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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 perkm? 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

z Sra Kaeo Province

> 102d 56m Latitude 13d 11m

) o o scviee e
— =

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% CI

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.

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 1.412 N/A 2.31¢ N/A
District hospital 5.31 (4.03-6.56) 28.08 (21.21-34.97) 3.10(7.21-9.08) 94.62 (0-308.41)
Provincial hospital 9.59 (7.21-11.97) 31.10 (24.72-37.51) 3.10 (7.21-9.08) 94.62 (0-308.41)

Other public hospital 11.67% 37.33% 3.10 (7.21-9.08)4 94.62 (0-308.41)4
Private clinic 1.822 N/A 4.64° N/A
Private hospital 9.59 (7.21-11.97)° 31.10 (24.72-37.51)° 464 141.92f

2 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
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Transportation
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Thailand National Health and Welfare Survey, 2004
Thailand Ministry of Labor, 2004
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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 x 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 USS$ 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
USS$ 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)* 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

2 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
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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) 1257575801
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(HIN1) 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
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,
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



4424 JM. Simmerman et al. / Vaccine 24 (2006) 44174426

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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Abstract

Risk factor information for severe complications of interpandemic influenza is needed to inform vaccine policy in Thailand. We identified
patients with lab-confirmed influenza who were hospitalized with pneumonia during September 2003 to August 2004. Among the 80 case-
patients identified through a population-based pneumonia surveillance system in eastern Thailand, cases were 6.2 and 11.1 times more likely
to be among persons <1 year old and >75 years old, respectively, compared with the overall population. Cases were also 7.6 times more
likely to have chronic respiratory disease. In Thailand, the young, elderly, and those with chronic disease were at high risk for hospitalized

pneumonia from influenza.
© 2007 Elsevier Ltd. All rights reserved.

Keywords: Influenza; Pneumonia; Vaccination; Thailand; Risk factors

1. Introduction

Influenza is a vaccine-preventable disease responsible for
extensive morbidity and mortality every year throughout the
world. Large-scale influenza surveillance and immunization
have mostly occurred in wealthy countries in temperate cli-
mates [1]. In 2002, the World Health Organization (WHO)
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adopted a global agenda on influenza surveillance and control
that encouraged a number of national and international mea-
sures to reduce morbidity and mortality from annual influenza
epidemics and to prepare for a potential pandemic [2].

In Southeast Asia, interest in influenza vaccination has
increased in the last few years, partly due to outbreaks of
avian influenza among humans and the threat of an influenza
pandemic [3,4]. However, many Southeast Asian countries
have limited economic resources, and the high cost of
influenza vaccine relative to other vaccines and the need for
annual administration continue to be an obstacle to vaccine
use [4]. In Thailand in recent years, influenza vaccine has
been administered to less than 1% of the population annually,
mostly to people who can afford to pay for it through private
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health-care providers [1]. However, the Thailand Ministry of
Public Health has expressed increased interest in adopting
national guidelines for influenza vaccination. One approach
to reduce the burden of severe disease associated with
influenza is to target vaccination at groups at highest risk for
severe complications from influenza virus infection [4-6].

In the United States, high-risk groups for influenza-related
hospitalizations include people >65 years old, children less
than 5 years of age, with higher risks among children <1 year
old, and individuals with certain chronic diseases [7—10]. In
a study of children in Hong Kong, which has a subtropical
climate, children 5 years of age and younger were found to
be at significantly higher risk for influenza-related hospital-
izations compared with older children [11]. A recent study
in tropical Singapore showed that rates of influenza-related
mortality in that country were similar to those in Hong Kong
and the U.S. [12]. However, to date, no study has evaluated
risk factors for severe influenza morbidity in countries with
tropical climates.

Pneumonia is one of the most common serious compli-
cations of influenza [13,14]. In this study, we describe risk
factors for influenza pneumonia requiring hospitalization in
Thailand, a tropical country in Southeast Asia, by exam-
ining hospitalized cases of laboratory-confirmed influenza
pneumonia within a population-based surveillance system in
eastern Thailand.

2. Methods

2.1. Ascertainment of influenza pneumonia cases and
identification of risk factors

Since September 2001, active population-based surveil-
lance for radiographically confirmed pneumonia has been
conducted in Sa Kaeo, a rural province in eastern Thailand,
through a collaboration between the Thailand Ministry of
Public Health and the U.S. Centers for Disease Control and
Prevention (CDC) [15]. In August 2002, a study to iden-
tify the viral causes of pneumonia among patients identified
through surveillance was initiated. Eligible participants were
residents of Sa Kaeo Province of any age who presented to
any of the province’s eight hospitals between 1 September
2003 and 31 August 2004 with evidence of acute infection
(reported fever or documented temperature >38.2 °C within
24 h of admission; reported chills or documented tempera-
ture of <35.5°C within 24 h of admission; or abnormally
low or high white blood cell count or abnormal differen-
tial); signs (abnormal breath sounds on chest auscultation
or tachnypnea) or symptoms (cough, sputum production,
hemoptysis, chest pain or dyspnea) of respiratory tract dis-
ease; had a chest radiograph. Patients who were not residents
of Sa Kaeo Province were excluded from the study. Basic
demographic data were collected for all eligible participants.

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

nasopharyngeal (NP) swab specimens within 48 h of admis-
sion, an acute serum sample on admission, and a convalescent
serum specimen two to three weeks later, from all enrolled
subjects. NP swab specimens were put into viral transport
media, split into aliquots and stored at —70 °F until tested
by viral culture at the Thai National Institute of Health
laboratory. Tissue cell culture was performed according to
established methods [17]. Another NP aliquot was sent to
CDC in Atlanta, Georgia, USA, for testing of influenza virus
by multiplex reverse transcriptase polymerase chain reaction
(RT-PCR). Paired sera were tested at CDC by hemaggluti-
nation inhibition (HI) testing [18,19]. Either a four-fold or
greater rise in HI titers, a positive RT-PCR result or a positive
culture was considered evidence of influenza virus infection.

We reviewed inpatient medical records, including routine
questionnaires that were administered for all hospital admis-
sions, to assess whether subjects with evidence of influenza
pneumonia had cardiovascular disease, pulmonary disease,
endocrinopathy, hemoglobinopathy, renal disease, immuno-
suppressive disease, pregnancy, malignancy, neuromuscular
disease, dementia, and/or gastrointestinal disease. Data were
recorded using a standard abstraction form. Computerized
inpatient and outpatient records were reviewed to determine
the number of times each case-patient had been hospital-
ized during the year prior to the current hospitalization for
influenza pneumonia.

