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Abstract
Thailand has a high incidence and high mortality rates of influenza. This study summarizes the evidence on economic burden 
or costs of influenza subsequent to the occurrence of influenza illness in the Thai population by specific characteristics such 
as population demographics, health conditions, healthcare facilities, and/or cost types from published literature. A systematic 
search was conducted in six electronic databases. All costs were extracted and adjusted to 2018 US dollar value. Out of 581 
records, 11 articles (1 with macroeconomic analysis and 10 with microeconomic analyses) were included. Direct medical 
costs per episode for outpatients and inpatients ranged from US$4.21 to US$212.17 and from US$163.62 to US$4577.83, 
respectively, across distinct influenza illnesses. The overall burden of influenza was between US$31.1 and US$83.6 million per 
year and 50-53% of these estimates referred to lost productivity. Costs of screening for an outbreak of influenza at an 8-bed-
intensive-care-unit hospital was US$38242.75 per year. Labor-sensitive sectors such as services were the most affected 
part of the Thai economy. High economic burden tended to occur among children and older adults with co-morbidities 
and to be related to complications, non-vaccinated status, and severe influenza illness. Strategies involving prevention, limit 
of transmission, and treatment focusing on aforementioned patients’ factors, containment of hospitalization expenses and 
quarantine process, and assistance on labor-sensitive economy sectors are likely to reduce the economic burden of influenza. 
However, a research gap exists regarding knowledge about the economic burden of influenza in Thailand.
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Introduction

Influenza in humans is an acute respiratory infection mostly 
caused by influenza viruses types A and B.1 Influenza A 
viruses can be classified into subtypes such as A (H5N1), A 

(H3N2), and A (H1N1) while influenza B are subdivided into 
lineages and strains such as B/Yamagata. Influenza symp-
toms include fever, cough, headache, muscle and joint pain, 
feeling of discomfort, sore throat, and a runny nose.1 The 
illness ranges from mild to severe and death; its duration 
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Highlights

What do we already know about this topic?
- Influenza occurs all year round in Thailand and the epidemiological burden such as mortality is relatively high com-
pared to other countries.

What is the impact?
- The economic burden of influenza in Thailand was substantial, especially for children under two years and older adults 
with co-morbidities, and the main burden was due to lost productivity and direct medical costs during hospitalization.

What are your research’s implications toward theory, practice, or policy?
- The following management strategies may substantially reduce the economic burden of influenza: strategies includ-
ing prevention, limit of transmission, and treatment with focus on specific groups of the population such as children 
under 2 years, older adults with co-existing conditions, non-vaccinated individuals, and individuals with severe influ-
enza illness or complications, containment on hospitalization expenses and quarantine process, and assistance on 
labor-sensitive economy sectors.
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lasts about 2 weeks or more. Influenza can cause health com-
plications such as pneumonia, and can worsen pre-existing 
chronic conditions such as chronic obstructing pulmonary 
disease (COPD) and heart diseases.2 Vulnerable groups at 
high risk of severe influenza or complications when infected 
include pregnant women, children under 5 years, adults 
aged 60 and above, and people with chronic conditions or 
immunosuppressive conditions.3 Globally, the burden of 
influenza inter-pandemics can result in 1 billion cases and 3 
to 5 million cases will sustain severe illness each year.4 
Moreover, between 291 243 and 645 832 individuals world-
wide die annually from seasonal influenza-related respira-
tory illnesses.5

In Thailand, a middle-income country with a tropical cli-
mate in Southeast Asia, influenza cases occur throughout the 
year with 2 high peaks during the rainy season (June-August) 
and the winter (October-February).6,7 The overall incidence 
of influenza cases over 8.5 months between January 1st and 
September 18th, 2017 was 177.75 per 100 000 population 
(approximate range: 76.88 to 594.59 per 100 000 popula-
tion).8 The estimated mortality rate of influenza-related 
respiratory illnesses in Thai population was 6.1 (95% confi-
dence interval: 0.5-12.4) per 100 000 population or about 
3600 deaths (range: 300-7000 deaths) per year.9 The mor-
tality rates in Thailand were relatively high compared  
with those from other 32 countries worldwide (e.g. 118.9 
deaths/100 000 population in Thailand vs 17.9-223.5 
deaths/100 000 population in the 32 countries for adults aged 
75 years and greater).5

Economic burden of influenza is another measure evalu-
ating impact of influenza illness in terms of individual util-
ity and/or social welfare which can be evaluated at the 
microeconomic level (eg, individual’s income loss), or 
assessed as a whole at the macroeconomic level (eg, an 
overall change in gross domestic product).10 There is an 
increasing need to understand microeconomic consequences 
of a disease at the household level in middle- and low-
income countries because protecting populations from 
financial risk has been a main focus of global health policy 
development.10,11 Economic burden at the microeconomic 
level is often found in cost-of-illness studies which evaluate 
costs incurred due to illness in 3 categories of direct medical 
items (eg, medications and services), direct non-medical 
items (eg, transportation), and indirect costs (eg, lost 
income). Economic burden and cost-of-illness studies are 

useful for considering funding priorities and evaluating 
areas where savings may be made by decision policy mak-
ers,12 and they are used by organizations such as WHO, 
World Bank, and the US National Institute of Health.13

A number of previous studies evaluated and reviewed 
costs of influenza in Thailand.6,14,15 However, the informa-
tion was not comprehensively compiled and not reported by 
characteristics such as specific influenza illnesses, popula-
tions, vaccination status, or healthcare facilities which can 
later become focus of interventions dealing with influenza. 
This study had an objective to summarize the evidence on 
the estimated economic burden or costs of influenza subse-
quent to occurrence of influenza illness among Thai popu-
lation by specific characteristics including population’s 
demographics, patients’ health conditions, healthcare facili-
ties, and/or cost types from published literature in Thailand.

Methods

The current study attempted to collate the information about 
economic burden of influenza after infection of influenza 
occurred which can be costs at the individual level, costs of 
screening, or change in the economy of Thailand. A system-
atic review using 6 key databases comprising PubMed, 
CINAHL, EMBASE, Scopus, Web of Science, and EconLit 
was performed. A systematic search used the following key 
words and its controlled vocabulary or subject heading list of 
“(influenza OR flu) AND (economic burden OR cost OR 
cost of illness OR cost of disease OR economic burden of 
disease OR health care cost OR health expenditure) AND 
(Thailand OR low-income country OR middle-income coun-
try)”. Detailed medicine controlled vocabulary or subject 
heading list (MeSH Terms) from PubMed is presented on the 
Supplement. The search collected all articles including the 
search terms that appear in any place of the text. The search 
timeline was from the inception of the databases to 15th 
December 2018. The Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) check-
list was used as a guideline in this review.16

Eligible studies were those peer-reviewed studies written 
in English or Thai language. They needed to clearly evaluate 
or present economic burden of influenza, costs of influenza 
diagnosis, or costs of influenza treatment in a Thai setting. 
Types of studies were not limited. If a review study was 
retrieved from the search, original research from the review 
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study was used instead. Exclusion criteria were studies evalu-
ating other diseases, using settings in other countries and not 
including Thailand, not reporting costs of influenza illness or 
diagnosis, and evaluating costs of prevention strategies (eg, 
vaccine) alone. Studies from the search were screened first by 
titles and abstracts, and then by full text. After a final set of 
relevant articles was selected, manual searching was per-
formed by looking at the titles, abstracts, and full text of refer-
ences of the selected studies to collect further eligible studies. 
The screening, selection, manual searching, quality assess-
ment, and data extraction processes were completed by a 
reviewer (PK). Another independent reviewer checked the 
processes. The conflicts were solved by discussion between 
the reviewer and the independent reviewer.

To evaluate the quality of the included studies in this pres-
ent review and their credibility, a guideline of economic bur-
den report from the WHO manual for estimating the 
economic burden of seasonal influenza was utilized.17 This 
guideline was chosen because it is specific to the topic of this 
current study. It had a checklist of items that an economic-
burden study should report and possess. For example, a good 
economic-burden study should clearly state illness defini-
tions, sources of epidemiology data and costs, and funding 
sources, should explain items of costs, unit of costs, and 
methods of cost estimation, should perform cost discounting 
and sensitivity analysis, and should have results consistent 
with the methods.

The extracted data from the included studies mainly cov-
ered study characteristics such as settings and funding, study 
population, definition of influenza illness, cost methodology, 
and economic burden or costs of influenza illness. Costing 

methods can be categorized to 2 types: micro-costing and 
macro-costing. By micro-costing or an ingredient approach, 
the calculation is the multiplication of utilization of resource 
quantity and unit cost price. By macro-costing, costs are cal-
culated from a diagnosis-related group or cost-to-charge 
ratio. Costs of influenza illness would be reported stratified 
by the population’s age, cost types, facilities (outpatient and 
inpatient departments), vaccination status, and influenza ill-
ness. The cost types were composed of direct medical costs, 
direct non-medical costs, indirect costs, and total costs, 
which were generally used by health economic studies.

The extracted costs were adjusted to US dollar value in 
2018. If the original costs were reported in Thai baht or inter-
national dollars earlier than 2018, they were first converted 
to Thai baht in 2018 using the Thai consumer price index 
from Bank of Thailand.18 Then, the costs in 2018 Thai baht 
were converted to US dollars in 2018 using an average 
exchange rate of all months in 2018 (32.49 baht per US$1). If 
the original costs were reported in US dollars earlier than 
2018, they were converted to US dollars in 2018 using the 
annual average consumer price index from the U.S. 
Department of Labor Bureau of Labor Statistic.19 The cost 
conversion was done by Microsoft Excel 2019.

Results

There were 581 records found in the search from 6 databases 
and other sources (Figure 1). After removing duplicates, 500 
records were screened and 442 articles were excluded by 
their titles and abstracts. Of 58 full-text articles, 11 articles 
were included in this review.

578 records identified through database
searching
PubMed (n = 91), CINAHL (n = 169), EMBASE (n = 37), Scopus (n = 131),
Web of Science (n = 147), EconLit (n = 3)

Identification

Screening
500 records after duplicates removed

500 records screened
442 records excluded by title and abstract
with reasons: evaluation of other diseases (242),
evaluation in other countries (67), and not reporting cost of
influenza illness (133)

Eligibility
58 full-text studies assessed
for eligibility

47 full-text studies excluded with reasons:
evaluation of other topics (12), evaluation in other
countries (19), and not reporting cost of influenza illness
(16)

11 full-text studies to be included in the analysis

3 additional records
identified through cited
reference searching

Included

Figure 1. Flow diagram of systematic review results.
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The quality of the included studies was generally good 
(see details on Supplemental Table 1). All studies clearly 
explained the definitions of influenza and the sources of 
data, and they all reported costs consistent with the methods 
used. However, some studies did not explain some costing 
methods in detail. Three studies out of 11 (27%) did not 
specify the costing year;20-22 therefore, it was assumed that 
the costs were from the years of the study period. Total costs 
were not disaggregated in 4 studies (36%).21,23-25 Discounting 
of the costs was not performed in 7 studies (64%) but this 
was acceptable because discounting is not necessary when a 
study period is short. Nine studies (82%) had no sensitivity 
analysis of cost estimation; however, this was defensible as 
their study designs did not have assumptions on cost estima-
tion or different cost scenarios. Four studies (36%) did not 
have information about funding and it was assumed that 
there was no financial support for those studies.

