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Invasive pneumococcal disease (IPD) and pneumonia are the major causes of morbidity and deaths in children in the
world. The management of IPD and pneumonia is an important economic burden on healthcare systems and families.
The aim of this study was to assess the economic burden of IPD and pneumonia among younger children in Taiwan.
We used a cost-illness approach to identify the cost categories for analysis in this study according to various
perspectives. We obtained data of admission, outpatient, and emergency department visit data from the National
Health Insurance Research (NHIR) database for children <5 y of age between January 2008 and December 2008. A
prospective survey was administered to the families of patients to obtain detailed personal costs. All costs are
presented in US dollars and were estimated by extrapolating 2008 cost data to 2013 price levels. We estimated the
number of pneumococcal disease cases that were averted if the PCV-13 vaccine had been available in 2008. The total
annual social and hospital costs for IPD were US $4.3 million and US $926,000, respectively. The total annual social and
hospital costs for pneumonia were US $150 million and US $17 million, respectively. On average, families spent US $653
or US $218 when their child was diagnosed with IPD or pneumonia, respectively. This cost is approximately 27%–81%
of the monthly salary of an unskilled worker. In conclusion, a safe and effective pediatric pneumococcal vaccine is
needed to reduce the economic burden caused by pneumococcal infection.

Definitions

Invasive pneumococcal disease (IPD) was defined as an acute ill-
ness associated with the isolation of pneumococcus from a normally
sterile body site (e.g., blood, cerebrospinal fluid, synovial fluid, peri-
cardial fluid, pleural fluid, lung tissue, or peritoneal fluid).1

Pneumonia was defined as an acute illness with the presence of
new or progressive infiltrates on chest radiograph, plus at least 2
of the following symptoms: fever, cough, dyspnea, or pleuritic
chest pain. Blood culture-negative pneumonias were divided into
2 subgroups according to the chest radiograph results, the white
blood cell (WBC) counts, and the amount of C-reactive protein
(CRP) for the purpose of determining the relative likelihood that
S. pneumoniae was the causative organism. The pneumococcal

infection group presented lobar/focal (unilateral) consolidation
on chest radiographs and �15 £ 109 WBC/liter (with <60%
neutrophils) or �8 mg/l CRP. The possible pneumococcal infec-
tion group had either lobar/focal or unilateral consolidation on
chest radiograph and <15 £ 109 WBC/l (or �15 £ 109 WBC/
liter with <60% neutrophils) and �8 mg/l CRP or patchy or
widespread, bilateral consolidation on chest radiograph and �15
£ 109 WBC/l (with �60% neutrophils) or �8 mg/l CRP.2

Introduction

Streptococcus pneumoniae is an important cause of bacterial
pneumonia, meningitis, and sepsis in children in developed and
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developing countries.3-7 In 2000, approximately 14.5 million
cases of serious pneumococcal disease occurred. Cases with pneu-
mococcal infection were responsible for approximately 826,000
deaths in children 1–59 months of age, of which 91,000 deaths
occurred in HIV-positive children and 735,000 deaths (with esti-
mates ranging from 519,000–825,000) occurred in HIV-nega-
tive children. Of the deaths in HIV-negative children, over 61%
occurred in 10 African and Asian countries.2 Pneumococcal dis-
ease is associated with substantial morbidity and mortality. Fur-
thermore, it results in numerous hospitalizations, outpatients,
and antibiotic prescriptions and leads to productivity losses for
parents and other informal caregivers.8 The 7-valent pneumococ-
cal conjugate vaccine (PCV-7) was first approved in the United
States (US) in 2000 to prevent diseases due to Streptococcus pneu-
moniae in infants and young children. In 2007, the World
Health Organization (WHO) recommended incorporating the
vaccine into their own national childhood immunization pro-
grams.9 In 2009, 10-valent (PCV-10) and 13-valent (PCV-13)
pneumococcal conjugate vaccines with extended serotype cover-
age were also introduced. Since their introduction, the PCV-7
vaccine has been replaced by these newer vaccines gradually.10