2.2. Comparison with general population

For our comparison group we used data for the overall
Thai population obtained from the 2004 Health and Welfare
Survey, an annual nationwide survey conducted by the Thai
National Statistical Office under the Ministry of Information
and Communicational Technology [20]. The survey assesses
many issues related to health care access and utilization, and
results are presented by age and region. It employs a two-stage
sampling design. Thailand’s 75 provinces and the Bangkok
metropolitan area serve as the primary strata. Household
blocks and villages are the secondary sampling units for
municipal and rural areas, respectively. For the 2004 survey,
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 house-
holds were interviewed by National Statistical Office staff.
The results, extrapolated to the entire 2004 Thai population
of 65,112,652, have been published [20].

The survey included two questions regarding chronic dis-
eases. Survey respondents were first asked if they had a
chronic disease; if they answered affirmatively, they were
asked to list up to two specific diseases. Data entry coders
then selected one of 17 disease categories that corresponded
most closely with the specific diseases listed by respondents.
These 17 categories included (the English translation was
provided by the survey authors): “diseases of the respira-
tory system”; “diseases of the digestive system”; “diseases of
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urinary system”’; “cardiovascular diseases”; “infectious dis-
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eases”’; “diseases of the skin”; “allergic condition”; “diseases
of oral cavity, ear, throat, nose, eye”; “diseases of female
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genital organ”; “condition related to delivery”; “diseases of
endocrine system”; “metabolic diseases and nutritional sta-
tus”; “diseases of the musculoskeletal system and connective
tissue”; “diseases of the nervous system and mental disor-
der”; “ill-defined conditions”; “other”; “unknown”. Survey
respondents were also asked about the number of times they
were hospitalized in the previous year. The survey catego-
rized age as follows: <1 year; 1-4 years; 5-year age groups
from 5 to 59; >60 years.

A comparison of Sa Kaeo data to national figures suggests
that use of this national survey data was a valid comparison.
First, survey results from the central provinces, where Sa
Kaeo is included, were nearly identical to national patterns,
specifically for underlying diseases [20]. Second, census fig-
ures from Sa Kaeo compared to the nation suggest a similar
age and sex profile [20]. Finally, HIV prevalence rates in
antenatal women in Sa Kaeo mirror those in the country as a
whole [21].

2.3. Statistical analysis

The age distribution of influenza pneumonia cases was
compared to that of the general population in Sa Kaeo using
2001 census data from the Sa Kaeo Provincial Health Office
Census. We divided age by 5-year intervals except for infants
<1 year old, children 1-4 years old, and persons >75 years
old, who were considered as separate age groups. In our age
comparison we calculated relative risks and 95% confidence
intervals (CI) using Epilnfo 6 [28].

The frequencies of underlying diseases and prior hospital-
ization in influenza cases were compared to those reported in
the 2004 Thai Health and Welfare Survey (described above).
For this comparison we calculated Mantel-Haentzel risk

Table 1

Age-specific breakdown of eligible and enrolled patients in Sa Kaeo, Thailand

ratios (RR) and 99% confidence intervals [29]. Because orig-
inal survey information was unavailable for the population
survey and, thus, could not be incorporated in the statistical
comparisons between the two groups, we used a more con-
servative 99% Cl instead of the usual 95% CI. Because of the
small number of cases with chronic disease and prior hospi-
talizations, we defined three age groups for this analysis: <4,
5-59 and >60 years.

This study was approved by the Institutional Review
Board of the Centers for Disease Control and Prevention
(CDC) and the Ethical Review Committee at the Thailand
Ministry of Public Health.

3. Results

Between 1 September 2003, and 31 August 2004, 3466
persons in Sa Kaeo province were hospitalized with a diag-
nosis of pneumonia. Of these, 2012 (58%) had a chest
radiograph, of whom 762 (38% of 2012) consented to enroll
in the study. Enrollment was lower in the younger age groups
(see Table 1). Clinical follow-up of all eligible patients
revealed that 39% of enrolled patients had severe outcomes
(death, intubation, hypoxia, thoracentesis, pneumonectomy,
or other surgical procedures or complications) compared with
34% of non-enrolled eligible patients.

Of the 762 consented participants, 80 (10%) tested posi-
tive for influenza (22 by culture, 56 by RT-PCR, and 38 by
serology; 26 patients tested positive for influenza by more
than one test). Of the 80 influenza pneumonia patients, 46
(58%) were men, compared with 62% of all study partici-
pants. One inpatient hospital chart could not be obtained for
review, so that 79 subjects were available for analyses.

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

Age group Total cases with Patients with chest Patients enrolled
clinical pneumonia radiographs ordered (N, %) (N, %)
<1 354 195 (55%) 63(32%)
14 907 442 (49%) 90 (20%)
5-9 257 99 (39%) 26 (26%)
10-14 114 43 (38%) 16 (37%)
15-19 70 36(51%) 15 (42%)
20-24 84 44 (52%) 19 (43%)
25-29 109 63(58%) 24 (38%)
30-34 107 63 (59%) 28 (44%)
35-39 132 86(65%) 42 (49%)
40-44 103 70 (68%) 44 (63%)
45-49 171 113 (66%) 42 (37%)
50-54 100 70(70%) 39(56%)
55-59 135 86(64%) 32(37%)
60-64 142 88 (62%) 44 (50%)
65-69 201 155(77%) 76 (49%)
70-74 180 124 (69%) 59 (48%)
>75 300 235(78%) 103 (44%)
Total 3466 2012 (58%) 762 (38%)
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Fig. 1. Relative risk of hospitalized influenza pneumonia cases by age group compared to the general population of Sa Kaeo Province.

old or >65 years was significantly higher than expected.
The proportion of influenza pneumonia patients <1 year old
was 6.2 times higher than expected, while the proportion of
influenza pneumonia patients >75 years old was 11.1 higher
than expected (Fig. 1). Both differences were statistically
significant. Thirty-eight percent of all hospitalized influenza
pneumonia cases occurred in people over 60.

Underlying cardiopulmonary disease was associated with
an increased risk for influenza pneumonia (Table 2). Under-
lying respiratory disease was a statistically significant risk
factor among influenza pneumonia patients aged 5-59 years
(RR 16.5) and those >60 years old (RR 8.1). A higher per-
centage of influenza pneumonia patients aged 5-59 years
had underlying cardiovascular disease (RR 4.0) compared to
the general Thai population, a difference which approached
statistical significance. There were no influenza pneumonia
patients <5 years old who had respiratory disease or car-
diovascular disease; as a result relative risks for this age
group could not be calculated. Among influenza pneumo-
nia patients, 26.4% of 5-59 year olds and 29.0% of people
60 and older had underlying respiratory disease. Addition-
ally, influenza pneumonia patients were more likely to have
endocrine disease, although the difference was not statisti-
cally significant (7.6% versus 2.8%, RR 1.4,99% CI10.5-3.7).