Details of study characteristics, populations, influenza ill-
nesses, cost methodology, and economic burden are provided 
on Table 1. Briefly, most studies had funding by non-profit 
organizations and employed a survey and/or hospital data-
base for their cost estimation. Those 11 articles evaluated 
economic burden of influenza in the 3 main population 
groups: a) children,23-25 b) older adults,20,21,26 and c) individu-
als across various age groups/country.6,14,22,27,28 Types of 
influenza illness varied across the studies: (i) influenza-like 
illness (ILI) which is considered a mild spectrum of influ-
enza, (ii) seasonal influenza, (iii) influenza-associated acute 
respiratory illness or febrile respiratory illness, (iv) influ-
enza-associated pneumonia, (v) avian influenza (H5N1), and 
(vi) the 2009 (H1N1) influenza pandemic.

Extracted economic burden or costs of influenza illnesses 
arranged by the population’s age, cost types, facilities (eg, 
outpatient and inpatient departments), vaccination status, and 
influenza illness are shown in the last column of Table 1. The 
costs for outpatients were expenses for patients who did not 
have hospitalization and the costs for inpatients were expenses 
for patients who had hospitalizations. Concisely, 5 studies 
estimated only direct medical costs with a healthcare provider 
perspective and a patient perspective, and the remaining 5 
studies included direct medical costs together with direct non-
medical costs and/or indirect costs with a societal perspective 
and a patient perspective. There was 1 macroeconomic study 
with assessment of change in economy after the influenza A 
(H1N1) 2009 pandemic. Economic burden of influenza is 
summarized into 3 areas below: costs of illness at the indi-
vidual and national levels, screening costs at a hospital, and 
macroeconomic impact on the Thai economy.

Costs of Illness for Outpatients

Figure 2 shows a comparison of direct medical costs per epi-
sode of various influenza illnesses for outpatients across dif-
ferent studies. On the graph, only the costs per episode were 
presented but there were costs with other units such as costs 

per visit reported on Table 1. The costs per episode for outpa-
tients ranged from US$4.21 in a sample of patients with the 
average age of 37 years who had ILI and lived in a rural 
area14 to US$212.17 in a sample of the elderly with the aver-
age age of 68.2 years who had ILI and lived in an urban com-
munity.21 High direct medical costs among the outpatients 
were likely to occur in the elderly and children. However, the 
direct medical costs across studies may not contain exactly 
the same cost items. To compare the costs across age groups 
in the same study, children under 2 years old and children 
between 12 and 17 years old had the highest costs.28 
Vaccination status did not seem to affect the direct medical 
costs for outpatients as reported that the non-vaccinated 
elderly people and the vaccinated elderly ones did not have 
statistically significant difference in the costs of ILI 
(US$211.71 and US$212.17, respectively).21 Furthermore, 
direct medical costs for outpatients varied in the facilities 
they visited; direct medical costs of influenza per visit ranged 
from US$4.95 for a health center to US$18.92 for a private 
hospital (Table 1).6

In the study evaluating all related costs with disaggrega-
tion report,14 direct medical costs and transportation costs 
(US$4.21 and US$4.04, respectively) in outpatients were 
much lower compared with the lost income (US$20.24). The 
patients from this study were ill for a median of 5 days with 
at least 3 symptoms; 50% of the sample (8 persons) reported 
missing school or work.14

Costs of Illness for inpatients

Direct medical costs per episode of different influenza ill-
nesses for hospitalized patients across studies are shown on 
Figure 2. The costs ranged between US$163.62 from a study 
sample of children aged 18 years and younger who had a 
median of hospitalization period of 3 days (range: 1 to 
73 days)23 and US$4577.83 from a study sample with the 
mean age of 67.6 years who had COPD and stayed in the 
hospital between 10 to 48 days.20 From this figure, direct 
medical costs tended to be high in the cases with co-existing 
conditions (ie, COPD and ACS), complication (ie, pneumo-
nia), adults and older adults, and non-vaccinated status. 
Inpatient costs across studies should be compared with cau-
tion as different studies had slightly different cost items. To 
compare the costs across age groups in the same study, adults 
(18-59 years) had the highest costs followed by older adults 
(60 years and older) and children under two years old.28 
Moreover, from Table 1, direct medical costs for inpatients 
per day varied across different facilities ranging from 
US$163.11 at a district hospital to US$230.00 at a private 
hospital.6 Generally, the direct medical cost estimates for 
hospitalized patients were reported as a lump sum of several 
cost components (Table 1) and the cost of each component 
was not reported. However, 1 study with COPD patients 
reported that greater than 90% of the total costs of treatment 
were attributed to mechanical ventilatory support.20



5

T
ab

le
 1

. 
St

ud
y 

C
ha

ra
ct

er
is

tic
s 

an
d 

Ec
on

om
ic

 B
ur

de
n 

of
 In

flu
en

za
 Il

ln
es

s 
in

 T
ha

ila
nd

.

C
H

IL
D

R
E

N

A
ut

ho
r

St
ud

y
Po

pu
la

tio
n

In
flu

en
za

 il
ln

es
s

C
os

t 
m

et
ho

do
lo

gy
C

os
ts

 p
er

 u
ni

t 
(in

 2
01

8 
U

S 
do

lla
r 

va
lu

e)
 b

y 
co

st
 t

yp
es

, v
ac

ci
na

tio
n 

st
at

us
, a

nd
 in

flu
en

za
 il

ln
es

s

Pu
np

an
ic

h 
et

 a
l.23

O
bj

ec
ti

ve
:

T
o 

ev
al

ua
te

 c
lin

ic
al

 a
nd

 
ec

on
om

ic
 o

ut
co

m
es

 o
f 

ho
sp

ita
liz

ed
 c

hi
ld

re
n 

w
ith

 
in

flu
en

za
S

tu
dy

 t
yp

e:
R

et
ro

sp
ec

tiv
e

S
et

ti
ng

:
Pu

bl
ic

 h
os

pi
ta

l
S

tu
dy

 fu
nd

in
g:

N
on

e

T
ar

ge
t 

po
pu

la
ti

on
:

C
hi

ld
re

n 
(1

 m
on

th
 t

o 
18

 ye
ar

s)
S

am
pl

e:
28

9 
ch

ild
re

n 
(6

0.
9%

 
w

er
e 

ch
ild

re
n 

le
ss

 t
ha

n 
5 

ye
ar

s 
an

d 
39

.1
%

 w
er

e 
ch

ild
re

n 
ag

ed
 5

 ye
ar

s 
an

d 
ol

de
r)

T
yp

e 
of

 in
flu

en
za

 
ill

ne
ss

:
Se

as
on

al
 in

flu
en

za
 

(In
flu

en
za

 A
 a

nd
 B

)
C

on
fir

m
at

io
n 

of
 

in
flu

en
za

:
R

T
-P

C
R

 a
nd

 r
ap

id
 

te
st

in
g

C
os

ti
ng

 m
et

ho
ds

:
M

ic
ro

-c
os

tin
g

S
ou

rc
es

 o
f c

os
t 

da
ta

:
H

os
pi

ta
l d

at
ab

as
e

C
os

t 
pe

rs
pe

ct
iv

e:
H

ea
lth

ca
re

 p
ro

vi
de

r
O

ri
gi

na
l c

os
t 

ye
ar

:
20

10

D
ir

ec
t 

m
ed

ic
al

 c
os

ts
:

O
ut

pa
tie

nt
s: 

N
A

In
pa

tie
nt

s:
(T

he
 s

um
 o

f d
ia

gn
os

tic
s,

 t
he

ra
pe

ut
ic

s,
 a

cc
om

m
od

at
io

ns
, s

up
pl

ie
s,

 h
ea

lth
 c

ar
e 

se
rv

ic
es

, a
nd

 
ou

t-
of

-p
oc

ke
t 

pa
ym

en
ts

)
A

bo
ut

 9
9%

 w
er

e 
no

n 
va

cc
in

at
ed

M
ed

ia
n 

co
st

s 
pe

r 
ep

is
od

e
• 

Se
as
on

al
 in
flu
en
za
 in
 c
hi
ld
re
n 
(1
 m

on
th
 t
o 
18
 ye

ar
s)
: 1
75
.9
4

• 
Se
as
on

al
 in
flu
en
za
 (
in
flu
en
za
 A
) 
in
 c
hi
ld
re
n:
 1
86
.6
2

• 
Se
as
on

al
 in
flu
en
za
 (
in
flu
en
za
 B
) 
in
 c
hi
ld
re
n:
 1
63
.6
2

D
ir

ec
t 

no
n-

m
ed

ic
al

 c
os

ts
: N

A
In

di
re

ct
 c

os
ts

: N
A

T
ot

al
 (

di
re

ct
 +

 in
di

re
ct

) 
co

st
s:

 N
A

K
itt

ik
ra

is
ak

 
et

 a
l24

O
bj

ec
ti

ve
:

T
o 

ev
al

ua
te

 c
os

t-
ef

fe
ct

iv
en

es
s 

of
 

se
as

on
al

 in
flu

en
za

 v
ac

ci
na

tio
n

S
tu

dy
 t

yp
e:

Pr
os

pe
ct

iv
e

S
et

ti
ng

:
Pu

bl
ic

 h
os

pi
ta

l
S

tu
dy

 fu
nd

in
g:

C
en

te
rs

 fo
r 

D
is

ea
se

 C
on

tr
ol

T
ar

ge
t 

po
pu

la
ti

on
:

C
hi

ld
re

n 
(≤

5 
ye

ar
s)

S
am

pl
e:

11
49

 e
nr

ol
le

d 
ch

ild
re

n 
(6

59
 h

ea
lth

y 
an

d 
49

0 
hi

gh
-r

is
k)

T
yp

e 
of

 in
flu

en
za

 
ill

ne
ss

:
In

flu
en

za
-a

ss
oc

ia
te

d 
A

R
I

C
on

fir
m

at
io

n 
of

 
in

flu
en

za
:

R
T

-P
C

R

C
os

ti
ng

 m
et

ho
ds

:
M

ic
ro

-c
os

tin
g

S
ou

rc
es

 o
f c

os
t 

da
ta

:
In

te
rv

ie
w

 s
ur

ve
y 

an
d 

ho
sp

ita
l d

at
ab

as
e

C
os

t 
pe

rs
pe

ct
iv

e:
So

ci
et

y
O

ri
gi

na
l c

os
t 

ye
ar

:
20

12
, 2

01
3,

 a
nd

 2
01

4

D
ir

ec
t 

m
ed

ic
al

 c
os

ts
:

O
ut

pa
tie

nt
s: 

N
ot

 r
ep

or
te

d 
se

pa
ra

te
ly

In
pa

tie
nt

s: 
N

ot
 r

ep
or

te
d 

se
pa

ra
te

ly
D

ir
ec

t 
no

n-
m

ed
ic

al
 c

os
ts

: N
ot

 r
ep

or
te

d 
se

pa
ra

te
ly

In
di

re
ct

 c
os

ts
: N

ot
 r

ep
or

te
d 

se
pa

ra
te

ly
T

ot
al

 (
di

re
ct

 +
 in

di
re

ct
) 

co
st

s:
(T

he
 s

um
 o

f m
ed

ic
al

 a
nd

 d
ia

gn
os

tic
 c

os
ts

 p
ai

d 
by

 o
ut

-o
f-

po
ck

et
 a

nd
 b

y 
he

al
th

 in
su

ra
nc

e,
 

tr
an

sp
or

ta
tio

n 
co

st
s,

 a
nd

 s
el

f-
re

po
rt

ed
 a

ct
ua

l i
nc

om
e 

lo
ss

 o
r 

m
on

et
ar

y 
va

lu
e 

of
 p

ro
du

ct
iv

e 
w

or
k 

tim
e 

lo
ss

.)
N

on
-v

ac
ci

na
te

d
M

ed
ia

n 
co

st
s 

pe
r 

ep
is

od
e

• 
In
flu
en
za
 in
 h
ea
lth

y 
ch
ild
re
n 
ag
ed
 <

60
 m

on
th

s 
tr

ea
te

d 
in

 o
ut

pa
tie

nt
 d

ep
ar

tm
en

t: 
29

.3
9

• 
In
flu
en
za
 in
 h
ig
h-
ri
sk
 c
hi
ld
re
n 
ag
ed
 <

60
 m

on
th

s 
tr

ea
te

d 
in

 o
ut

pa
tie

nt
 d

ep
ar

tm
en

t: 
21

.3
8

• 
In
flu
en
za
 in
 h
ea
lth

y 
ch
ild
re
n 
ag
ed
 <

60
 m

on
th

s 
tr

ea
te

d 
in

 in
pa

tie
nt

 d
ep

ar
tm

en
t: 

45
4.