The PCV-10 is a mixture of conjugates of 10 capsular polysac-
charides (CP) to the non-typable Haemophilus influenza carrier
protein, whereas the PCV-13 is a mixture of conjugates of each
of 13 CPs to the same carrier protein (CRM197) as that of PCV-
7. To encourage introduction of the PCV-10 or PCV-13 vaccine,
cost-effectiveness analysis has been conducted in many different
countries. In general, these studies have given the results that
vaccination with the PCV-10 or PCV-13 vaccine is cost-effective
or cost-saving compared with the PCV-7 vaccine in the preven-
tion of diseases with S. pneumonia infection.11–14 In Taiwan, the
PCV-7 vaccine was adopted in October 2005. The coverage rate
of PCV-7 vaccination for Taiwanese infants is considered to be
markedly low (approximately 10%) because vaccination costs
must be paid out of pocket.15

As more effective PCV vaccines become available, policy mak-
ers will need to concern regarding the relative cost-benefit rela-
tionship of vaccination while also considering the clinical
effectiveness of this prevention measure. Policy makers should
take account of the economic burden of disease, the impact of
vaccination on health and economic outcomes due to vaccination

and the net benefit of vaccination. The costs of vaccination must
be evaluated with respect to its health impacts.16 However, very
rare data on pneumococcal disease and its economic burden is
available to provide policy maker for making appropriate deci-
sions regarding the implementation of a vaccination program in
Taiwan. Therefore, we analyzed economic data on pneumococcal
infections in Taiwan to investigate the direct cost of healthcare
systems for pneumococcal infections and the indirect costs borne
by individual patients in Taiwan.

Results

During January 2008 and December 2008, a total of 29,991
children <5 y of age with IPD or pneumonia were included in
the study. Of these children, 15,389 (51%) were male and
14,602 (49%) were female. A total of 172 (0.6%) children were
diagnosed with IPD, of which 5 (29%) died. A total of 29,819
children were diagnosed with pneumonia, of which 15,335
(51%) were hospitalized, 14,299 (48%) received outpatient treat-
ment, and 185 died. We estimated the number of pneumococcal
disease cases that were averted if the PCV-13 vaccine had been
available in 2008. The incidence rates for IPD, hospitalized
pneumonia, and outpatient pneumonia were 19.5 cases/100,000
individuals, 17.4 cases/1,000 individuals, and 16.2 cases/1,000
individuals, respectively. The fatality rates for IPD and pneumo-
nia were 2.9 cases/100 individuals and 0.6 cases/100 individuals,
respectively. The estimated cumulative incidence of pneumococ-
cal infection was 3%. In other words, approximately 3 in 100
children were hospitalized or attended the OPD for pneumococ-
cal infections by their fifth year of life.

We calculated the costs according to the various types of dis-
ease, which included a group of only IPD cases (n D 172) and a
group of only pneumonia cases (n D 29,819). All costs are pre-
sented in US dollars and were estimated by extrapolating 2008
cost data to 2013 price levels. Table 2 shows the overall cost of
the 29,991 children with hospitalization. The total cost of medi-
cal care from January 2008 to December 2008 was estimated as
US $925,535 for children with only IPD and $16,958,301 for
children with only pneumonia. Furthermore, the indirect costs
were US $3,416,658 for children with only IPD and
$132,797,362 for children with only pneumonia.

A breakdown of the costs at the single patient level is showed
in Table 3. The costs of medical care per child from January
2008 to December 2008 were US $5,381 (1,156) for children
with only IPD and $568 (304) for children with only pneumo-
nia. Furthermore, the indirect costs were US $611,487
(128,716) for children with only IPD and $600,397 (78,616) for
children with only pneumonia. For patients with IPD, the mean
(SD) total social cost was US $616,868 (123,276), which was
derived from a mean (SD) total direct cost of US $5,381 (1,156)
and a mean (SD) total indirect cost of US $611,487 (128,716).
The mean (SD) total medical cost for patients with IPD was US
$5,381 (1,156), and the mean total cost paid by family was US
$653 (400). Therefore, up to 12% (US $653) of the costs for
medical care was the family expenditure. This value is

Table 1. Hospital and clinic healthcare costs per visit used to calculate the
social and private costs of pneumococcal infection in Taiwan