Table 2

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

Two of the 79 influenza pneumonia patients had a
history of gastrointestinal disease, two had a history of
renal disease, two had a history of anemia and two were
infected with human immunodeficiency virus. None of
the influenza pneumonia cases had any history of cancer,
neuromuscular disease or dementia. There was no informa-
tion regarding influenza vaccination status for any of the
patients.

Influenza pneumonia cases were significantly more likely
to have been hospitalized in the preceding year compared
with the general Thai population. Thirty-four percent of
cases had been hospitalized in the previous year compared
with 6.9% of the national population (RR 3.7) (Table 3).
This difference was further magnified in children <5 years
old; 57.1% of influenza pneumonia patients <5 years old
had been hospitalized in the previous year compared with
8.0% of children of the same age in the national population
(RR 8.3).

Age-adjusted prevalence of chronic diseases among influenza pneumonia cases compared with the general population of Thailand

AGE Influenza pneumonia cases, N (%)

Population with cardiovascular disease, N (%)

Risk ratio (99% confidence Interval)

Cardiovascular disease

04 0/14 (0) 18,617/5,111,697 (0.4) Undefined

5-59 5/34 (14.7) 1,420,611/53,599,551 (2.7) 4.0 (1.6-10.1)

>60 9/31 (29.0) 1,387,158/6,401,404 (21.7) 1.3 (0.7-2.8)
Total 14/79 (17.7) 2,826,387/65,112,652 (4.3) 1.7 (1.0-3.1)
Respiratory disease

04 0/14 (0) 162,651/5,111,697 (3.2) Undefined

5-59 9/34 (26.5) 777,469/53,599,551 (1.4) 16.5(7.9-34.2)

>60 9/31 (29.0) 308,850/6,401,404 (4.8) 6.0 (2.9-12.4)
Total 18/79 (22.7) 1,248,969/65,112,652 (2.2) 7.6 (4.5-12.9)

Age group 0—4, 5-59 and total are adjusted for age; reported odds ratio is Mantel-Hansel.
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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 Total population that was hospitalized Risk ratio (99%
hospitalized in the previous year, N (%) in the previous year, N (%) confidence intervals)

04 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)

Total 27/79 (34.1) 4,500,181/65,112,652 (6.9) 3.7 (2.5-5.6)

Age group 0—4, 5-59 and total are adjusted for age; reported odds ratio is Mantel-Hansel.

4. Discussion

Although previous studies have identified risk factors for
severe influenza in developed countries in temperate and sub-
tropical climates, to our knowledge this is the first study
that has identified risk factors for hospitalized influenza
pneumonia in a country with a tropical climate. Studies
from the United States have demonstrated an increased risk
of influenza-related hospitalizations among young children
[9,10], and among people of all ages with high-risk conditions
such as respiratory and cardiac disease [9,10,22,23]. A recent
study in Hong Kong identified disproportionately high rates
of influenza-associated hospitalizations among children <2
yearsold [11]. A study from Holland and a study from Canada
showed previous hospitalization to be an independent prog-
nostic factor for influenza-associated hospitalization [24,25].
Like these studies, we found that in Thailand, the elderly,
young children and people with chronic cardiac and respira-
tory disease were more likely to be hospitalized for influenza
pneumonia. We also found that people who had been hospital-
ized in the previous year were more likely to be hospitalized
with influenza pneumonia.

In our study, the high percentage (23.8%) of our patients
with hospitalized influenza pneumonia who had underly-
ing respiratory disease is consistent with previous studies
in Thailand that described a high incidence of influenza in
unvaccinated patients with chronic obstructive pulmonary
disease [5,26].

The findings presented here document groups at increased
risk for severe disease associated with influenza infection
in Thailand. Based on data from studies that were con-
ducted predominantly in the United States, the U.S. Advisory
Committee on Immunization Practices (ACIP) has recom-
mended influenza vaccine for persons aged >50 years, adults
and children who have chronic disorders of the pulmonary
and cardiovascular systems, adults and children who have
required regular medical follow-up or hospitalization during
the preceding year because of chronic disease, and children
aged 6-59 months [27]. Our findings suggest that vaccina-
tion policies in Thailand targeting some of the same high-risk
groups — young children, the elderly, and individuals with
chronic disease — may be an effective strategy to reduce
influenza-related hospitalizations.

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

oping influenza pneumonia, vaccinating inpatients against
influenza before discharge from the hospital should also
be considered. In the United States, the ACIP recommends
influenza vaccination for persons of all ages with high-risk
conditions and persons aged >50 years who are hospitalized
during September—March [27]. In Thailand, seasonal differ-
ences in influenza would necessitate a May through October
vaccination strategy [6].

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

Second, information for hospitalized influenza pneumonia
cases and survey participants was obtained in different ways.
While survey respondents were administered questionnaires,
we obtained information about cases from hospital charts
and computerized records. While in many cases the infor-
mation from hospital charts was taken from questionnaires
the admitted patients had filled out, we also looked at doc-
tors” notes. This thorough review of medical records may
have been more likely to identify underlying medical prob-
lems in the influenza cases and thus overestimated differences
between the two groups.

In addition, definitions of chronic diseases varied between
the influenza cases and the survey population. The survey
used a broad interpretation of chronic disease compared to the
stricter definition of chronic disease we used for our influenza
cases. For example, respondents who listed “cough,” “sore
throat” or “tonsillitis” as chronic diseases were coded as
having “diseases of the respiratory system.” This potential
misclassification of acute diseases as chronic diseases in the
survey population may have resulted in an underestimation
of the true differences between underlying disease profiles
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in severe influenza cases compared with the general popula-
tion. However, our results are consistent with other analyses
of risk factors except where power was limited. Additionally,
because we did not have access to individual survey data, we
were not able to perform multivariate analysis to evaluate the
potential confounding effect of different chronic diseases.

Finally, we conducted our study in a rural province in
eastern Thailand during one calendar year. We compared the
age distribution of the case-patients to the age distribution in
Sa Kaeo according to the latest census figures, but we com-
pared chronic disease profiles and hospitalization rates of
case-patients with national survey data. National survey data
was broken down by region but not by province. Although
survey data showed that the chronic disease profile and the
hospitalization rates in the central region, where Sa Kaeo is
located, mirrored national patterns, we do not have these data
for Sa Kaeo province itself. If Sa Kaeo province varies sub-
stantially from the central region and the nation as a whole,
our results would be less generalizable. While the age dis-
tribution, ethnic makeup and chronic disease profile of the
provincial population parallel those of the nation as a whole,
it is possible the behavior of influenza may differ in other
parts of the country.