79
• 

In
flu
en
za
 in
 h
ig
h-
ri
sk
 c
hi
ld
re
n 
ag
ed
 <

60
 m

on
th

s 
tr

ea
te

d 
in

 in
pa

tie
nt

 d
ep

ar
tm

en
t: 

16
66

.6
6

V
ac

ci
na

te
d

M
ed

ia
n 

co
st

s 
pe

r 
ep

is
od

e
• 

In
flu
en
za
 in
 h
ea
lth

y 
ch
ild
re
n 
ag
ed
 <

60
 m

on
th

s 
tr

ea
te

d 
in

 o
ut

pa
tie

nt
 d

ep
ar

tm
en

t: 
27

.7
3

• 
In
flu
en
za
 in
 h
ig
h-
ri
sk
 c
hi
ld
re
n 
ag
ed
 <

60
 m

on
th

s 
tr

ea
te

d 
in

 o
ut

pa
tie

nt
 d

ep
ar

tm
en

t: 
43

.2
2

• 
In
flu
en
za
 in
 h
ea
lth

y 
ch
ild
re
n 
ag
ed
 <

60
 m

on
th

s 
tr

ea
te

d 
in

 in
pa

tie
nt

 d
ep

ar
tm

en
t: 

31
2.

46
• 

In
flu
en
za
 in
 h
ig
h-
ri
sk
 c
hi
ld
re
n 
ag
ed
 <

60
 m

on
th

s 
tr

ea
te

d 
in

 in
pa

tie
nt

 d
ep

ar
tm

en
t: 

52
1.

36
K

itt
ik

ra
is

ak
 

et
 a

l25
O

bj
ec

ti
ve

:
T

o 
ev

al
ua

te
 in

flu
en

za
 in

ci
de

nc
e 

an
d 

co
st

 b
et

w
ee

n 
he

al
th

y 
an

d 
hi

gh
-r

is
k 

ch
ild

re
n

S
tu

dy
 t

yp
e:

Pr
os

pe
ct

iv
e

S
et

ti
ng

:
Pu

bl
ic

 h
os

pi
ta

l
S

tu
dy

 fu
nd

in
g:

C
en

te
rs

 fo
r 

D
is

ea
se

 C
on

tr
ol

T
ar

ge
t 

po
pu

la
ti

on
:

C
hi

ld
re

n 
(≤

5 
ye

ar
s)

S
am

pl
e:

11
50

 e
nr

ol
le

d 
ch

ild
re

n 
(6

59
 h

ea
lth

y 
an

d 
49

0 
hi

gh
-r

is
k)

T
yp

e 
of

 in
flu

en
za

 
ill

ne
ss

:
In

flu
en

za
-a

ss
oc

ia
te

d 
A

R
I

C
on

fir
m

at
io

n 
of

 
in

flu
en

za
:

R
T

-P
C

R

C
os

ti
ng

 m
et

ho
ds

:
M

ic
ro

-c
os

tin
g

S
ou

rc
es

 o
f c

os
t 

da
ta

:
In

te
rv

ie
w

 s
ur

ve
y 

an
d 

ho
sp

ita
l d

at
ab

as
e

C
os

t 
pe

rs
pe

ct
iv

e:
So

ci
et

y
O

ri
gi

na
l c

os
t 

ye
ar

:
20

15

D
ir

ec
t 

m
ed

ic
al

 c
os

ts
:

O
ut

pa
tie

nt
s: 

N
ot

 r
ep

or
te

d 
se

pa
ra

te
ly

In
pa

tie
nt

s: 
N

ot
 r

ep
or

te
d 

se
pa

ra
te

ly
D

ir
ec

t 
no

n-
m

ed
ic

al
 c

os
ts

: N
ot

 r
ep

or
te

d 
se

pa
ra

te
ly

In
di

re
ct

 c
os

ts
: N

ot
 r

ep
or

te
d 

se
pa

ra
te

ly
T

ot
al

 (
di

re
ct

 +
 in

di
re

ct
) 

co
st

s:
(T

he
 s

um
 o

f m
ed

ic
al

 a
nd

 d
ia

gn
os

tic
 c

os
ts

 p
ai

d 
by

 o
ut

-o
f-

po
ck

et
 a

nd
 b

y 
he

al
th

 in
su

ra
nc

e,
 

tr
an

sp
or

ta
tio

n 
co

st
s,

 a
nd

 s
el

f-
re

po
rt

ed
 a

ct
ua

l i
nc

om
e 

lo
ss

 o
r 

m
on

et
ar

y 
va

lu
e 

of
 p

ro
du

ct
iv

e 
w

or
k 

tim
e 

lo
ss

.)
M

ix
ed

 v
ac

ci
ne

 s
ta

tu
s:

 >
70

%
 n

on
-v

ac
ci

na
te

d
M

ed
ia

n 
co

st
s 

pe
r 

ep
is

od
e

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
he
al
th
y 
ch
ild
re
n 
ag
ed
 <

60
 m

on
th

s:
 2

4.
37

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
hi
gh
-r
is
k 
ch
ild
re
n 
ag
ed
 <

60
 m

on
th

s:
 2

4.
37

• 
M
ild
 in
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
he
al
th
y 
ch
ild
re
n 
ag
ed
 <

60
 m

on
th

s:
 2

3.
31

• 
M
ild
 in
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
hi
gh
-r
is
k 
ch
ild
re
n 
ag
ed
 <

60
 m

on
th

s:
 2

6.
49

• 
Se
ve
re
 in
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
he
al
th
y 
ch
ild
re
n 
ag
ed
 <

60
 m

on
th

s:
 2

45
.7

9
• 

Se
ve
re
 in
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
hi
gh
-r
is
k 
ch
ild
re
n 
ag
ed
 <

60
 m

on
th

s:
 3

36
.9

0

(c
on

tin
ue

d)



6

A
ut

ho
r

St
ud

y
Po

pu
la

tio
n

In
flu

en
za

 il
ln

es
s

C
os

t 
m

et
ho

do
lo

gy
C

os
ts

 p
er

 u
ni

t 
(in

 2
01

8 
U

S 
do

lla
r 

va
lu

e)
 b

y 
co

st
 t

yp
es

, v
ac

ci
na

tio
n 

st
at

us
, a

nd
 in

flu
en

za
 il

ln
es

s

O
L

D
E

R
 A

D
U

L
T

S
 

W
on

gs
ur

ak
ia

t 
et

 a
l20

O
bj

ec
ti

ve
:

T
o 

ev
al

ua
te

 c
os

t-
ef

fe
ct

iv
en

es
s 

an
d 

co
st

-b
en

ef
it 

of
 in

flu
en

za
 

va
cc

in
at

io
n

S
tu

dy
 t

yp
e:

Pr
os

pe
ct

iv
e

S
et

ti
ng

:
U

ni
ve

rs
ity

 h
os

pi
ta

l
S

tu
dy

 fu
nd

in
g:

N
at

io
na

l R
es

ea
rc

h 
C

ou
nc

il 
of

 
T

ha
ila

nd
 a

nd
 in

flu
en

za
 v

ac
ci

ne
s 

w
er

e 
su

pp
or

te
d 

by
 A

ve
nt

is
 

Pa
st

eu
r 

(T
ha

ila
nd

) 
Lt

d.

T
ar

ge
t 

po
pu

la
ti

on
:

A
du

lts
 w

ith
 C

O
PD

S
am

pl
e:

12
5 

C
O

PD
 c

as
es

 (
av

er
ag

e 
ag

e:
 6

7.
6 

ye
ar

s 
in

 v
ac

ci
ne

 
gr

ou
p 

an
d 

69
.1

 ye
ar

s 
in

 
pl

ac
eb

o 
gr

ou
p)

T
yp

e 
of

 in
flu

en
za

 
ill

ne
ss

:
In

flu
en

za
-a

ss
oc

ia
te

d 
A

R
I

C
on

fir
m

at
io

n 
of

 
in

flu
en

za
:

In
di

re
ct

 
im

m
un

of
lu

or
es

ce
nc

e 
or

 H
I t

es
t

C
os

ti
ng

 m
et

ho
ds

:
M

ic
ro

-c
os

tin
g

S
ou

rc
es

 o
f c

os
t 

da
ta

:
H

os
pi

ta
l d

at
ab

as
e

C
os

t 
pe

rs
pe

ct
iv

e:
H

ea
lth

ca
re

 p
ro

vi
de

r
O

ri
gi

na
l c

os
t 

ye
ar

:
19

97
 a

nd
 1

99
8

D
ir

ec
t 

m
ed

ic
al

 c
os

ts
:

O
ut

pa
tie

nt
s:

(M
ed

ic
at

io
n 

co
st

s 
fr

om
 t

he
 h

os
pi

ta
l d

is
pe

ns
ar

y)
N

on
-v

ac
ci

na
te

d
A

ve
ra

ge
 c

os
ts

 p
er

 e
pi

so
de

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
pa
tie

nt
s 
w
ith

 m
ild
-a
ir
flo

w
-o
bs
tr
uc
tio

n 
C
O
PD

: 4
6.
75

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
pa
tie

nt
s 
w
ith

 m
od

er
at
e-
ai
rf
lo
w
-o
bs
tr
uc
tio

n 
C
O
PD

: 1
0.
50

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
pa
tie

nt
s 
w
ith

 s
ev
er
e-
ai
rf
lo
w
-o
bs
tr
uc
tio

n 
C
O
PD

: 1
9.
14

• 
A
ve
ra
ge
 n
on

-v
ac
ci
na
te
d 
pa
tie

nt
s 
w
ith

 C
O
PD

: 2
5.
46

V
ac

ci
na

te
d

A
ve

ra
ge

 c
os

ts
 p

er
 e

pi
so

de
• 

In
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
pa
tie

nt
s 
w
ith

 m
ild
-a
ir
flo

w
-o
bs
tr
uc
tio

n 
C
O
PD

: N
A

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
pa
tie

nt
s 
w
ith

 m
od

er
at
e-
ai
rf
lo
w
-o
bs
tr
uc
tio

n 
C
O
PD

: 3
6.
32

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
pa
tie

nt
s 
w
ith

 s
ev
er
e-
ai
rf
lo
w
-o
bs
tr
uc
tio

n 
C
O
PD

: N
A

• 
A
ve
ra
ge
 v
ac
ci
na
te
d 
pa
tie

nt
s 
w
ith

 C
O
PD

: 3
6.
32

In
pa

tie
nt

s:
(C

os
ts

 o
f t

re
at

m
en

t, 
ho

te
l, 

fo
od

, m
ed

ic
al

 m
on

ito
ri

ng
, v

en
til

at
io

n 
su

pp
or

t)
N

on
-v

ac
ci

na
te

d
A

ve
ra

ge
 c

os
ts

 p
er

 e
pi

so
de

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
pa
tie

nt
s 
w
ith

 m
ild
-a
ir
flo

w
-o
bs
tr
uc
tio

n 
C
O
PD

: 7
82
.5
2

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
pa
tie

nt
s 
w
ith

 m
od

er
at
e-
ai
rf
lo
w
-o
bs
tr
uc
tio

n 
C
O
PD

: 4
57
7.
83

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
pa
tie

nt
s 
w
ith

 s
ev
er
e-
ai
rf
lo
w
-o
bs
tr
uc
tio

n 
C
O
PD

: 4
36
3.
71

• 
A
ve
ra
ge
 n
on

-v
ac
ci
na
te
d 
pa
tie

nt
s 
w
ith

 C
O
PD

: 3
24
1.
35

V
ac

ci
na

te
d

A
ve

ra
ge

 c
os

ts
 p

er
 e

pi
so

de
• 

In
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
pa
tie

nt
s 
w
ith

 m
ild
-a
ir
flo

w
-o
bs
tr
uc
tio

n 
C
O
PD

: 1
92
.9
5

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
pa
tie

nt
s 
w
ith

 m
od

er
at
e-
ai
rf
lo
w
-o
bs
tr
uc
tio

n 
C
O
PD

: N
A

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
A
R
I i
n 
pa
tie

nt
s 
w
ith

 s
ev
er
e-
ai
rf
lo
w
-o
bs
tr
uc
tio

n 
C
O
PD

: 7
72
.2
5

• 
A
ve
ra
ge
 v
ac
ci
na
te
d 
pa
tie

nt
s 
w
ith

 C
O
PD

: 4
82
.6
0

D
ir

ec
t 

no
n-

m
ed

ic
al

 c
os

ts
: N

A
In

di
re

ct
 c

os
ts

: N
A

T
ot

al
 (

di
re

ct
 +

 in
di

re
ct

) 
co

st
s:

 N
A

Pr
ad

its
uw

an
 

et
 a

l21
O

bj
ec

ti
ve

:
T

o 
ev

al
ua

te
 c

os
t-

ef
fe

ct
iv

en
es

s 
of

 
in

flu
en

za
 v

ac
ci

na
tio

n
S

tu
dy

 t
yp

e:
Pr

os
pe

ct
iv

e
S

et
ti

ng
:

U
rb

an
 c

om
m

un
iti

es
S

tu
dy

 fu
nd

in
g:

N
at

io
na

l R
es

ea
rc

h 
C

ou
nc

il 
of

 
T

ha
ila

nd
 a

nd
 in

flu
en

za
 v

ac
ci

ne
s 

w
er

e 
su

pp
or

te
d 

by
 A

ve
nt

is
 

Pa
st

eu
r 

(T
ha

ila
nd

) 
Lt

d.

T
ar

ge
t 

po
pu

la
ti

on
:

El
de

rl
y 

(≥
60

 ye
ar

s)
S

am
pl

e:
63

5 
el

de
rl

y 
(a

ve
ra

ge
 a

ge
: 

68
.2

 ye
ar

s 
in

 v
ac

ci
ne

 
gr

ou
p 

an
d 

68
.1

 ye
ar

s 
in

 
pl

ac
eb

o 
gr

ou
p)

T
yp

e 
of

 in
flu

en
za

 
ill

ne
ss

:
IL

I
C

on
fir

m
at

io
n 

of
 

in
flu

en
za

:
Sy

m
pt

om
s-

ba
se

d 
m

et
ho

ds

C
os

ti
ng

 m
et

ho
ds

:
M

ic
ro

-c
os

tin
g

S
ou

rc
es

 o
f c

os
t 

da
ta

:
Su

rv
ey

C
os

t 
pe

rs
pe

ct
iv

e:
Pa

tie
nt

O
ri

gi
na

l c
os

t 
ye

ar
:

19
98

 a
nd

 1
99

9

D
ir

ec
t 

m
ed

ic
al

 c
os

ts
:

O
ut

pa
tie

nt
s:

(C
os

ts
 o

f t
re

at
m

en
ts

 fr
om

 t
he

 c
lin

ic
s 

an
d 

ho
sp

ita
ls

)
N

on
-v

ac
ci

na
te

d
A

ve
ra

ge
 c

os
ts

 p
er

 e
pi

so
de

• 
IL
I i
n 
el
de
rl
y 
ag
ed
 6
0 
ye
ar
s 
or
 o
ld
er
: 2
11
.7
1

V
ac

ci
na

te
d

A
ve

ra
ge

 c
os

ts
 p

er
 e

pi
so

de
• 

IL
I i
n 
el
de
rl
y 
ag
ed
 6
0 
ye
ar
s 
or
 o
ld
er
: 2
12
.1
7

In
pa

tie
nt

s: 
N

A
D

ir
ec

t 
no

n-
m

ed
ic

al
 c

os
ts

: N
A

In
di

re
ct

 c
os

ts
: N

A
T

ot
al

 (
di

re
ct

 +
 in

di
re

ct
) 

co
st

s:
 N

A

(c
on

tin
ue

d)

Ta
bl

e 
1.

 (
co

nt
in

ue
d)



7

A
ut

ho
r

St
ud

y
Po

pu
la

tio
n

In
flu

en
za

 il
ln

es
s

C
os

t 
m

et
ho

do
lo

gy
C

os
ts

 p
er

 u
ni

t 
(in

 2
01

8 
U

S 
do

lla
r 

va
lu

e)
 b

y 
co

st
 t

yp
es

, v
ac

ci
na

tio
n 

st
at

us
, a

nd
 in

flu
en

za
 il

ln
es

s

Sr
ib

hu
to

rn
 

et
 a

l26
O

bj
ec

ti
ve

:
T

o 
ev

al
ua

te
 t

he
 e

ffe
ct

 o
f a

nn
ua

l 
in

flu
en

za
 v

ac
ci

na
tio

n 
on

 
ca

rd
io

va
sc

ul
ar

 e
ve

nt
s 

an
d 

pn
eu

m
on

ia
 p

re
ve

nt
io

n
S

tu
dy

 t
yp

e:
R

et
ro

sp
ec

tiv
e

S
et

ti
ng

:
C

ou
nt

ry
 (

T
ha

ila
nd

)
S

tu
dy

 fu
nd

in
g:

N
on

e

T
ar

ge
t 

po
pu

la
ti

on
:

A
du

lts
 w

ith
 A

C
S

S
am

pl
e:

Si
m

ul
at

io
n 

of
 in

di
vi

du
al

s 
w

ith
 A

C
S 

st
ar

tin
g 

to
 

ha
ve

 p
ne

um
on

ia
 o

r 
IL

I 
at

 6
5 

ye
ar

s

T
yp

e 
of

 in
flu

en
za

 
ill

ne
ss

:
In

flu
en

za
-a

ss
oc

ia
te

d 
pn

eu
m

on
ia

 a
nd

I L
I

C
on

fir
m

at
io

n 
of

 
in

flu
en

za
:

IC
D

-1
0 

co
de

s 
(J9

-J1
80

) 
fo

r 
In

flu
en

za
 a

nd
 

pn
eu

m
on

ia

C
os

ti
ng

 m
et

ho
ds

:
M

ic
ro

-c
os

tin
g 

an
d 

M
ac

ro
-

co
st

in
g

S
ou

rc
es

 o
f c

os
t 

da
ta

:
H

os
pi

ta
l d

at
ab

as
e 

an
d 

st
an

da
rd

 u
ni

t 
co

st
C

os
t 

pe
rs

pe
ct

iv
e:

So
ci

et
y

O
ri

gi
na

l c
os

t 
ye

ar
:

20
16

D
ir

ec
t 

m
ed

ic
al

 c
os

ts
:

O
ut

pa
tie

nt
s: 

N
A

In
pa

tie
nt

s:
(H

os
pi

ta
liz

at
io

n 
co

st
s,

 fa
re

 c
os

t, 
an

d 
ad

di
tio

na
l f

oo
d 

co
st

)
N

o 
in

fo
rm

at
io

n 
re

ga
rd

in
g 

va
cc

in
at

io
n

A
ve

ra
ge

 c
os

ts
 p

er
 e

pi
so

de
• 

In
flu
en
za
-a
ss
oc
ia
te
d 
pn
eu
m
on

ia
 a
nd

 IL
I i
n 
ho

sp
ita
liz
ed
 p
at
ie
nt
s 
w
ith

 A
C
S 
at
 t
he
 a
ge
 o
ve
r 
65
: 

10
33

.8
4

D
ir

ec
t 

no
n-

m
ed

ic
al

 c
os

ts
: A

dd
iti

on
al

 fo
od

 c
os

t 
w

as
 in

cl
ud

ed
 in

 t
he

 d
ir

ec
t 

m
ed

ic
al

 c
os

ts
In

di
re

ct
 c

os
ts

:
(L

os
t 

in
co

m
e 

fo
r 

bo
th

 p
at

ie
nt

s 
an

d 
ca

re
gi

ve
rs

)
N

o 
in

fo
rm

at
io

n 
re

ga
rd

in
g 

va
cc

in
at

io
n

A
ve

ra
ge

 c
os

t 
pe

r 
ep

is
od

e
• 

In
flu
en
za
-a
ss
oc
ia
te
d 
pn
eu
m
on

ia
 a
nd

 IL
I i
n 
ho

sp
ita
liz
ed
 p
at
ie
nt
s 
w
ith

 A
C
S 
at
 t
he
 a
ge
 o
ve
r 
65
: 

20
.6

7
T

ot
al

 (
di

re
ct

 +
 in

di
re

ct
) 

co
st

s:
N

o 
in

fo
rm

at
io

n 
re

ga
rd

in
g 

va
cc

in
at

io
n

A
ve

ra
ge

 c
os

t 
pe

r 
ep

is
od

e
• 

In
flu
en
za
-a
ss
oc
ia
te
d 
pn
eu
m
on

ia
 a
nd

 IL
I i
n 
ho

sp
ita
liz
ed
 p
at
ie
nt
s 
w
ith

 A
C
S 
at
 t
he
 a
ge
 o
ve
r 
65
: 

10
54

.5
1

V
A

R
IO

U
S

 A
G

E
 G

R
O

U
P

S
 

A
pi

sa
rn

th
an

ar
ak

 
et

 a
l22

O
bj

ec
ti

ve
:

T
o 

es
tim

at
e 

co
st

s 
of

 a
vi

an
 

in
flu

en
za

 (
H

5N
1)

 s
cr

ee
ni

ng
 a

nd
 

pr
ev

al
en

ce
 o

f i
nf

lu
en

za
 (

H
5N

1)
 

an
d 

in
flu

en
za

 A
 p

ne
um

on
ia

 in
 

an
 H

5N
1 

en
de

m
ic

 a
re

a
S

tu
dy

 t
yp

e:
Pr

os
pe

ct
iv

e
S

et
ti

ng
:

U
ni

ve
rs

ity
 h

os
pi

ta
l

S
tu

dy
 fu

nd
in

g:
N

at
io

na
l C

en
te

r 
an

d 
G

en
et

ic
 

En
gi

ne
er

in
g 

an
d 

Bi
ot

ec
hn

ol
og

y,
 

N
at

io
na

l S
ci

en
ce

 a
nd

 
T

ec
hn

ol
og

y 
D

ev
el

op
m

en
t 

A
ge

nc
y,

 a
nd

 T
ha

i R
es

ea
rc

h 
Fu

nd
.