Cost variables
Paid by
NHISa

Paid by
family

General pediatric bed per day (4 patients per room) 15 (512) 0
General pediatric bed per day (2 patients per room) 15 (512) 55 (1,700)
Ward follow-up 10 (352) 0
General outpatient services 7 (250) 10 (310)

Note: Values are expressed in US dollars (New Taiwan dollars). One US dollar
equals 31.0 New Taiwan dollars; NHIS: National Health Insurance System.
aThe data were obtained from the National Health Insurance Bureau
(December 2013) and estimated by extrapolating the 2008 cost data to
2013 price levels.
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approximately 81% of the monthly salary (US $806) of an
unskilled worker. For patients with pneumonia, the mean (SD)
total social cost was US $600,965 (77,812), which was derived
from a mean (SD) total direct cost of US $568 (304) and a mean
(SD) total indirect cost of US $600,397 (78,616). The mean
(SD) total medical cost for patients with pneumonia was US
$568 (304), and the mean total cost paid by family was US $218
(134). Therefore, up to 38% (US $218) of the total costs for
medical care was the family expenditure. This value is approxi-
mately 27% of the monthly salary of an unskilled worker.

We estimated the number of pneumococcal disease cases that
were averted because of the PCV-13 vaccine. We estimated the
number of sp-pneumococcal disease cases in Taiwan with sero-
types that were covered by the PCV-13 vaccine. First, we
assumed the serotype contained in the vaccine was 80% (95% CI
59–90%).17,18 The next step, we multiplied the cases with PCV-
13 serotype coverage by the efficacy rate of the vaccine for pneu-
mococcal disease, which was assumed to be 80% for IPD, 33%
for pneumonia with hospitalization, and 9% for pneumonia
using the 4-dose schedule (3 dose primary before 6 months of
age plus a booster at 12 to 15 months of age).19,20 The estimated
number of pneumococcal disease cases that were prevented by
vaccination was equal to the serotype coverage rate multiplied by
the efficacy rate multiplied by the estimated number of cases
attributable to sp. Therefore, the estimated number of IPD cases
that were prevented by vaccination was 110 (0.8 £ 0.8 £ 172 D

110). Vaccination prevented approximately 4,048 (0.8 £ 0.33 £
15,335 D 4,048) pneumonia cases that would have required hos-
pitalization. In addition, vaccination prevented approximately
1,029 (0.8 £ 0.09 £ 14,299 D 1,029) pneumonia cases that
would have required outpatient treatment. There were 52 ([0.8
£ 0.8 £ 5] C [0.8 £ 0.33 £ 185] D 52) deaths from IPD and
pneumonia prevented by vaccination.

Discussion

Healthcare systems primarily reduce morbidity and premature
death due to pneumococcal diseases. Studies on the cost of these
illness can provide insight into the characteristics and item spend-
ing for specific diseases, leading to important strategies to reduce
the costs of therapy. In this study, we have extended our knowl-
edge of the pneumococcal disease burden in Taiwan by evaluat-
ing the cost of pneumococcal infections and by promoting the
application of a pneumococcal vaccine program. In Taiwan, the
burden of pneumococcal disease burden is considerable: approxi-
mately 30,000 cases (15,502 hospitalizations and 14,299 OPD
visits and 190 fatal cases) per year among children <5 y of
age.21,22 In parallel, the healthcare costs of pneumococcal diseases
are substantial. The total annual direct medical costs for admis-
sions with IPD and pneumonia, including direct medical costs
and direct non-medical costs (e.g., travel cost), were

Table 2. Total social and private costs of IPD and pneumococcal pneumonia
in Taiwan

IPD Pneumoniag Total

Cost variables (n D 172) (n D 29,819) (n D 29,991)

Direct costsa 925,535 16,958,301 17,883,836
Inpatient cost 799,112 9,169,345 9,968,457
Outpatient cost 18,060 1,520,769 1,538,829
Family cost paid to H/C 108,363 6,268,187 6,376,550
Indirect costs 3,416,658 132,797,362 136,214,020
Caregiver time costs 366,094 21,622,484 21,988,578
Total other family costsb 3,884 237,038 240,922
PMC 3,046,680 110,937,840 113,984,520
Total social costc 4,342,193 149,755,663 154,097,856
Total private costd 478,341 28,127,709 28,606,050
Total H/C coste 925,535 16,958,301 17,883,836
Total cost paid by familyf 112,247 6,505,225 6,617,472