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

Despite these limitations, our findings are consistent with
existing medical literature, mostly from developed coun-
tries in temperate climates, that has identified young and
advanced age, and underlying chronic disease, especially car-
diopulmonary disease, and previous hospitalization within
the last year as risk factors for severe complications from
influenza infection. Prospective studies looking at risk factors
for influenza morbidity and mortality in tropical countries
could be conducted to further characterize high-risk groups.
In the meantime, the risk factors for influenza pneumonia
in Sa Kaeo, Thailand identified in this study provide an ini-
tial foundation for the development of national guidelines for
influenza vaccination in Thailand and perhaps other countries
in Southeast Asia.
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Abstract. Little is known about the disease burden of influenza in middle-income tropical countries
like Thailand. The recent outbreak of avian influenza (H5N1) and studies on influenza from neighbor-
ing countries highlight the need for data on incidence, access to care, and health care cost. In May/
June 2003, we conducted a province-wide household survey using two-stage cluster sampling to
determine the burden of influenza-like illness in Sa Kaeo Province. We used the total number of
reported influenza that occurred in May 2003 and a prospective study of outpatient influenza in
clinic patients to develop an estimate of the annualized incidence of influenza. Of 718 subjects, 16
(2.2%) suffered an episode of influenza-like iliness in the preceding month; 14 sought care, of whom
7 went to a hospital facility. Fifty percent reported missing on average 3 days of work or school. The
total individual cost per iliness episode was 663 baht (US$15.78). The proportion of outpatients with
influenza-like iliness caused by an influenza virus in May was 16% and the annualized influenza
incidence was estimated to be 5,941/100,000 in Sa Kaeo Province. This survey adds to information
indicating that in rural Thailand, the burden of influenza is substantial and costs associated with an

iliness episode are up to 20% of an average monthly income.

INTRODUCTION

In tropical countries, and Southeast Asia in
particular, influenza has traditionally been viewed
as a mild disease occurring at low levels year
round with one to two seasonal peaks (Fitzner
et al, 1999; Ng et al, 2002; Thawatsupha et al,
2003; Simmerman et al, 2004). However sev-
eral recent studies in Hong Kong and Singapore
have confirmed a substantial disease burden as-
sociated with influenza (Chew et al, 1998; Fitzner
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et al, 1999; Ng et al, 2002). In Thailand, the out-
breaks of highly pathogenic influenza A (H5N1)
virus in poultry and humans have increased
awareness of influenza in general and interest in
better data on the burden from usual influenza
viruses (CDC, 2004).

The Thai Ministry of Public Health conducts
passive surveillance for clinically diagnosed in-
fluenza; laboratory confirmation of these cases
is not available. Between 1997 and 2004, the
average annual reported incidence for influenza
was 66 cases per 100,000 persons (Anonymous,
1997-2001). The Thai National Institute of Health
conducts sentinel site laboratory surveillance for
influenza through its WHO-designated National
Influenza Center (Thawatsupha et al, 2003).
While these data are useful to monitor national
patterns and circulating strains, they are limited
in their ability to accurately estimate burden or
cost of disease. We conducted a household
survey to assess health care seeking behavior
and expenditures for influenza-like iliness in a
rural Thai community and used this information
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n combination with ongoing virological studies
n the province to refine estimates of the inci-
jence of influenza in the community.

MATERIALS AND METHODS

Study population

Sa Kaeo Province, population 438,557, is
ocated approximately 3 hours east of Bangkok
ind borders Cambodia. The average individual
nonthly wage in 2001 was 3,712 baht (US $95)
Alpha Research Co, 2004 #25). Since 2002, Sa
{aeo has been the site of surveillance and re-
search activities by the International Emerging
nfections Program (IEIP), a collaboration be-
ween and the Thai Ministry of Public Health and
he US Centers for Disease Control and Preven-
ion (CDC) (Dowell et al, 2004). In addition to
he pneumonia surveillance which captures se-
'ere, hospitalized chest-radiograph confirmed
yneumonia caused by influenza and other patho-
jens, there is outpatient surveillance for influ-
inza-like illness with systematic laboratory test-
1g and virologic confirmation. To better ascer-
ain access to health care and influenza-like ill-
1ess that may not present to health care, we
s;onducted a household survey in May 2003. This
study was approved by the Institutional Review
3oard of US CDC and the Ethics Committee of
he Thai Ministry of Public Health.

tudy design

We used a two-stage cluster sampling de-
sign that has proved valuable in assessing dis-
1:ase incidence and evaluating utilization of health
services (Henderson and Sundaresan, 1982;
salazka and Stroh, 1986; Turner et al, 1996).
‘rom the complete list of villages in the prov-
nce, forty villages (clusters) were selected us-
ng probabilities proportional to the size of the
illage. Within each village, 5 households were
hen randomly selected from complete lists of
illage households. A trained interviewer from the
yrovince and a village volunteer familiar with the
amilies visited each household. After obtaining
aformed consent of each participant, a ques-
ionnaire was administered in Thai that included
jyuestions on household composition and socio-
sconomic status. Each household member was
1sked, “Have you had new fever with sore throat
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and/or cough during the last four weeks?” (WHO,
1999). If the answer was ‘Yes’, a detailed sec-
ond questionnaire about symptoms, length of
illness, missed work or school days, type of
health care facility visited, reasons for not seek-
ing care, cost of care and means of payment
followed. People were considered members of

" the household if they had slept and eaten in the

house for 26 months during the past 12 months.
For children <15 years old and members of the
household not present, the primary caretaker
was interviewed as a proxy.

Sample size

Published data on the expected rate of in-
fluenza-like illness in Southeast Asia are very lim-
ited. Using data from one Singapore study, we

‘estimated that each Thai might suffer from up to

1 episode of influenza-like iliness per year (Ng
et al, 2002). Since the period covered by the
survey was one month, the expected frequency
of influenza-like illness was up to 8.3% per’
month. We used Epilnfo (Epi Info6; CDC, US,
January 2001) to calculate the sample size for a
simple random sample using either 5.6% or 11%
as the worst acceptable value, the two end
points of our sample confidence interval. At the
95% confidence level the upper sample size es-
timate needed was 401. This sample was fur-
ther inflated by 1.5 to account for the design
effect of case clustering and 1.2 to account for
an estimated 20% non-response (Ng et al, 2002)
yielding a total sample size of 722 persons (190
households). To reach 200 households, we in-
terviewed 5 households in each of the 40 vil-
lages. We estimated that up to 63 people would
report having had an influenza-like illness dur-
ing the preceding month.