T
ar

ge
t 

po
pu

la
ti

on
:

A
du

lts
 w

ith
 c

om
m

un
ity

-
ac

qu
ir

ed
 p

ne
um

on
ia

 a
t 

th
e 

in
te

ns
iv

e 
ca

re
 u

ni
t

S
am

pl
e:

11
5 

ad
ul

ts
 w

ith
 t

he
 a

ge
 

ra
ng

e 
of

 1
7 

to
 8

2 
an

d 
th

e 
av

er
ag

e 
ag

e 
of

 
64

 ye
ar

s 
w

er
e 

sc
re

en
ed

 
(7

%
 h

ad
 in

flu
en

za
 A

 
(H

3N
2)

; n
on

e 
ha

d 
in

flu
en

za
 A

 (
H

5N
1)

)

T
yp

e 
of

 in
flu

en
za

 
ill

ne
ss

:
A

vi
an

 in
flu

en
za

 (
H

5N
1)

C
on

fir
m

at
io

n 
of

 
in

flu
en

za
:

V
ir

al
 c

ul
tu

re
, R

ea
l-

tim
e 

R
T

-P
C

R
, a

nd
 

m
ic

ro
ne

ut
ra

liz
at

io
n 

te
st

 fo
r 

H
5-

sp
ec

ifi
c 

an
tib

od
y

C
os

ti
ng

 m
et

ho
ds

:
M

ic
ro

-c
os

tin
g

S
ou

rc
es

 o
f c

os
t 

da
ta

:
H

os
pi

ta
l d

at
ab

as
e

C
os

t 
pe

rs
pe

ct
iv

e:
H

ea
lth

ca
re

 p
ro

vi
de

r
O

ri
gi

na
l c

os
t 

ye
ar

:
20

05
 a

nd
 2

00
6

D
ir

ec
t 

m
ed

ic
al

 c
os

ts
:

O
ut

pa
tie

nt
s: 

N
A

In
pa

tie
nt

s:
N

o 
in

fo
rm

at
io

n 
re

ga
rd

in
g 

va
cc

in
at

io
n

C
os

ts
 p

er
 s

cr
ee

ni
ng

 in
 a

 y
ea

r 
(d

ur
in

g 
th

e 
st

ud
y 

pe
ri

od
)

• 
D
ia
gn
os
tic

 t
es
tin

g 
co
st
s 
of
 s
cr
ee
ni
ng
 fo

r 
in
flu
en
za
 H

5N
1 
in
 in
pa
tie

nt
s 
(IC

U
) 
(D

ia
gn
os
tic

s 
in

cl
ud

ed
 v

ir
al

 c
ul

tu
re

, R
T

-P
C

R
, a

nd
 H

5 
an

tib
od

y 
te

st
): 

91
86

.0
8

• 
Is
ol
at
io
n 
co
st
s 
in
vo
lv
ed
 w
ith

 s
ta
ff 
tim

e,
 g
ow

ns
, g
lo
ve
s,
 a
nd

 s
ur
gi
ca
l m

as
ks
 fo

r 
pr
ob

ab
le
 

H
5N

1 
ca

se
s 

in
 in

pa
tie

nt
s 

(IC
U

): 
29

 0
56

.6
7

• 
T
ot
al
 c
os
ts
 o
f d

ia
gn
os
tic

 t
es
tin

g 
an
d 
is
ol
at
io
n 
m
an
ag
em

en
t 
fo
r 
in
flu
en
za
 H

5N
1 
sc
re
en
in
g:
 

38
 2

42
.7

5
D

ir
ec

t 
no

n-
m

ed
ic

al
 c

os
ts

: N
A

In
di

re
ct

 c
os

ts
: N

A
T

ot
al

 (
di

re
ct

 +
 in

di
re

ct
) 

co
st

s:
 N

A

C
la

gu
e 

et
 a

l14
O

bj
ec

ti
ve

:
T

o 
ev

al
ua

te
 t

he
 b

ur
de

n 
of

 
in

flu
en

za
-li

ke
 il

ln
es

s
S

tu
dy

 t
yp

e:
R

et
ro

sp
ec

tiv
e

S
et

ti
ng

:
R

ur
al

 p
ro

vi
nc

e 
in

 T
ha

ila
nd

 (
Sa

 
K

ae
o)

S
tu

dy
 fu

nd
in

g:
N

on
e

T
ar

ge
t 

po
pu

la
ti

on
:

In
di

vi
du

al
s 

ac
ro

ss
 v

ar
io

us
 

ag
e 

gr
ou

ps
S

am
pl

e:
O

ut
 o

f 7
18

 in
di

vi
du

al
s 

in
te

rv
ie

w
ed

, 1
6 

re
po

rt
ed

 IL
I (

av
er

ag
e 

ag
e:

 3
7 

ye
ar

s;
 r

an
ge

: 
(1

, 7
9)

)

T
yp

e 
of

 in
flu

en
za

 
ill

ne
ss

:
IL

I
C

on
fir

m
at

io
n 

of
 

in
flu

en
za

:
Sy

m
pt

om
s-

ba
se

d 
m

et
ho

ds

C
os

ti
ng

 m
et

ho
ds

:
M

ic
ro

-c
os

tin
g

S
ou

rc
es

 o
f c

os
t 

da
ta

:
H

ou
se

ho
ld

 In
te

rv
ie

w
 

su
rv

ey
C

os
t 

pe
rs

pe
ct

iv
e:

Pa
tie

nt
O

ri
gi

na
l c

os
t 

ye
ar

:
20

03

D
ir

ec
t 

m
ed

ic
al

 c
os

ts
:

O
ut

pa
tie

nt
s:

(A
ve

ra
ge

 o
ut

-o
f-

po
ck

et
 m

ed
ic

al
 c

ar
e 

at
 d

oc
to

r 
vi

si
ts

, t
ra

di
tio

na
l h

ea
le

r 
vi

si
ts

, a
nd

 p
ha

rm
ac

y 
vi

si
ts

)
N

o 
in

fo
rm

at
io

n 
re

ga
rd

in
g 

va
cc

in
at

io
n

A
ve

ra
ge

 c
os

ts
 p

er
 e

pi
so

de
• 

IL
I c
al
cu
la
te
d 
fr
om

 a
ll 
ag
es
: 4
.2
1

In
pa

tie
nt

s: 
N

A

(c
on

tin
ue

d)

Ta
bl

e 
1.

 (
co

nt
in

ue
d)



8

A
ut

ho
r

St
ud

y
Po

pu
la

tio
n

In
flu

en
za

 il
ln

es
s

C
os

t 
m

et
ho

do
lo

gy
C

os
ts

 p
er

 u
ni

t 
(in

 2
01

8 
U

S 
do

lla
r 

va
lu

e)
 b

y 
co

st
 t

yp
es

, v
ac

ci
na

tio
n 

st
at

us
, a

nd
 in

flu
en

za
 il

ln
es

s

D
ir

ec
t 

no
n-

m
ed

ic
al

 c
os

ts
:

(T
ra

ns
po

rt
at

io
n)

N
o 

in
fo

rm
at

io
n 

re
ga

rd
in

g 
va

cc
in

at
io

n
A

ve
ra

ge
 c

os
ts

 p
er

 e
pi

so
de

• 
IL
I c
al
cu
la
te
d 
fr
om

 a
ll 
ag
es
: 4
.0
4

In
di

re
ct

 c
os

ts
:

(L
os

t 
w

ag
es

)
N

o 
in

fo
rm

at
io

n 
re

ga
rd

in
g 

va
cc

in
at

io
n

A
ve

ra
ge

 c
os

ts
 p

er
 e

pi
so

de
• 

IL
I c
al
cu
la
te
d 
fr
om

 a
ll 
ag
es
: 2
0.
24

T
ot

al
 (

di
re

ct
 +

 in
di

re
ct

) 
co

st
s:

N
o 

in
fo

rm
at

io
n 

re
ga

rd
in

g 
va

cc
in

at
io

n
A

ve
ra

ge
 c

os
ts

 p
er

 e
pi

so
de

• 
IL
I c
al
cu
la
te
d 
fr
om

 a
ll 
ag
es
: 2
8.
49

Si
m

m
er

m
an

 
et

 a
l6

O
bj

ec
ti

ve
:

T
o 

es
tim

at
e 

th
e 

in
ci

de
nc

e 
an

d 
di

re
ct

 a
nd

 in
di

re
ct

 c
os

ts
 o

f 
in

flu
en

za
-a

ss
oc

ia
te

d 
ill

ne
ss

 fo
r 

in
pa

tie
nt

s 
an

d 
ou

tp
at

ie
nt

s
S

tu
dy

 t
yp

e:
Pr

os
pe

ct
iv

e
S

et
ti

ng
:

C
ou

nt
ry

 (
T

ha
ila

nd
)

S
tu

dy
 fu

nd
in

g:
N

on
e

T
ar

ge
t 

po
pu

la
ti

on
:

In
di

vi
du

al
s 

ac
ro

ss
 v

ar
io

us
 

ag
e 

gr
ou

ps
S

am
pl

e:
76

1 
ho

sp
ita

l i
np

at
ie

nt
s 

(0
-8

8 
ye

ar
s)

 a
nd

 1
09

2 
ou

tp
at

ie
nt

s 
(0

-7
3 

ye
ar

s)
 

w
er

e 
en

ro
lle

d 
(p

os
iti

ve
 

in
flu

en
za

: 1
1%

 a
nd

 2
4%

, 
re

sp
ec

tiv
el

y)

T
yp

e 
of

 in
flu

en
za

 
ill

ne
ss

:
In

flu
en

za
-a

ss
oc

ia
te

d 
pn

eu
m

on
ia

 fo
r 

in
pa

tie
nt

s 
an

d 
in

flu
en

za
-a

ss
oc

ia
te

d 
fe

br
ile

 r
es

pi
ra

to
ry

 
ill

ne
ss

 fo
r 

ou
tp

at
ie

nt
s

C
on

fir
m

at
io

n 
of

 
in

flu
en

za
:

R
T

-P
C

R
 a

nd
 H

I f
or

 
in

pa
tie

nt
s

A
 r

ap
id

 t
es

t, 
ce

ll 
cu

ltu
re

, a
nd

 R
T

-P
C

R
 

fo
r 

ou
tp

at
ie

nt
s

C
os

ti
ng

 m
et

ho
ds

:
M

ic
ro

-c
os

tin
g

S
ou

rc
es

 o
f c

os
t 

da
ta

:
M

ix
ed

 t
yp

es
 in

cl
ud

in
g 

in
te

rv
ie

w
, m

ed
ic

al
 

re
co

rd
s,

 s
ur

ve
y,

 a
nd

 
da

ta
ba

se
s

C
os

t 
pe

rs
pe

ct
iv

e:
So

ci
et

y
O

ri
gi

na
l c

os
t 

ye
ar

:
20

04

D
ir

ec
t 

m
ed

ic
al

 c
os

ts
:

N
o 

in
fo

rm
at

io
n 

re
ga

rd
in

g 
va

cc
in

at
io

n
A

ve
ra

ge
 c

os
ts

 p
er

 y
ea

r 
(N

at
io

na
l l

ev
el

)
• 

La
bo

ra
to
ry
-c
on

fir
m
ed
 in
flu
en
za
 in
 o
ut
pa
tie

nt
s 
an
d 
in
flu
en
za
-a
ss
oc
ia
te
d 
pn
eu
m
on

ia
 in
 

in
pa

tie
nt

s:
 1

3.
56

 t
o 

36
.0

2 
m

ill
io

n
O

ut
pa

tie
nt

s:
(H

ou
se

ho
ld

 e
xp

en
di

tu
re

 t
o 

m
an

ag
e 

th
e 

ill
ne

ss
)