Note: The data were estimated by extrapolating the 2008 cost data to 2013
price levels; Values indicate the total costs in US dollars; One US dollar
equals 31.0 New Taiwan dollars; IPD: invasive pneumococcal disease; H/C:
hospital/clinic; PMC: premature mortality cost.
aInpatient cost C outpatient cost C family cost paid to H/C.
bTotal costs of co-pay for other hospital/clinic paid by the family, travel
costs, and additional costs, such as nonprescription medications.
cTotal direct cost C total indirect cost.
dFamily cost paid to H/C C caregiver time costs C total other family cost C
premature mortality costs.
eTotal inpatient cost C total outpatient cost C total family H/C cost of
copayment.
fFamily H/C cost C total other family costs.
gThe data were estimated by extrapolating the representative sample (400)
cost data to 29,819 price levels.

Table 3. Mean social and private costs of IPD and pneumococcal pneumo-
nia in Taiwan

Cost variables IPD Pneumoniag

Direct costsa 5,381 (1,156) 568 (304)
Inpatient cost 4646 (1,053) 307 (51)
Outpatient cost 105 (57) 51 (3)
Family cost paid to H/C 630 (390) 210 (130)
Indirect costs 611,487 (128,716) 600,397 (78,616)
Caregiver time costs 2,128 (1,688) 725 (552)
Total other family costsb 23 (14) 8 (5)
PMC 609,336 (121,867) 599,664 (75,958)
Total social costc 616,868 (123,276) 600,965 (77,812)
Total private costd 612,117 (122,570) 600,607 (77,512)
Total H/C coste 5,381 (1,156) 568 (304)
Total cost paid by familyf 653 (400) 218 (134)
Length of stay, mean (SD), days 14.4 (3.3) 7.2 (3.5)

Note: The data were estimated by extrapolating the 2008 cost data to 2013
price levels; Values indicate the total mean (SD) in US dollars; One US dollar
equals 31.0 New Taiwan dollars; IPD: invasive pneumococcal disease; H/C:
hospital/clinic; PMC: premature mortality cost.
aInpatient cost C outpatient cost C family cost paid to H/C.
bTotal costs of copayment for other hospital/clinic paid by the family, travel
costs, and additional costs, such as nonprescription medications.
cTotal direct cost C total indirect cost.
dFamily cost paid to H/C C caregiver time costs C Total other family cost C
premature mortality costs.
eTotal inpatient cost C total outpatient cost C total family H/C cost of
copayment.
fFamily H/C cost C total other family costs.
gThe data were estimated by extrapolating the representative sample (400)
cost data to 29,819 price levels.
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approximately US $4.3 million (NT $133.3 million) and US
$149.8 million (NT $4.6 billion), which equates to approxi-
mately US $25,245/child and $5,021/child, respectively. The
healthcare costs of IPD and pneumonia represent 79.1% and
15.7%, respectively, of the gross national income in 2008
($31,900 per capita). In this study, we estimated the total social
costs, the total indirect costs, and the total costs paid by family,
which have not been estimated for cases of pneumococcal disease
previously. These cost estimates demonstrate that most costs
related to pneumococcal disease are indirect medical costs, which
mainly consist of the cost of productivity loss (time cost of the
caregivers and PMC).

In Taiwan, routine immunizations in children are funded by
the government through a system of public health centers. Very
few children receive their routine immunizations privately. The
rationale for this study from the H/C perspective was that a sub-
stantial cost to the H/C, and therefore to the Taiwan govern-
ment, would persuade the government to adopt a pneumococcal
vaccine into the routine immunization schedule for children. In
addition, we documented the extra expenditures incurred by the
families of children with pneumococcal infections and who used
the highly subsidized NHI system (i.e., the total cost paid by
family). Our study demonstrate that the families incurred total
costs of US $653 or US $218 when their child was diagnosed
with IPD or pneumonia, respectively. The monthly salary for
unskilled workers in Taiwan is US $806 (NT $25,000); there-
fore, IPD or pneumonia with hospitalization resulted in costs
equivalent to approximately 80% and 30% of their monthly sal-
ary, respectively. However, this study only assessed the costs of
IPD and pneumonia cases that required hospital admission or
physician visits, and the costs associated with cases in children
who were cared for in the home or who remained undiagnosed
were not included.