Estimating the annual incidence of infiuenza in
Sa Kaeo

To estimate the incidence of influenza in Sa
Kaeo we used 2 different surveillance systems,
the National Passive Surveillance System (Bu-
reau of Epidemiology, Thai Ministry of Public
Health) and an ongoing, prospective study on
the etiology of influenza-like iliness in outpatients.
The ongoing, prospective study on the etiology
of influenza-like illness aims to identify respira-
tory pathogens responsible for influenza-like ill-
ness in patients visiting 5 hospital outpatient
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departments in Sa Kaeo Province. Influenza-like
illness is defined as acute fever >38°C and cough
or sore throat in the absence of other diagnoses
(WHO, 1999). Patients are invited to participate
in the study if they have these symptoms and
documented fever >38°C. Research nurses ad-
minister a brief questionnaire, collect a nasal
swab and immediately test for influenza A and B
using the QuickVue® rapid antigen test kit
(Quidel Co). Swab samples are later tested and
confirmed by viral culture at the Thai National
Institute of Health and by reverse transcriptase
polymerase chain reaction at US CDC. For the
month of May 2004, we expanded enrolliment
to include persons with cough or sore throat and
subjective fever to match the case definition in
the household survey.

To calculate an incidence for influenza, we
used 2003 data from the National Passive Sur-
veillance System to estimate the proportion of
clinically diagnosed influenza that occurs in May.
No influenza cases were reported in Sa Kaeo
Province during the month of May in 2003, there-
fore we used nationwide numbers. The total
number of influenza cases in Thailand reported
in 2003 was 29,918, with 1,840 cases occur-
ring in May (6%). The incidence in the house-
hold survey was divided by this proportion to
calculate an annual incidence and then multi-
plied by the proportion of influenza-like illness
caused by influenza during May as determined
in the prospective outpatient study to estimate
influenza incidence.

Cost calculation

In the survey, questions related to costs
were answered in categories, ranging from 1-
100, 101 to 200, 201-300, 301-500, 501-750,
751-1,000, and 1,001-1,500 to greater than
1,500 baht. For the analysis, we took the mean
value of each category, 50.5 baht, 150.5 baht,
etc. The average number for the May 2003 ex-
change rate was used to convert Thai baht into
US Dollar (42 baht=US$1). The total expendi-
ture per episode of influenza-like illness and in-
fluenza was divided into direct costs, which in-
clude medical and transportation fees, and indi-
rect costs, such as lost wages. Average daily
wages were calculated using the average
monthly individual wage in Sa Kaeo Province in
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2001 (3,712 baht), and dividing it by 23.6, the
number of work days per month (Alpha Research
Co, 2004).

Statistical analyses

Data were analyzed using SPSS 12.0 (SPSS
Inc, Chicago, lllinois) and Epilnfo 6 (CDC, US,
January 2001). We used frequencies for the de-
scriptive statistics and chi-square to compare
proportions. A p-value of <0.05 was considered
significant.

RESULTS

Between May 28 and June 30, 2003, 200
households were visited and 718 people were
interviewed. Sixteen (2%) persons reported an
episode of influenza-like illness during the previ-
ous month. There were no households reporting
more than one case. Thirteen (81%) cases were
female and the mean age was 37 years (range 1
to 79). Two cases were in children below the age
of 5, and 4 cases were in persons over age 50.
Persons were ill for a median of 5 days (range 2-
30) and 8 (50%) cases reported having missed
work or school. All 16 reported having experi-
enced at least 3 symptoms and 13 out of 16 re-
ported experiencing at least 5 symptoms. Clini-
cal signs and symptoms are illustrated in Table 1.

Table 1
Clinical signs and symptoms of 16 persons
with influenza-like illness in the household
survey, May 2003, Sa Kaeo Province,

Thailand.
Sign or symptom N (%)
Fever? 16 (100)
Cough/sore throat? 16 (100)
Headache 14 (88)
Decreased activity 13 (81)
Runny nose 11 (69)
Muscle aches 10 (63)
Chills 7 (44)
Difficult or fast breathing 6 (38)
Nausea or vomiting 6 (38)
Wheezing 3 (19)
> 3 symptoms 16 (100)
> 5 symptoms 13 (81)

aPart of case definition
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Fourteen (88%) persons sought health care.
Of the 2 persons who did not seek care one
stated that the hospital was too far away and
the other preferred self-care. Eleven out of six-
teen people (69%) sought care at a health cen-
ter, private clinic or hospital outpatient depart-
ment. Among places where initial care was
sought, health centers were most commonly vis-
ited (6/14, 43%), followed by hospital outpatient
departments (3/14, 21%) and pharmacies and
drug sellers (people who sell medications in
stores not designated as pharmacies) (3/14,
21%). Health centers are small clinics which are
staffed with a public health trainee or a regis-
tered nurse and are popular for initial check-ups.
One case each reported seeing a private physi-
cian and a traditional healer. Eight cases (50%)
reported seeking health care at more than one
place. Seven (44%) persons sought care at a
hospital facility at some point during their iliness.
One six year old girl was hospitalized. There were
no deaths.

Out of the 16 persons reporting an influ-
enza-like illness, nine (56%) had completed the
survey themselves and seven were completed
by proxy. Fifteen households had a caretaker
whose education was at primary school level or
less. Ten out of 16 case households (63%) re-
ported having a combined household income
less than 5,000 baht ($119) per month and on
average 3 people lived in one household. The
mean cost per doctor’s visit was 147 baht ($3.50)
and 151 baht ($3.60) per traditional healer visit.
Expenses at the pharmacy or drug seller aver-
aged 16 baht ($0.38). Almost half of the affected
households (44%) reported having to get a per-
sonal loan to help pay for their medical expenses,
and costs for only one person were entirely cov-
ered by welfare. For the 16 influenza-like iliness
case households, the total direct cost per iliness
episode was calculated using the average of in-
dividual costs associated with doctor’s visits,
traditional healer’s visits and pharmacy visits
added to the mean transportation cost. Lost in-
come was defined as indirect cost. The total in-
dividual costs per episode of influenza-like ill-
ness are illustrated in Table 2.

The incidence for influenza-like illness for
the month of May 2003 among our household
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Table 2
Average household costs in Thai baht (US
dollars) per episode of influenza-like iliness,
May 2003, Sa Kaeo Province, Thailand.