N
o 

in
fo

rm
at

io
n 

re
ga

rd
in

g 
va

cc
in

at
io

n
A

ve
ra

ge
 c

os
ts

 p
er

 v
is

it
• 

La
bo

ra
to
ry
-c
on

fir
m
ed
 in
flu
en
za
 a
t 
a 
he
al
th
 c
en
te
r:
 4
.9
5

• 
La
bo

ra
to
ry
-c
on

fir
m
ed
 in
flu
en
za
 a
t 
a 
di
st
ri
ct
 h
os
pi
ta
l: 
11
.1
8

• 
La
bo

ra
to
ry
-c
on

fir
m
ed
 in
flu
en
za
 a
t 
a 
pr
ov
in
ci
al
 h
os
pi
ta
l: 
16
.8
7

• 
La
bo

ra
to
ry
-c
on

fir
m
ed
 in
flu
en
za
 a
t 
ot
he
r 
pu
bl
ic
 h
os
pi
ta
ls
: 1
9.
63

• 
La
bo

ra
to
ry
-c
on

fir
m
ed
 in
flu
en
za
 a
t 
a 
pr
iv
at
e 
cl
in
ic
: 8
.5
9

• 
La
bo

ra
to
ry
-c
on

fir
m
ed
 in
flu
en
za
 a
t 
a 
pr
iv
at
e 
ho

sp
ita
l: 
18
.9
2

• 
La
bo

ra
to
ry
-c
on

fir
m
ed
 in
flu
en
za
 (
av
er
ag
e 
fr
om

 a
ll 
fa
ci
lit
ie
s)
: 1
3.
36

A
ve

ra
ge

 c
os

ts
 p

er
 y

ea
r 

(N
at

io
na

l l
ev

el
)

• 
La
bo

ra
to
ry
-c
on

fir
m
ed
 in
flu
en
za
: 8
.5
1 
m
ill
io
n

In
pa

tie
nt

s:
(In

pa
tie

nt
 c

os
ts

 in
cl

ud
ed

 r
ou

tin
e 

se
rv

ic
e 

co
st

s 
at

 t
he

 h
os

pi
ta

l a
nd

 a
nc

ill
ar

y 
co

st
s 

in
cl

ud
in

g 
ph

ar
m

ac
eu

tic
al

 p
ro

du
ct

s,
 la

bo
ra

to
ry

 in
ve

st
ig

at
io

ns
, a

nd
 t

he
ra

pe
ut

ic
 in

te
rv

en
tio

ns
)

N
o 

in
fo

rm
at

io
n 

re
ga

rd
in

g 
va

cc
in

at
io

n
A

ve
ra

ge
 c

os
ts

 p
er

 in
pa

tie
nt

 d
ay

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
pn
eu
m
on

ia
 a
t 
a 
di
st
ri
ct
 h
os
pi
ta
l: 
16
3.
11

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
pn
eu
m
on

ia
 a
t 
a 
pr
ov
in
ci
al
 h
os
pi
ta
l: 
16
7.
12

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
pn
eu
m
on

ia
 a
t 
ot
he
r 
pu
bl
ic
 h
os
pi
ta
ls
: 1
75
.4
0

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
pn
eu
m
on

ia
 a
t 
a 
pr
iv
at
e 
ho

sp
ita
l: 
23
0.
00

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
pn
eu
m
on

ia
 (
av
er
ag
e 
fr
om

 a
ll 
fa
ci
lit
ie
s)
: 1
83
.9
1

A
ve

ra
ge

 c
os

ts
 p

er
 y

ea
r 

(N
at

io
na

l l
ev

el
)

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
pn
eu
m
on

ia
: 5
.0
5 
to
 2
7.
52
 m
ill
io
n

(c
on

tin
ue

d)

Ta
bl

e 
1.

 (
co

nt
in

ue
d)



9

A
ut

ho
r

St
ud

y
Po

pu
la

tio
n

In
flu

en
za

 il
ln

es
s

C
os

t 
m

et
ho

do
lo

gy
C

os
ts

 p
er

 u
ni

t 
(in

 2
01

8 
U

S 
do

lla
r 

va
lu

e)
 b

y 
co

st
 t

yp
es

, v
ac

ci
na

tio
n 

st
at

us
, a

nd
 in

flu
en

za
 il

ln
es

s

D
ir

ec
t 

no
n-

m
ed

ic
al

 c
os

ts
:

(T
ra

ns
po

rt
at

io
n)

N
o 

in
fo

rm
at

io
n 

re
ga

rd
in

g 
va

cc
in

at
io

n
A

ve
ra

ge
 c

os
t 

pe
r 

vi
si

t
• 

La
bo

ra
to
ry
-c
on

fir
m
ed
 in
flu
en
za
 in
 o
ut
pa
tie

nt
s 
(a
ve
ra
ge
 fr
om

 a
ll 
fa
ci
lit
ie
s)
: 2
.1
1

A
ve

ra
ge

 c
os

t 
pe

r 
ad

m
is

si
on

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
pn
eu
m
on

ia
 in
 in
pa
tie

nt
s:
 1
2.
39

A
ve

ra
ge

 c
os

ts
 p

er
 y

ea
r 

(N
at

io
na

l l
ev

el
)

• 
La
bo

ra
to
ry
-c
on

fir
m
ed
 in
flu
en
za
 in
 o
ut
pa
tie

nt
s:
 1
.9
9 
m
ill
io
n

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
pn
eu
m
on

ia
 in
 in
pa
tie

nt
s:
 0
.1
3 
to
 0
.9
3 
m
ill
io
n

• 
La
bo

ra
to
ry
-c
on

fir
m
ed
 in
flu
en
za
 in
 o
ut
pa
tie

nt
s 
an
d 
in
flu
en
za
-a
ss
oc
ia
te
d 
pn
eu
m
on

ia
 in
 

in
pa

tie
nt

s:
 2

.1
3 

to
 2

.9
2 

m
ill

io
n

In
di

re
ct

 c
os

ts
:

(L
os

t 
w

ag
es

)
N

o 
in

fo
rm

at
io

n 
re

ga
rd

in
g 

va
cc

in
at

io
n

A
ve

ra
ge

 c
os

ts
 p

er
 y

ea
r 

(N
at

io
na

l l
ev

el
)

• 
La
bo

ra
to
ry
-c
on

fir
m
ed
 in
flu
en
za
 in
 o
ut
pa
tie

nt
s:
 1
4.
76
 t
o 
33
.1
0 
m
ill
io
n

• 
In
flu
en
za
-a
ss
oc
ia
te
d 
pn
eu
m
on

ia
 in
 in
pa
tie

nt
s:
 0
.6
6 
to
 1
1.
57
 m
ill
io
n

• 
La
bo

ra
to
ry
-c
on

fir
m
ed
 in
flu
en
za
 in
 o
ut
pa
tie

nt
s 
an
d 
in
flu
en
za
-a
ss
oc
ia
te
d 
pn
eu
m
on

ia
 in
 

in
pa

tie
nt

s:
 1

5.
42

 t
o 

44
.6

6 
m

ill
io

n
T

ot
al

 (
di

re
ct

 +
 in

di
re

ct
) 

co
st

s:
N

o 
in

fo
rm

at
io

n 
re

ga
rd

in
g 

va
cc

in
at

io
n

A
ve

ra
ge

 c
os

ts
 p

er
 y

ea
r 

(N
at

io
na

l l
ev

el
)

• 
La
bo

ra
to
ry
-c
on

fir
m
ed
 in
flu
en
za
 in
 o
ut
pa
tie

nt
s 
an
d 
in
flu
en
za
-a
ss
oc
ia
te
d 
pn
eu
m
on

ia
 in
 

in
pa

tie
nt

s:
 3

1.
11

 t
o 

83
.6

1 
m

ill
io

n
Sm

ith
 a

nd
 

K
eo

gh
-

Br
ow

n27

O
bj

ec
ti

ve
:

T
o 

es
tim

at
e 

th
e 

m
ac

ro
ec

on
om

ic
 

im
pa

ct
 o

f p
an

de
m

ic
 in

flu
en

za
S

tu
dy

 t
yp

e:
R

et
ro

sp
ec

tiv
e 
+

 M
od

el
in

g
S

et
ti

ng
:

C
ou

nt
ry

 (
T

ha
ila

nd
)

S
tu

dy
 fu

nd
in

g:
W

or
ld

 H
ea

lth
 O

rg
an

iz
at

io
n

T
ar

ge
t 

po
pu

la
ti

on
:

En
tir

e 
po

pu
la

tio
n

S
am

pl
e:

En
tir

e 
po

pu
la

tio
n

T
yp

e 
of

 in
flu

en
za

 
ill

ne
ss

:
In

flu
en

za
 A

 (
H

1N
1)

 
20

09
 p

an
de

m
ic

C
on

fir
m

at
io

n 
of

 
in

flu
en

za
:

Es
tim

at
es

 w
er

e 
fr

om
 

pu
bl

is
he

d 
so

ur
ce

s

C
os

ti
ng

 m
et

ho
ds

:
M

ac
ro

ec
on

om
ic

 s
tu

dy
 

us
in

g 
co

m
pu

ta
bl

e 
ge

ne
ra

l e
qu

ili
br

iu
m

 
m

od
el

S
ou

rc
es

 o
f c

os
t 

da
ta

:
Pu

bl
is

he
d 

da
ta

ba
se

s 
w

er
e 

us
ed

 a
s 

th
e 

in
pu

t 
an

d 
th

e 
ou

tp
ut

 e
st

im
at

es
 

w
er

e 
fr

om
 t

he
 m

od
el

C
os

t 
pe

rs
pe

ct
iv

e:
So

ci
et

y
O

ri
gi

na
l c

os
t 

ye
ar

:
20

04

D
ir

ec
t 

m
ed

ic
al

 c
os

ts
:

O
ut

pa
tie

nt
s: 

N
A

In
pa

tie
nt

s: 
N

A
D

ir
ec

t 
no

n-
m

ed
ic

al
 c

os
ts

: N
A

In
di

re
ct

 c
os

ts
: N

A
T

ot
al

 (
di

re
ct

 +
 in

di
re

ct
) 

co
st

s:
 N

A
A

 b
ri

ef
 r

es
ul

t 
is

 p
er

ce
nt

ag
e 

ch
an

ge
 in

 g
ro

ss
 d

om
es

ti
c 

pr
od

uc
ts

, s
ec

to
ri

al
 im

pa
ct

, 
ho

us
eh

ol
d 

co
ns

um
pt

io
n,

 a
nd

 im
po

rt
s 

an
d 

ex
po

rt
s 

at
 t

he
 n

at
io

na
l l

ev
el

 fo
r 

in
flu

en
za

 A
 (

H
1N

1)
 2

00
9 

pa
nd

em
ic

: <
1%

 c
ha

ng
e 

in
 g

ro
ss

 d
om

es
tic

 p
ro

du
ct

s;
 lo

st
 

pr
od

uc
tiv

ity
 d

ue
 t

o 
in

flu
en

za
 g

en
er

al
ly

 m
ad

e 
de

cl
in

es
 in

 h
ou

se
ho

ld
 c

on
su

m
pt

io
n 

an
d 

ex
po

rt
s 

fo
r 

al
m

os
t 

al
l s

ec
to

rs
 w

hi
le

 it
 r

es
ul

te
d 

in
 in

cr
ea

se
 in

 im
po

rt
s 

of
 p

ub
lic

 a
dm

in
is

tr
at

io
n 

an
d 

he
al

th
 g

oo
ds

.