Socioeconomic studies have several limitations, and caution
must be exercised in interpreting these results. The cost per unit
of service and the value of resources used in the treatment of
pneumococcal disease may be difficult to accurately quantify.
Information regarding all major direct expenditures and indirect
costs are required for calculating the cost of an illness. Only costs
for hospitalized patients, outpatient care and mortality were esti-
mated in this study. Costs from the sequelae of meningitis and
encephalitis were not included in the study. In addition, although
otitis media is one of the important pneumococcal disease, it was
not included in the study due to their diagnosis was unspecific to
pneumococal infection. The absence of such data was a weakness
of the current study. These data may represent a conservative esti-
mate of the overall costs. To the best of our knowledge, this study
is the first to evaluate the economic burden of childhood pneu-
mococcal disease in Taiwan.

The findings of this study extend the results of previous
research on the economic burden of pneumococcal infection.
Several cost-of-illness studies have been conducted in other coun-
tries; 13,23-25 however, direct comparisons between these studies
and the present study are difficult. The estimated burden of IPD
(19.5 cases/100,000 individuals) and hospitalized pneumonia
(17.4 cases/1,000 individuals) in this study is similar to reported

rates in Hong Kong (23.7 cases/100,000 individuals and 931.6
cases/100,000 individuals, respectively)26 and Japan (11.7 cases/
100,000 individuals and 17.6 cases/1,000 individuals, respec-
tively).27 A comparison between the present study in Taiwan and
studies in Japan may be feasible because of them have similar
socioeconomic environments and approaches to healthcare deliv-
ery in these countries.23,24 In this study, the estimated costs,
including direct and indirect costs, were derived from data on the
disease burden of pneumococcal infection with hospitalization
according to detailed cost data. The annual direct costs associated
with pneumococcal infection were estimated to be US
$42.1 million for hospitals based on a birth cohort of 480,000
new born babies and assumed rates of 19.6 cases and 1,854.2
cases per 100,000 general pediatric hospitalizations related to
IPD and pneumonia, respectively.24 For a cohort with popula-
tion of 220,000 new born babies, the equivalent admission costs
were approximately US $15.1 million. Our hospital costs (US
$9.9 million) were much lower than the estimates of admission
costs in Japan. The main reason is due to the differences in the
estimates of direct cost. In children with pneumococcal infec-
tion-associated illnesses, hospitalizations accounted for the most
costs to the healthcare system; therefore, it will be important to
evaluate the effect of a pneumococcal vaccine on the admission
rate when more data become available.

The implementation of a national pneumococcal vaccination
program for children in Taiwan would prevent approximately
64% (110/172) of IPD, 17% (5,077/29,819) of pneumonia, and
27% (52/190) of deaths due to pneumococcal infection. Pneu-
mococcal infection imposes a significant economic burden in
Taiwan. The adoption of a safe and effective PCV vaccine may
not prevent all cases with pneumococcal infection; however, a
vaccine would be expected to result in significant cost savings for
both the society and families.

Methods

Data on the disease burden
The Taiwanese government implemented a mandatory

national health insurance program in 1995. By 1999, approxi-
mately 96% of the population in Taiwan was covered by the pro-
gram.28 The program provides comprehensive coverage. It covers
admission care, ambulatory care, laboratory tests, prescription
drugs and certain nonprescription drugs, dental services, tradi-
tional Chinese medicine, and certain preventative services. A co-
payment is required for ambulatory care, inpatient care, and
pharmaceuticals. No co-payment is required for low-income
households and veterans or for services associated with cata-
strophic diseases, childbirth, or preventative healthcare. In addi-
tion, medical services in specific mountain areas or on offshore
islands are exempt from co-payments. To obtain a national esti-
mate of the mean number of invasive pneumococcal disease
(IPD) and pneumonia cases that required care, we collected the
data for children less than 5 y of age from the Taiwan National
Health Insurance Research (NHIR) database between January
2008 and December 2008.
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The eligible study population was selected from NHIR data-
base in 2008 according to the International Classification of Dis-
ease, Ninth Revision, and Clinical Modification (ICD-9-CM)
diagnosis (ICD-9 CM easy coder 2002). Classifications for major
pneumococcal disease include pneumococcal meningitis (ICD-9-
CM code, 320.1), streptococcal meningitis (ICD-9-CM code,
320.2), streptococcal septicemia (ICD-9-CM code, 038.0),
pneumococcal septicemia (ICD-9-CM code, 038.2), unspecified
septicemia (038.9), bacteremia (ICD-9-CM code, 790.7), and
pneumonia (ICD-9-CM codes, 481–486). All pneumococcal
disease events were considered discrete cases, even when patients
were treated for a pneumococcal infection on more than one
occasion. The sum of the cases of pneumococcal septicemia
(code 038.2) and pneumococcal meningitis (code 320.1) was
used to estimate the rates of IPD. Although otitis media is one of
the important pneumococcal disease, it was not included in the
study due to their diagnosis was unspecific to pneumococal
infection.

