hospitals in one
province

http://www.who.int/emc-
documents/surveillance/
whocdscsrisr992c.html
Population-based pneumonia
surveillance

Medical records review of patients
with influenza infection and Thailand
MOPH

Estimated by International Health
Policy Program, using Thailand
MOPH Healthcare Input Output
Database

(1) Thai Ministry of Labor

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

Cost diary and personal interview

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

Personal interview with parents of
children with influenza infection
Personal interview for outpatients

National Health and Welfare Survey
for inpatients

Conservative assumption

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
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Table 3
Characteristics of enrolled patients

Variable Pneumonia Outpatient ILI
(number, %) (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)2 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 45

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

50% ~
45% 4
40% 4
35%+
30%+
25% 4
20% 4
15%+
10%4

5%

0%

Proportion Influenza
Positive

Month and Year

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
29,918 and 55,559 cases of clinically diagnosed influenza
(inpatient and outpatient) annually for an incidence of 48-93
cases per 100,000. In 2004, the passive system reported
21,351 influenza cases, a rate of 33 per 100,000 [38]. Using
an active, population-based surveillance system and compre-
hensive laboratory testing we estimate that 1420 per 100,000
influenza cases occurred among outpatients during 2004,
reflecting a burden 43 times greater than recorded by the
passive surveillance system. Further, our study indicated that
11% of 761 pneumonia inpatients had laboratory evidence of
influenza virus infection. While there are no published studies
that address influenza pneumonia in Thai adults, we found
the proportion of influenza pneumonia in Thai children <5
years to be greater than that described in two earlier reports
[39,40]. In both outpatient and inpatient settings, influenza is
more frequently clinically diagnosed in Thai adults with the
highest 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-
mates include the cost of lost productivity due to influenza-
associated mortality, the value of lost leisure time and missed
school days [46,47], and costs for employers who must train
new workers to perform tasks in the absence or death of their
employees [48,49]. Persons with an influenza virus infec-
tion may return to work before achieving full recovery and
experience decreased productivity during recuperation in the
workplace. This study was not designed to estimate these
costs [50,51]. Finally, our study examined only medically

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
iliness 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,
vital statistics registries, and sentinel clinic sites. While our
methods are different, we believe the approach is robust and
our results are consistent with other studies that have reported
a disproportionate impact of influenza upon very young chil-
dren and the elderly [10]. Our study has limitations that may
influence the precision of our estimates. In this analysis we
used data from a single season and a single Thai province.
Influenza activity is likely to vary from year to year and
influenza 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
is needed. In addition, an improved understanding of the pro-
portion of non-medically attended influenza infection could
provide valuable insight into the full impact of influenza
infection on lost productivity and household spending in
Thailand. Influenza vaccination is the primary public health
tool to reduce the incidence of influenza infection and the
likelihood of severe complications. A cost-benefit study of
the potential impact of influenza vaccine under different tar-
get group and vaccine efficacy scenarios and consideration of
the budget implications of new vaccine introduction is war-
ranted as Thailand considers development of a national policy
on influenza control.
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