(c
on

tin
ue

d)

Ta
bl

e 
1.

 (
co

nt
in

ue
d)



10

A
ut

ho
r

St
ud

y
Po

pu
la

tio
n

In
flu

en
za

 il
ln

es
s

C
os

t 
m

et
ho

do
lo

gy
C

os
ts

 p
er

 u
ni

t 
(in

 2
01

8 
U

S 
do

lla
r 

va
lu

e)
 b

y 
co

st
 t

yp
es

, v
ac

ci
na

tio
n 

st
at

us
, a

nd
 in

flu
en

za
 il

ln
es

s

M
ee

ya
i e

t 
al

28
O

bj
ec

ti
ve

:
T

o 
ev

al
ua

te
 t

he
 c

os
t-

ef
fe

ct
iv

en
es

s 
of

 in
flu

en
za

 
va

cc
in

at
io

n 
po

lic
ie

s
S

tu
dy

 t
yp

e:
R

et
ro

sp
ec

tiv
e

S
et

ti
ng

:
C

ou
nt

ry
 (

T
ha

ila
nd

)
S

tu
dy

 fu
nd

in
g:

W
or

ld
 H

ea
lth

 O
rg

an
iz

at
io

n

T
ar

ge
t 

po
pu

la
ti

on
:

In
di

vi
du

al
s 

ac
ro

ss
 v

ar
io

us
 

ag
e 

gr
ou

ps
S

am
pl

e:
Si

m
ul

at
io

n 
of

 in
di

vi
du

al
s 

in
to

 6
 a

ge
 g

ro
up

s:
 <

2,
 

2-
5,

 6
-1

1,
 1

2-
17

, 1
8-

59
, 

an
d 

60
 ye

ar
s 

an
d 

ol
de

r

T
yp

e 
of

 in
flu

en
za

 
ill

ne
ss

:
Se

as
on

al
 in

flu
en

za
 

(In
flu

en
za

 A
 a

nd
 B

)
C

on
fir

m
at

io
n 

of
 

in
flu

en
za

:
C

on
fir

m
at

io
n 

of
 

in
pa

tie
nt

 c
as

es
 b

y 
IC

D
 c

od
es

A
 r

ap
id

 t
es

t, 
ce

ll 
cu

ltu
re

, a
nd

 R
T

-P
C

R
 

fo
r 

ou
tp

at
ie

nt
s

C
os

ti
ng

 m
et

ho
ds

:
M

ic
ro

-c
os

tin
g

S
ou

rc
es

 o
f c

os
t 

da
ta

:
N

at
io

na
l h

os
pi

ta
l d

at
ab

as
e 

an
d 

lit
er

at
ur

e
C

os
t 

pe
rs

pe
ct

iv
e:

H
ea

lth
ca

re
 p

ro
vi

de
r

O
ri

gi
na

l c
os

t 
ye

ar
:

20
12

D
ir

ec
t 

m
ed

ic
al

 c
os

ts
:

O
ut

pa
tie

nt
s:

(C
os

t 
ite

m
s 

no
t 

sp
ec

ifi
ed

 in
 d

et
ai

l)
N

o 
in

fo
rm

at
io

n 
re

ga
rd

in
g 

va
cc

in
at

io
n

A
ve

ra
ge

 c
os

ts
 p

er
 e

pi
so

de
• 

Se
as
on

al
 in
flu
en
za
 c
as
es
 w
ith

 s
ym

pt
om

s 
w
ho

 d
id
 n
ot
 r
ec
ei
ve
 m

ed
ic
al
 c
ar
e 
fr
om

 a
 c
lin
ic
/

ho
sp

ita
l (

fr
om

 a
ll 

ag
es

): 
0.

11
to

 0
.8

6
• 

Se
as
on

al
 in
flu
en
za
 a
ge
d 
<

2 
ye

ar
s:

 9
6.

01
• 

Se
as
on

al
 in
flu
en
za
 a
ge
d 
2 
to
 5
 ye

ar
s:
 9
5.
43

• 
Se
as
on

al
 in
flu
en
za
 a
ge
d 
6 
to
 1
1 
ye
ar
s:
 9
4.
86

• 
Se
as
on

al
 in
flu
en
za
 a
ge
d 
12
 t
o 
17
 ye

ar
s:
 9
6.
01

• 
Se
as
on

al
 in
flu
en
za
 a
ge
d 
18
 t
o 
59
 ye

ar
s:
 7
1.
86

• 
Se
as
on

al
 in
flu
en
za
 a
ge
d 
60
 ye

ar
s 
or
 o
ld
er
: 7
1.
29

In
pa

tie
nt

s:
(C

os
t 

ite
m

s 
no

t 
sp

ec
ifi

ed
 in

 d
et

ai
l)

N
o 

in
fo

rm
at

io
n 

re
ga

rd
in

g 
va

cc
in

at
io

n
A

ve
ra

ge
 c

os
ts

 p
er

 e
pi

so
de

• 
Se
as
on

al
 in
flu
en
za
 a
ge
d 
<

2 
ye

ar
s:

 4
32

.3
2

• 
Se
as
on

al
 in
flu
en
za
 a
ge
d 
2 
to
 5
 ye

ar
s:
 4
19
.6
7

• 
Se
as
on

al
 in
flu
en
za
 a
ge
d 
6 
to
 1
1 
ye
ar
s:
 3
98
.9
8

• 
Se
as
on

al
 in
flu
en
za
 a
ge
d 
12
 t
o 
17
 ye

ar
s:
 3
24
.8
2

• 
Se
as
on

al
 in
flu
en
za
 a
ge
d 
18
 t
o 
59
 ye

ar
s:
 5
99
.6
1

• 
Se
as
on

al
 in
flu
en
za
 a
ge
d 
60
 ye

ar
s 
or
 o
ld
er
: 4
79
.4
6

D
ir

ec
t 

no
n-

m
ed

ic
al

 c
os

ts
: N

A
In

di
re

ct
 c

os
ts

: N
A

T
ot

al
 (

di
re

ct
 +

 in
di

re
ct

) 
co

st
s:

 N
A

R
T

-P
C

R
, R

ev
er

se
 t

ra
ns

cr
ip

tio
n-

po
ly

m
er

as
e 

ch
ai

n 
re

ac
tio

n;
 N

A
, N

ot
 a

va
ila

bl
e;

 A
R

I i
n 

K
itt

ik
ra

is
ak

 e
t 

al
24

 a
nd

 K
itt

ik
ra

is
ak

 e
t 

al
25

 w
as

 d
ef

in
ed

 a
s 

pr
es

en
ce

 o
f a

t 
le

as
t 

2 
of

 t
he

 fo
llo

w
in

g 
sy

m
pt

om
s:

 fe
ve

r,
 n

as
al

 d
is

ch
ar

ge
/c

on
ge

st
io

n,
 c

ou
gh

, 
or

 s
or

e 
th

ro
at

 w
ith

 o
ns

et
 d

ur
in

g 
th

e 
pr

ec
ed

in
g 

7 
da

ys
; C

O
PD

, C
hr

on
ic

 o
bs

tr
uc

tiv
e 

pu
lm

on
ar

y 
di

se
as

e;
 A

R
I, 

A
cu

te
 r

es
pi

ra
to

ry
 il

ln
es

s 
in

 W
on

gs
ur

ak
ia

t 
et

 a
l20

 w
as

 d
ef

in
ed

 a
s 

in
flu

en
za

-li
ke

 il
ln

es
s,

 a
cu

te
 e

xa
ce

rb
at

io
n 

of
 C

O
PD

 a
nd

 
pn

eu
m

on
ia

; M
ild

 a
ir

flo
w

 o
bs

tr
uc

tio
n 

C
O

PD
 in

 W
on

gs
ur

ak
ia

t 
et

 a
l,20

 C
hr

on
ic

 o
bs

tr
uc

tiv
e 

pu
lm

on
ar

y 
di

se
as

e 
w

ith
 fo

rc
ed

 e
xp

ir
at

or
y 

vo
lu

m
e 

in
 1

 s 
(F

EV
1)

 ≥
70

%
 o

f p
re

di
ct

ed
 v

al
ue

; M
od

er
at

e 
ai

rf
lo

w
 o

bs
tr

uc
tio

n 
C

O
PD

, C
O

PD
 w

ith
 

FE
V

1 
be

tw
ee

n 
50

%
 a

nd
 6

9%
 o

f p
re

di
ct

ed
 v

al
ue

; S
ev

er
e 

ai
rf

lo
w

 o
bs

tr
uc

tio
n 

C
O

PD
, C

O
PD

 w
ith

 F
EV

1 
<

50
%

 o
f p

re
di

ct
ed

 v
al

ue
; H

I, 
H

em
ag

gl
ut

in
at

io
n 

in
hi

bi
tio

n;
 IL

I, 
In

flu
en

za
 li

ke
 il

ln
es

s;
 A

C
S,

 A
cu

te
 c

or
on

ar
y 

sy
nd

ro
m

e;
 IC

D
-1

0,
 

T
he

 1
0t

h 
re

vi
si

on
, i

nt
er

na
tio

na
l c

la
ss

ifi
ca

tio
n 

of
 d

is
ea

se
s;

 IC
U

, I
nt

en
si

ve
 c

ar
e 

un
it.

 F
eb

ri
le

 r
es

pi
ra

to
ry

 il
ln

es
s 

in
 S

im
m

er
m

an
 e

t 
al

6  
w

as
 d

ef
in

ed
 a

s 
fe

ve
r 

gr
ea

te
r 

th
an

 3
8-

de
gr

ee
 C

el
si

us
 a

nd
 e

ith
er

 c
ou

gh
 o

r 
so

re
 t

hr
oa

t; 
O

ut
pa

tie
nt

 a
nd

 
in

pa
tie

nt
 c

os
ts

 in
 t

he
 s

am
e 

st
ud

ie
s6,

20
,2

8  
w

er
e 

es
tim

at
ed

 fr
om

 d
iff

er
en

t 
ca

se
s 

or
 e

pi
so

de
s.

Ta
bl

e 
1.

 (
co

nt
in

ue
d)



Kiertiburanakul et al 11

Indirect costs for inpatients were evaluated in 2 studies 
(Table 1) and they were found to be smaller compared with 
the direct medical costs for inpatients.6,26 The total costs for 
inpatients tended to depend on concurrent conditions and the 
severity of influenza as seen that children with high-risk 
incurred higher total costs than healthy children24 and severe 
cases had higher costs than mild cases.25

Costs of Illness at the National Level

At the national level, the estimate of overall influenza eco-
nomic burden incorporating cases of outpatients and inpa-
tients ranged between US$31.11 and US$83.61 million per 
year (direct medical costs ranged between US$13.56 and 
US$36.02 million, direct non-medical costs ranged between 
US$2.13 and US$2.92 million, and income loss ranged 
between US$15.42 and US$44.66 million). Indirect cost or 
cost of productivity loss was the major component (50%-
53% of the total cost) followed by the direct medical costs 
(43%-44%) and transportation (3%-7%).6

Screening costs at a hospital setting

Costs of screening for avian influenza (H5N1) in an 8-bed 
intensive care unit at a teaching hospital was estimated to be 
US$38 242.75 per year.22 This total cost was applied to 115 

adults screened and the isolation costs were the major contri-
bution of the total costs which was much higher than the diag-
nostic testing costs. The isolation costs included staff time and 
materials involving gowns, gloves, and surgical masks.