Type of cost Cost in baht (US $)

Out of pocket

Medical 98 ($2.33)
Transportation 94 ($2.24)
Productivity

Lost income? 4715 ($11.21)

Total 663 ($15.78)

@Calculated using 157 baht (US$3.74) as average
wage per day

bAverage missed days of work/school for 8 out of-16
cases = 3 days 157 baht

survéy population in Sa Kaeo Province was
2,228/100,000 [(16/718) 100,000]. Applying this
rate to the population of Sa Kaeo, we estimate
there were 9,771 influenza-like illness cases in
Sa Kaeo Province during May. The total number
of cases reported by the national passive sur-
veillance system for the month of May in 2003
was 1,840, which accounts for 6% of the an-
nual number of cases. Therefore, the total num-
ber of influenza-like illness cases in Sa Kaeo in
2003 was approximately 162,850. We multiplied
this number by 16, the proportion of influenza-
like illness in outpatients that was actually caused
by influenza viruses in May 2004 to estimate the
number of these cases that were caused by in-
fluenza. The estimated total number of influenza
cases in Sa Kaeo in 2003 was calculated to be
26,056 (6% of the provincial population) yield-
ing an annual incidence of 5,941/100,000.

DISCUSSION

Our small survey adds to other recent in-
fluenza studies and provides an initial estimate
of the burden of influenza in the Thai community
setting (Dowell et al, 2004). Approximately 6%
of the Sa Kaeo population suffered from an in-
fluenza infection in 2003, which caused substan-
tial costs related to health care, transportation
and work absenteeism. The annual incidence of
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influenza in rural Thailand may be 1000-times
greater than reported through the national pas-
sive surveillance system. Individual costs asso-
ciated with an episode of influenza may be less
in Thailand than in other wealthier countries be-
cause health care coverage is more comprehen-
sive in Thailand given the national health care
system which provides coverage for people with-
out private or government insurance. This sys-
tem was implemented in 2001 and requires pa-
tients to pay a fee of 30 baht (US$0.71) for each
health care visit.

Our study suggests that even in a rural prov-
ince, accessibility to healthcare services is good.
Only one out of 16 cases in the household sur-
vey stated that care was not sought because of
the distance to the nearest hospital. Health cen-
ters, which are staffed with nurses, were the
most popular choice among the study popula-
tion for initial health care visit, since they pro-
vide comparatively inexpensive care. Health cen-
ters in Thailand provide routine preventative care,
such as immunizations, to a defined population
and could function as an appropriate venue for
influenza vaccination should that be considered
in the future.

Our study had several limitations. Although
our sample size was relatively large, the number
of persons who reported having an influenza-
like illness was small, limiting our ability to fur-
ther characterize these cases. When we calcu-
lated our sample size, we searched for similar
studies in tropical countries, however there are
very few. We based our calculations on results
from a study in Singapore that detected at least
one episode of influenza-like iliness per person/
year (Ng et al, 2002). It is possible that these
other studies were conducted during a time of
high prevalence of viruses responsible for influ-
enza-like iliness, or that May 2003 had an atypi-
cally low prevalence of influenza-like iliness in
Sa Kaeo Province. However, despite obtaining
only a small number of cases with influenza-like
ilness the methodology of the survey was ro-
bust and the findings are consistent with other
studies in Sa Kaeo Province (Dowell et al, 2004).

The survey;covered illness events over a
period of one month in parts of May and June,
yet we now know that influenza in Thailand has
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a distinct seasonality peaking between June and
October (Thawatsupha et al, 2003; Simmerman
et al, 2004). Given the limitations in the national
surveillance data, our ability to extrapolate the
incidence to an annual rate using these data is
restricted. We believe surveys such as this
should be repeated at other times during the
year. We may have also had some overrepre-
sentation of females in our survey possibly be-
cause they were most likely to be home and
answer the questionnaire. Despite these limita-
tions, our survey provides needed initial insight
into the rural community incidence of a disease
of growing importance in the region.

The burden of influenza in rural Thailand,
with more than 26,000 cases in 2003 in Sa Kaeo
Province alone, is substantial and costs to the
individual are high. Although the total direct costs
per episode of only US$5 appear small in com-
parison to industrialized countries, costs per in-
fluenza-like illness episode including lost wages
can make up as much as 20% of the average
monthly income. Nearly half of the sick residents
needed a personal loan to pay for their iliness
related expenses.

Given the large disease burden and cost
from influenza illness, as well as the recent out-
breaks of influenza A (H5N1), Thailand may need
to focus on ways to better survey and control
influenza, and such a strategy might include use
of a vaccine. Continued research to isolate and
identify influenza strains circulating in Thailand
will be critical in the decision making process of
introducing influenza vaccination in the future.
With information guiding vaccine selection, Thai-
land will be in a unique position to consider a
vaccination demonstration project using the pre-
existing immunization program that has been
shown to be effective as a model for influenza.
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Abstract

Recent studies in Hong Kong and Singapore suggest that the annual impact of influenza in these wealthy tropical cities may be substantic
but little is known about the burden in middle-income tropical countries. We reviewed the status of influenza surveillance, vaccination,
research, and policy in Thailand as of January 2004. From 1993 to 2002, 64—-91 cases of clinically diagnosed influenza were reported pe
100,000 persons per year. Influenza viruses were isolated in 34% of 4305 specimens submitted to the national influenza laboratory. Vaccir
distribution figures suggest that less than 1% of the population is immunized against influenza each year. In January 2004, Thailand reporte
its first documented outbreak of influenza A H5N1 infection in poultry and the country’s first human cases of avian influenza. Thailand’s
growing economy, well-developed public health infrastructure, and effective national immunization program could enable the country to take
more active steps towards influenza control.