Population figures from the 2008 census by the Statistics
Department, Interior Ministry, Taiwan were used in all of the
calculations. The number of children younger than 5 y of age
was 880,000. Age was defined as the number of complete years
since birth.

Because discharge coding is known to be imprecise,29 data
from the Notifiable Diseases Surveillance System (NNDSS) were
used to assess the sensitivity of the coding data as a surrogate for
IPD and to obtain the proportion of radiological pneumonia
diagnosed under code 486, which indicates unspecific pneumo-
nia. Since 1990, the National Notifiable Diseases Surveillance
System (NNDSS) has been developed in Taiwan described in
the literature previously.30 In 2007, the reporting system for
invasive pneumococcal disease (IPD) was established. Physicians
are required by law to report all cases of IPD to the Taiwan
CDC within one week of case identification using Taiwan CDC-
developed software.31–33 After these reports are received by the
CDC, a public health workers is assigned to verify the diagnosis,
collect patient information, and traced the contacts. We cross-
checked these data on IPD with those in the NHIR database to
confirm the reporting accuracy. All cases with IPD had been
reported to both Taiwan CDC and NHI program. The reporting
accuracy was 100%.

Institutional Review Board approval for this study was
obtained from of National Cheng Kung University Hospital.

Data on cost
Cost and wages published before 2008 were updated accord-

ing to the consumer price index.34 Future disease costs and IPD
and pneumonia cases were modeled to decrease at an annual dis-
count rate of 3%. The medical costs of IPD and pneumonia cases
over a 5-year period were calculated according to the age-specific
incidence estimates for each outcome. Pneumonia mortality and
the productivity costs of IPD were estimated using the average
life expectancy of a child younger than 5 y of age. All of the costs
were estimated by extrapolating the 2008 US dollars to 2013
price levels. The monetary value in New Taiwan dollars (NT$)

was converted into United States dollars (US$) based on the aver-
age exchange rate in 2013 (1 US$ D 31.0 NT$).

We obtained hospitalization, outpatient, and emergency
department visit data from the National Health Insurance
Research (NHIR) database from 2008. The NHIR database con-
tains every medical claim record (inpatient and outpatient care)
for patients, including the patient ID number, gender, birth
date, date of visit, and length of hospital stay (LOS). The direct
medical costs for patients were collected from the NHRI data-
base. The NHIR database contains records of every medical
claim (inpatient and outpatient care).

Indirect costs were collected from all cases of IPD and a repre-
sentative sample of cases with pneumonia. Taiwan was divided
into 4 regions including Northern, Central, Southern and East-
ern region. In 2008, 100 patients in NHIR data bank were ran-
domly selected in each region as the patient sample. The
inclusion criteria were the patient who aged <5 y of age and
diagnosed with pneumonia in 2008. Informed consent was
obtained from participating families. Information of demo-
graphic characteristics, clinical picture, and costs related to pneu-
mococcal infection was collected by a case report form designed
by authors. Information on the costs associated with each IPD or
pneumonia episode in each child was completed by the families,
and the families were to fill the form and return within 7 d of
study recruitment. The public health worker demonstrated how
to complete the case report form, which included all of the costs
relevant to the illness episode, extra travel costs; the other addi-
tional costs (e.g., food supplements or nonprescription drugs);
time off work due to the illness; and the salary lost was estimated
by hour, day, week, or month and the length of stay (LOS) in
hospital; visits to other hospitals or clinics. The indirect costs
were estimated by extrapolating the sample cost data to study
population price levels.