Macroeconomic Impact

The macroeconomic impact of the influenza H1N1 (2009) 
pandemic in Thailand has been demonstrated.27 Different 
scenario assumptions about clinical attack rates, case fatal-
ity rates, antivirals, vaccines, working days, and school clo-
sure were adopted in their model. Case fatality rates had 
more influence on change in economy compared with clini-
cal attack rates. Gross domestic product (GDP) losses across 
all scenarios were less than 1%. Aggregated economic sec-
tors which are capital-intensive such as mining and extrac-
tion had smaller losses due to the pandemic compared with 
labor-intensive sectors such as services or processed food. 
Regarding household consumption, the largest losses 
occurred in public administration and health (0.1-0.9%). 
This goes along with the biggest losses in exports in the 
public administration and the health sector (0.25-3%). The 
Thai imports in the public administration and health sector 
increased by approximately between 0.17% and 1.3% but 
most other sectors such as trade transport and communica-
tion decreased by between 0.02% and 0.5%.
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ILI in an average person in a rural province (Clague et al. 2006)

ARI in a non-vaccinated COPD patient (moderate) (Wongsurakiat et al. 2003)
ARI in a non-vaccinated COPD patient (severe) (Wongsurakiat et al. 2003)

ARI in a vaccinated COPD patient (moderate) (Wongsurakiat et al. 2003)
ARI in a non-vaccinated COPD patient (mild) (Wongsurakiat et al. 2003)

Influenza in an adult aged ≥ 60 years (Meeyai et al. 2015)
Influenza in an adult aged 18 to 59 years (Meeyai et al. 2015)

Influenza in a child aged 6 to 11 years (Meeyai et al. 2015)
Influenza in a child aged 2 to 5 years (Meeyai et al. 2015)

Influenza in a child aged 12 to 17 years (Meeyai et al. 2015)
Influenza in a child aged < 2 years (Meeyai et al. 2015)

ILI in non-vaccinated elderly aged  ≥ 60 years (Praditsuwan et al. 2005)
ILI in vaccinated elderly aged ≥ 60 years (Praditsuwan et al. 2005)

Outpatient costs per episode

Influenza B in a child aged 1 month to 18 years (Punpanich et al. 2014)
Influenza A in a child aged 1 month to 18 years (Punpanich et al. 2014)

ARI in a vaccinated COPD patient (mild) (Wongsurakiat et al. 2003)
Influenza in a child aged 12 to 17 years (Meeyai et al. 2015)

Influenza in a child aged 6 to 11 years (Meeyai et al. 2015)
Influenza in a child aged 2 to 5 years (Meeyai et al. 2015)

Influenza in a child aged < 2 years (Meeyai et al. 2015)
Influenza in an adult aged ≥ 60 years (Meeyai et al. 2015)

Influenza in an adult aged 18 to 59 years (Meeyai et al. 2015)
ARI in a vaccinated COPD patient (severe) (Wongsurakiat et al. 2003)

ARI in a non-vaccinated COPD patient (mild) (Wongsurakiat et al. 2003)
Pneumonia & ILI in an ACS patient aged ≥ 65 years (Sribhuthorn et al. 2018)

ARI in a non-vaccinated COPD patient (severe) (Wongsurakiat et al. 2003)
ARI in a non-vaccinated COPD patient (moderate) (Wongsurakiat et al. 2003)

Inpatient costs per episode

Costs in 2018 US dollar

Figure 2. Direct medical costs in 2018 US dollar value for outpatients and inpatients across influenza illnesses from different studies.
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Discussion

This systematic review summarized the costs of influenza 
illness classified by certain characteristics including popula-
tion’s demographics (ie, age), patients’ health conditions (eg, 
comorbidities or vaccination status), health care facilities 
(eg, outpatient and inpatient departments), and types of costs 
(ie, direct, indirect, and total costs) and its macroeconomic 
burden in Thailand. Influenza incurred a substantial burden 
on patients, the healthcare system as well as the society. At 
the individual level, inpatient costs were much higher than 
outpatient costs. When aggregating costs to the national level 
from patients infected with influenza who had no need for 
hospitalization and who needed hospitalization, their indirect 
costs due to lost productivity were the major part followed 
by the direct medical costs. In the view of a hospital setting, 
the largest cost component of avian influenza (H5N1) 
screening during its outbreak was costs related to isolating  
suspected cases. The high costs of influenza illness were 
likely to be associated with children especially under 2 years 
at outpatient settings, adults (18-59 years) and older adults 
(60 years and above) at inpatient settings, being in private or 
larger healthcare facilities, having concurrent conditions 
such as COPD and ACS, having complications such as  
pneumonia after being infected with influenza virus, non-
vaccination status, and severe influenza. The macroeco-
nomic analysis predicted that influenza H1N1 pandemic had 
most impact on labor-intensive sectors.

The national indirect cost estimates were found to be 
the largest cost component (ie, between US$15.42 and 
US$44.66 million contributing to 50-53% of the total cost) is 
similar to findings from the US where 71% of the overall 
cost burden were the indirect costs29 and other countries  
such as Norway, France, Germany, and Columbia.15,30 Some 
insights from this present review are the following. A small 
survey by Clague et al14 showed that the indirect cost per 
person during influenza illness was US$20 on average over a 
median period of 5 days.14 This was relatively high because 
it was around $4 daily compared with an average daily wage 
of US$10 in Thailand.31 Additionally, the same survey 
reported that 44% of Thai patients in a rural area took a per-
sonal loan for their medical expenses and 50% of them 
sought healthcare from more than one place.14

Hospitalization costs (ie, costs for inpatients) were the 
outstanding burden of influenza. The findings from this pres-
ent study showed that inpatient costs could be at least three 
times higher28 or more than 100 times20 than outpatient costs. 
This is consistent with other studies worldwide including the 
US, Germany, the UK, Finland, Italy, Spain, Argentina, 
Columbia, and China.30,32 Direct medical costs appeared to 
be the biggest part of hospitalization costs (68.8%-86.5%)6 
in this review, similar to the study in China revealing that 
direct medical costs were 69% of the costs for inpatients. 
Different from the previous studies where the costs from 
older adults were the highest,15,32 the hospitalization costs in 
this review were the highest in adults followed by older 

adults. Such result from this review may need further inves-
tigation because it was drawn from only 1 study.28

Three key areas to reduce economic burden of influenza 
can be prevention by vaccines, mechanisms to reduce spread 
of disease, and treatments. One of the most effective inter-
ventions to prevent influenza is vaccination because it 
reduces the overall incidence of influenza.33,34 Although the 
vaccination rate in Thailand has improved over the years, it 
is still low (around 30%) in young children.35 Therefore, 
there is room for improving vaccine coverage in Thailand.

Moreover, access to paid sick days or permission to 
employees to take time off from work during their sickness 
without losing their salaries was associated with the greater 
probability of staying home when they or their child/children 
are sick especially on minorities, women, and families.36 
This is likely to help reduce economic burden by limiting the 
spread of the disease and stopping lost income. Under the 
Thai law, employees can have paid sick leave up to 30 days.37 
This can be a great opportunity for patients to quarantine 
themselves and get recovery, or parents to provide care for 
their children.

Effective treatment for influenza also plays an important 
role in alleviating the economic burden of influenza. 
Treatment of influenza should follow evidence-based medi-
cine in a timely manner and limit the spread of the disease. 
Influenza treatment for uncomplicated individuals is usually 
based on specifically presented influenza symptoms (eg, 
antipyretics for fever).34 However, it is recommended that 
individuals with high-risk of severe influenza/complications 
and patients with severe clinical illness are treated with anti-
virals, and in some cases with corticosteroids for asthma and 
antibiotics for secondary bacterial infection.1,34 Early treat-
ment of antivirals within 48 h of symptoms onset in persons 
with complicated influenza could lower the probability of 
mortality by 52% compared with the late treatment.34 
Antiviral treatments reduced hospital length of stay and 
healthcare costs due to the lower risk of complications and 
severity.38 However, antiviral treatments pose some disad-
vantages such as side effects of nausea and vomiting.34 In 
addition, as influenza viruses are changing constantly, fur-
ther knowledge of drug resistance may be required when 
considering antiviral treatments.

There are some limitations of this review. First, under-
reporting of influenza cases or lost cases to follow-up6,14,21 is 
1 of the challenges in estimating economic burden. Future 
research should have a study period long enough to cover the 
season of influenza and to address fluctuations of seasonal 
influenza varied by the year-by-year incidence and severity. 
A minimum of 3 years of surveillance data is recommended 
to average out data from multiple influenza seasons. 
Additionally, next research may attempt to address patient 
behavior of non-seeking medical care and loss to follow-up 
issues possibly by performing primary data collection such 
as conducting a survey or an interview although this approach 
is time-consuming and costly.
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Second, it was impossible to combine the costs of influ-
enza across studies in a meta-analysis because of the hetero-
geneity of the included studies that possessed various 
objectives, populations, costing methods and cost categories. 
Due to the heterogeneity, comparing the costs across studies 
should be done with caution. Third, the costs of influenza 
presented may not provide the whole picture of the economic 
burden because most studies did not evaluate direct non-
medical costs, indirect costs, and other influenza-associated 
non-respiratory diseases. Other than direct costs which was 
often evaluated, productivity loss and national economy 
effects due to seasonal influenza may be next areas to 
explore. Furthermore, costs were not itemized. For example, 
the direct medical costs were reported as the lump sum of all 
items including diagnostics, medications, supplies, services, 
accommodation, and out-of-pocket payments. This prevents 
us from identifying which item is a major expense.

There are some knowledge gaps warranting further 
research. Rigorous costing methodology to evaluate eco-
nomic burden or costs of influenza is needed. Recent guide-
lines of how to evaluate economic burden10,17 will be useful 
to achieve consistency in the methodology. There are other 
specific high-risk groups such as pregnant women or indi-
viduals with immunosuppressive conditions that were not 
assessed in the previous research. Furthermore, research 
such as evaluating determinants affecting economic burden 
of influenza or ranking of interventions reducing the burden 
may help policy makers to better manage influenza. Not 
have done much, evaluation of broader economic burden 
can be informative to policy makers. Some of other eco-
nomic-burden-of-influenza topics are impact on specific 
economic sectors such as poultry industry during the avian 
flu outbreak or tourism during the influenza pandemic, med-
ical insurance policy and patient behavior as a response to 
an influenza outbreak, malnutrition or poverty as an impact 
of influenza outbreak, or foreign investment change due to 
influenza pandemic.15

Conclusion

This study provides a comprehensive review of the eco-
nomic burden of influenza in Thailand revealing the influ-
enza burden was substantial. The costs of influenza illness 
appeared to be very high among children under 2 years old 
and older adults with chronic conditions. Medical costs dur-
ing hospitalization and costs of lost productivity were the 
major economic burden of influenza in Thailand. Costs of a 
quarantine process were the most expensive for screening 
during an outbreak of influenza. The sectors of the economy 
involving with use of labors would be affected most by 
influenza. Strategies involving prevention, limit of trans-
mission, and treatment with the focus on young and old 
populations with co-morbidities, containment on hospital-
ization expenses and quarantine process, and assistance on 
labor-sensitive economy sectors will tend to reduce the eco-
nomic burden of influenza.
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