Published by Elsevier Ltd.
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1. Introduction climates that may be in a position to better define the bur-
den of disease and take more active steps towards influenza
Worldwide, annual outbreaks of influenza result in control.
widespread iliness, causing deaths in the elderly and young, Although effective vaccines have been available for many
social disruption, and a substantial economic burden to so-years, influenza vaccination coverage has often been subop-
ciety and the individua]l1,2]. Large-scale influenza surveil-  timal even in high-income countries in North America and
lance and vaccination has been mostly limited to wealthy Europe[3,4]. The requirements for annual vaccination and
countries in temperate climates. In contrast, in the world’s the high cost of the influenza vaccine when compared to other
poorest nations influenza surveillance and control may be vaccines recommended by WHO are likely to be significant
unrealistic given the acute shortage of human and financialobstacles to vaccine introduction in less wealthy countries.
resources and competing health problems. However, there arén the United States, vaccination with inactivated influenza
an increasing number of middle-income countries in tropical vaccines has been shown to be cost-effective in elderly per-
sons and in working adults in higher-income countries where
* Corresponding author. Tel.: +66 2 591 1294; fax: +66 2 580 0911. Inflpen.za_relatgd costs from lost p.rodugtlvn.y and health care
E-mail addressesmsimmerman@cdc.gov (J.M. Simmerman), utilization are high5-9]. Comparatively little is known about
sdowell@cdc.gov (S.F. Dowell). the burden of influenza in most middle-income countries and
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few studies have attempted to assess the cost-effectivenesmfluenza-like illness was found to occur throughout the year
of the vaccine in these countrigd]. However, the available  and accounted for 15% of all outpatient doctor visits over a
data suggest that influenza may represent a significant burder2-year period. The annual incidence of ILI was 117 per 1000
of disease in Southeast Asia. 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-
2. Thailand as a middle-income country ulation of 6.9 million persons, amounting to US$ 3.6 million
in hospital costs alon@8]. In 2002 Chiu and colleagues pub-
Thailand is located in tropical Southeast Asia between lished a retrospective study analyzing more than 90% of all
6 and 22 North latitude. The population in 2000 was hospital admissions in Hong Kong combined with virologic
62,350,000. The overall life expectancy is 68 years and in- data from a sentinel hospital over a 3-year period. Influenza
fant mortality is 29.5 per 1000 live birtHd1]. Thailand’s was found to be an important cause of hospitalization among
US$ 2160 per capita GNP in 1998 places the country in children less than 15 years of age with rates exceeding those
the middle-income category. Itis considerably wealthier than reported in temperate climatg®]. While these data suggest
neighboring Southeast Asian countries where data are avail-that influenza may be an important disease in certain large
able such as Laos, Cambodia, and Vietham whose per capitaities in tropical Southeast Asia, there is little information
GNP in 1998 was US$ 320, 260, and 350, respectily. on the burden of influenza in rural areas and in less wealthy
The Thai economy is making a strong recovery from its 1997 countries of the region.
economic crisis, which may allow the country more oppor-
tunities to implement additional preventive health measures
such as influenza vaccine. 4. Human influenza surveillance in Thailand
Thailand has a well-developed public health infrastruc-
ture and is undergoing a health care reform program that em-  Virological surveillance is conducted at the Thailand Na-
phasizes preventive care delivered locdlly3]. Thailand’s tional Institute of Health (NIH). The NIH participates in
national immunization program has a record of success inthe WHO influenza laboratory network as a national in-
maintaining immunization programs and implementing new fluenza center by conducting laboratory surveillance, sub-
vaccines. In 2002 Thailand was recognized in a joint United typing viruses responsible for disease outbreaks, and con-
Nations and World Health Organization (WHO) report for tributing strain surveillance data. Clinical samples are sub-
maintaining one of the highest performing routine immu- mitted by four provincial government hospitals and from two
nization programs in Southeast A$ia]. Thailand was also  hospitals and Public Health Center #17 in Bangkok that par-
among the first countries in the region to introduce univer- ticipate in its Emerging Infectious Disease (EID) program.
sal Hepatitis B vaccination, and reported a 96% coverage in Approximately 70-80% of samples come from Public Health
1998[15]. Center #17 and 60% of these samples are from children. In
2001, the Thai NIH tested oropharyngeal specimens by cul-
ture in Madin Darby Canine Kidney (MDCK) cells and a
3. Influenza in Southeast Asia commercially available indirect fluorescent antibody screen-
ing kit (Chemicon International Inc., USA). Of the 711 spec-
Published data on influenza in much of Southeast Asia imens tested, 338 (48%) were positive for influenza virus
are limited, especially when compared to recognized tropical and all but 11 viruses were typed and subtyped. The results
diseases such as malariaor dengue. Inthe 10 years since 1993howed that 155, 70, and 102 influenza isolates were A(H1),
a Pubmed search using the terms “Thailand” and “influenza” A(H3N2), and B viruses, respectively. Influenzavirusisiden-
found nine papers on influenza in Thailand compared to 120 tified throughout the year in Thailand with a peak in the pro-
on dengue, and 419 on malaria. This is despite the fact thatportion of positive isolates typically occurring between June
malaria in Thailand is now only endemic in certain border and Octobef20] (Fig. 1).
regions. The Bureau of Epidemiology at the Thai MOPH conducts
Recent papers from Singapore and Hong Kong provide passive surveillance on reported cases of influenza in Thai-
additional insight on influenza in the region. In Singapore, land. Because testing for influenza infection is not routinely
the burden of influenza-like illness (ILI) and influenza in- available, very few reported cases are ever confirmed in the
fection in adults were estimated from routine official and laboratory. Arecentreview of the passive reporting system for
published sources, community sample surveys, national vi- pneumonia in SaKaeo province in eastern Thailand suggested
rological surveillance, hospitalization and mortality data. In that surveillance case definitions are not uniformly applied
a population of 3 million people, 630,000 cases of influenza [21]. As with many passive surveillance systems, underre-
virus infection, resulting in 520,000 sick visits and 315,000 porting is also a concern. Alternatively, because the majority
lost days of work were estimated to occur each Y26} of ILI cases are not caused by influenza, the lack of laboratory
Influenza-like illness surveillance in Hong Kong has confirmation could also result in over-estimates of influenza
been conducted by means of a sentinel physician program.infections.
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Thailand reported between 64 and 91 cases of influenzasafeguarding the health of livestock, this type of surveillance
per 100,000 persons per year across all age groups durings important because avian and swine influenza viruses may
the years 1993—-200R2,23] Sharp peaks in reported in- be precursors to human pandemic influenza vir{@&s30]
fluenza cases are observed during the months of June through
September with smaller increases in reported cases some-

times being seen in January and Febru&ig.(2). In 1999, 6. Status of influenza vaccination in Thailand
11,869 hospitalizations due to influenza were reported in
Thailand, a rate of 21 per 100,000 population per y23f. Influenza vaccine is not widely used in Thailand and is

These dataimply that there are three to four ((21/64)—(21/91)) mostly limited to persons who can afford to pay private health
community influenza cases perinfluenza-associated hospital-care providers for the immunizatidB1]. Three companies
ization. This high ratio in Thailand could be the result of an currently distribute inactivated influenza vaccine in Thailand
increased likelihood of reporting more severe, hospitalized at an average retail cost of approximately 300 Thai baht (US$
cases or a lower threshold for hospital admission, or per- 7) per dose. According to vaccine company representatives,
haps most likely, the result of underreporting of milder cases the majority of influenza vaccine distributed in recent years
in the community. The age distribution of reported cases of has gone to the public sector, mainly to university hospi-
influenza infection in Thailand during 1999-2002 indicates tals and to the Thai MOPH. In the private sector, influenza
that influenza may be more likely to be diagnosed in older vaccines were sold mainly to hotels and airline companies
age groupsKig. 3. interested in protecting their employees from exposure to
influenza during travel or contact with touristgaple 1.
Since 2000, Thailand has provided influenza vaccine with-
5. Avian H5N1 influenza in Thailand out charge for approximately 30,000 Thai Muslims each year
who travel to Mecca for the HaB2].