Data analysis
The cost analysis incorporated both monetary and time costs

when applicable. Pneumococcal infection-related costs include
direct expenditures for medical care and medical costs.35 In direct
expenditures for medical care included costs and charges (as
proxy for cost) for hospitalization, outpatient services and medi-
cation. Information on drugs that were not directly related to
pneumococcal infection (e.g., treatment for fungus infection)
was difficult to obtain and was therefore not considered. Indirect
costs included the cost of time lost from work by caretakers due
to the illness of pneumococcal infections.

The premature mortality cost (PMC) was calculated as fol-
lows: the human capital approach equates productivity lost to the
wage rate of an individual and is based on the assumption that an
individual produces a stream of output over a working lifetime,
which is cut short by premature death. Years of potential produc-
tive life lost (YPLL) were calculated by multiplying the number
of pneumococcal infection-specific deaths for a given age group
(<1, 1–2, 3–4 y) by the expected productive life years that
remained at the mid-point for each age group. Expected produc-
tive life years were derived from a standard modeled life table
with a retirement age of 65.36,37 On average, the monthly salary
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for unskilled workers in Taiwan was US $806 (NT $25,000) in
2008.

Figure 1 presents the flow chart of estimated costs. The costs
were estimated social costs (total direct costs C total indirect
costs) and private costs (total indirect costs C total costs paid by
family). The individual cost was calculated as followings:

1. Total direct costs included total hospital/clinic (H/C) costs
and total costs paid by family:
1.1 Total H/C costs D hospitalization costs C outpatient

costs C ward visit costs in hospitalization.
1.1.1 Hospitalization costs D (total LOS [days]) £ (cost of

bed/day), where hospital calculates bed costs using full-
cost estimates (Table 1). Costs of medications and
diagnostic tests, were included in the per diem cost.

1.1.2 Costs of outpatient cost D (number of outpatient
department (OPD) visits £ official fee /OPD visit) C
(number of Accident & Emergency [A&E] visits £
official fee/A&E visit). The OPD cost included all vis-
its related to the same episode of pneumococcal disease
that required hospitalization.

1.1.3 Costs of ward visit in hospitalization D (number of
ward visits) £ (official fee/ward visit).

2. The total costs paid by family included all co-payments made
by the family to the hospitals or clinics (family H/C costs) and
the total other family costs. This parameter was estimated as
followings:
2.1 Family H/C costs D (total LOS [days]) £ (official fee of

co-pay for a bed/day paid by the family) C (number of
ward visits) £ (official fee of co-pay per ward visit paid
by the family) C (number of OPD visits £ official fee of
co-pay per OPD visit paid by the family) C (number of
A&E visits £ official fee of co-payment per A&E visit
paid by the family).

2.2 Total other family costs D family
“other hospital or clinic” cost C
family travel costs C family “other
associated with pneumococcal ill-
ness” costs.

2.2.1 Family “other H/C” costs D
actual cost of co-payment for
any other H/C costs including
consultation fees and
medications.

2.2.2 Family travel costs D cost of bus
fare, taxi, or mileage to visit H/
C related to pneumococcal ill-
ness of child.

2.2.3 Family other costs associated
with child’s pneumococcal dis-
ease D costs for extra nutrient
supplements and nonprescrip-
tion drugs C costs for addi-
tional day care C costs for
miscellaneous items.

3. Total indirect costs were estimated as the parent’s time cost C
other caretaker’s time cost, where parent’s time cost D (hours/
days off work) (parent’s estimated hour/day salary), and other
caretaker’s time cost D (hours/days off work) (other’s esti-
mated hour/day salary).

Statistical analysis
The cost data are presented as the total and mean (SD). The

costs were classified as the following types of disease: only IPD
cases, only pneumonia cases, and total cases. All costs are pre-
sented in US dollars and were estimated by extrapolating 2008
cost data to 2013 price levels. We estimated the number of pneu-
mococcal disease cases that were averted if the PCV-13 vaccine
had been available in 2008.
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