The Thailand Department of Livestock Development Thailand’s immunization program has proven to be highly
(DLD) conducts passive and active surveillance for influenza effective in delivering Expanded Program of Immunization
virus in birds and swine. According to the Thai Broiler Pro- (EPI) vaccinesto the country’s 7.2 million childrenlessthan 5
cessing Exporters Association, approximately 800 million years of age. Most Thai children receive their immunizations
chickens are produced every year in Thailand with more than through community health centers and hospital immunization
400,000 people employed in this indug®¥]. Recent stud-  clinics. Introducing inactivated influenza vaccine to high-risk
ies suggest an increased risk for avian influenza infection children per WHO recommendations would represent a spe-
from occupational exposure to poultf25,26] Moreover, cial challenge to the national immunization program given
given the size of the poultry industry, the identification of the need to provide two immunizations to children who have
highly pathogenic avian influenza (HPAI) might have signif- never received the influenza vaccine and to annually revacci-
icant health and economic implications. Highly pathogenic nate[33]. Recent vaccine distribution data indicate that fewer
avian influenza had not been reported in Thailand prior to than 80,000 doses of influenza vaccine have been adminis-
January 200427]. tered annually in Thailand in recent yeai@ple ). When

By early January 2004, farms in southern, central and this figure is applied to Thailand’s population of 62,350,000
northern Thailand provinces were experiencing large-scale persons, this suggests that less than 1% of the general popula-
poultry deaths. At the same time, Vietnam reported its first tion may be currently vaccinated for influenza. Vaccine cov-
human deaths caused by avian H5N1 infection as well aserage may be higher among subgroups such as Thai Muslims,
widespread, large-scale poultry infections. In response, thehealthcare workers, or those with high-risk conditions such as
Thailand DLD strengthened active surveillance in all kinds obstructive pulmonary disease. However, no systematic as-
of poultry. On 23 January 2004, the Ministry of Agriculture sessment of influenza vaccine coverage has been conducted
announced that H5N1 influenza had been identified as thein Thailand.
cause of poultry die-offs in Thailand and reported the iso-
lation of HPAI to the International Organization for Animal
Health (OIE). Efforts to cull poultry from affected provinces 7. Influenza research in Thailand
began. By 6 February, the DLD had identified HSN1 infection
in 156 specimens collected from across Thailand in several Published influenza literature from Thailand is limited but
bird species including chickens, ducks, geese, peacocks, anduggests that influenza may be more important than com-
ostriches. Thailand has no AlV vaccination policy at present. monly appreciated. Since 1990 several papers have been pub-
It is thought that migratory waterfowl and perhaps passerine lished describing antigenic typing of influenza viruses iso-
species may actas an asymptomatic reservoir for awide rangdated in Thailand34—36] Other published papers discussed
of avian influenza subtypes and strains, including HE28l. aninfluenza outbreak in a mountain villg8&], influenzain-

To better describe the role of waterfowl and other wild birds fection in nursing assistani38], and an outbreak of fever of
in influenza ecology in Thailand, surveillance for AIV in- unknown origin (FUO) that was attributed to a mix of dengue
fection in wild birds was initiated in 2004. In addition to and influenza infectiof39]. In a study of 117 patients with
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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 72102 62075 48 365 82343

fever at community hospitals in northeastern Thailand during vaccines. Although more study is needed, the available liter-
May—November 2000, 14 (12%) were positive for influenza ature suggests that influenza may be a surprisingly important
by hemagglutination inhibition testing0]. Finally, Wong- cause of illness in Southeast Asia. Influenza surveillance in
surakiat and colleagues conducted a placebo-controlled,Thailand needs improvement, but the available data suggest a
double-blinded efficacy and cost-effectiveness study of in- disease burden that is greater than generally appreciated. In-
fluenza vaccine in 125 chronic obstructive pulmonary dis- fluenza vaccines are available in Thailand but uptake is very
ease patients. The vaccine was found to have reduced acutéow. Importantly, the Thai MOPH is open to policy changes
respiratory infection caused by influenza virus by 76% when with regard to influenza surveillance and control, suggesting
compared to placebo. The vaccine was determined to be costthat the findings of influenza research in Thailand could in-
effective, primarily by reducing the frequency of hospital ad- fluence influenza control policy in the near term. The scale of
mission and the need for mechanical ventilafiém]. the 2004 regional outbreak of influenza A H5N1 infection in
In August 2003, the Thai MOPH and the US Centers for poultry combined with the first report of human H5N1 deaths
Disease Control and Prevention’s International Emerging In- in Thailand may influence the debate on the importance of
fections Program (IEIP) began a 2-year study to determine influenza surveillance and control.
the incidence of influenza in hospitalized patients with radio-  Future research should include further examination of the
graphic confirmation of pneumonia and in outpatients with seasonality and health and economic burden of influenza in
influenza-like iliness in SaKaeo province in eastern Thailand. Thailand and other respiratory infections such as respiratory
Nasopharyngeal (NP) specimens from enrolled patients aresyncytial virus. Studies on the ecology of avian influenza in
tested for influenza and other respiratory viruses and cost of Thailand may help predict the emergence of avian influenza
illness data are collected from patients who test positive for viruses with the potential to cause the next influenza pan-
influenza. 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-
8. Thai MOPH influenza policy cisions about vaccine usage. For example, studies in healthy
working adults, the elderly and other high-risk groups demon-
Recent interest by the WHO in establishing the burden strating the usefulness of the vaccine in reducing serious ad-
of influenza in less-developed, tropical countries and the verse health outcomes and economic losses due to influenza
WHO's recommendation that national health authorities de- would be valuable. Further strengthening of influenza surveil-
velop pandemic preparedness plans has led to increased intefance in Thailand, perhaps involving rapid antigen testing and
est in influenza among Thai public health decision-makers. €xpanding virological surveillance would greatly facilitate
Although available in the private market, influenza vaccine efforts to estimate the burden of disease.
uptake in the general population has been poor due to low Middle-income countries such as South Africa, South Ko-
awareness and the relatively high cost of the vaccine. In ad-rea, Brazil, and others may be in a similar position as Thai-
dition to providing influenza vaccine to Thai pilgrims who land. Coordinated research efforts using standardized case
attend the Hajj, the Thai MOPH is considering providing in- definitions and laboratory methods could result in important
fluenza vaccines to institutionalized elderly persons. As of advances for influenza control in these countries. Such an
February 2004, no formal action had been taken on this pro-endeavor will require the collaboration of diverse partners
posal. Neither the Thai MOPH nor the Thai Medical Asso- including ministries of public health, the WHO, and the vac-
ciation has published guidelines for influenza vaccine use in cine and biologics industry.
Thailand.
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