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Abstract

to be appropriate.

Background: Streptococcus pneumoniae causes a broad spectrum of illnesses ranging from mild upper respiratory
tract infections to invasive pneumococcal disease (IPD). Quantitative data on the burden of pneumococcal disease,
important for the establishment of appropriate vaccination strategies, is currently lacking in adults.

Methods: This multicenter, retrospective cohort study was designed to estimate the clinical and economic burden
of IPD in adults over the last decade. Data were collected from patients with IPD at 10 university hospitals in South
Korea. We estimated the proportion of IPD among all hospitalized patients, the case fatality rate, and the direct
medical costs of IPD. Data were further analyzed according to age and risk groups.

Results: During the study period, 970 patients with IPD were identified. The mean age for all patients was 60.9
years; patients aged 50-64 years (33.0%) were most numerous, followed by those aged 65-74 years (27.4%). Overall,
the proportion of IPD was 0.36 cases/1000 hospitalized patients and the case fatality rate was 30.9%, which
increased significantly with age (p < 0.01). The mean direct medical costs were estimated to be US $7,452 without
a difference between age and risk groups. On multivariate analysis, old age, advanced ECOG performance status,
bacteremic pneumonia, and nosocomial infection were independent risk factors of 30-day case fatality.

Conclusions: The clinical disease burden of IPD increased significantly with age and direct medical costs from IPD
were substantial, regardless of age and co-morbid conditions. The current age-based vaccination strategy appears
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Background

Streptococcus pneumoniae causes a broad spectrum of
illnesses ranging from mild upper respiratory tract infec-
tion to severe invasive disease. Of all the manifestations,
invasive pneumococcal disease (IPD) is associated with a
particularly high case fatality rate and economic cost. Al-
though the incidence of IPDs has decreased in recent
years with the introduction of the 7-valent pneumo-
coccal conjugate vaccine (PCV7), the WHO has estima-
ted that 1.6 million deaths are caused by pneumococci
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annually [1]; this estimate included the deaths of 0.7-1
million children aged less than 5 years, accounting for
about 11% of all deaths in children aged 1-59 months
[2]. In the United States, IPD was responsible for 22,000
deaths, 4 million disease episodes, and direct medical
care costs of $3.5 billion in 2004 [3]. In this study, most
of the deaths and medical costs were found to be associ-
ated with adult patients despite their accounting for only
half of the disease episodes [3]. In adults, data on dis-
ease burden need to be further investigated with res-
pect to age, underlying comorbidities, and performance
status. These data could be useful in revising vaccination
strategies.

Currently, both the 23-valent pneumococcal polysac-
charide vaccine (PPV23) and PCV13 have been used for
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vaccination of adults. PPV23 is recommended for all
adults aged >65 years and for adults at high risk who are
aged 19-64 years [4]. A one-time revaccination dose of
PPV23 is recommended 5 years after the first dose for
asplenic or immunocompromised persons. In addition
to PPV23, PCV13 was licensed for the prevention of
IPD and pneumonia in adults aged >50 years [4]. PCV13
has been licensed for use in adults solely on the basis of
immunogenicity data, and a clinical trial is underway to
evaluate the efficacy of PCV13 against pneumococcal
pneumonia in adults.

Despite the wide availability of pneumococcal vaccines,
vaccination rates around the world remain suboptimal in
adults (less than 50% even in high-risk groups) [5-7].
Among South Korean children, the PCV7 coverage rate
increased up to 72% in 2009 [8], while the uptake rate in
high-risk adults was very low (0.6%), according to a na-
tionwide survey in South Korea [9]. Insufficient data on
the burden of pneumococcal disease might be a barrier
to increased immunization rates among the South
Korean adults.

This study was designed to estimate the proportion of
IPD among all hospitalized patients, the case fatality
rate, and the direct medical costs associated with IPD in
South Korean adults over the last decade. In order to
better clarify IPD disease burden in adults, data were
analyzed by age and risk group.

Methods

Study design and subjects

This retrospective cohort study included all patients with
IPD at 10 university hospitals in South Korea between
January 1, 2001 and September 30, 2011. To obtain data
representative of the entire nation, participating hospitals
were selected on the basis of geographic location and
population served. We included hospitals only if all data
were available regarding direct medical costs. All IPD
cases among Korean adults aged >18 years were included.
Available data were stratified according to age and risk
group and analyzed to determine the proportion of IPD
(cases/1000 hospitalized patients), distribution of primary
infection sites, case fatality rate, length of hospital stay,
and direct medical costs. Total annual hospital admissions
were obtained from an electronic database system. We
also aimed to evaluate the change in the proportion of pa-
tients with IPD and the case fatality rate after introduction
of the PCV7 vaccine during the study period.

All cases that met the IPD definition were selected
from microbiological databases. The patients’ medical re-
cords were reviewed to determine age, sex, comorbidities,
Eastern Cooperative Oncology Group (ECOG) perform-
ance status, date of admission, primary site of infection,
intensive care unit (ICU) admission, duration of hospi-
talization, and 30-day case fatality. The case fatality rate
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was estimated among patients whose survival or death
was recorded. Direct medical costs were captured from in-
formation on resource use contained in the medical re-
cords (consultations, prescriptions, and procedures). This
research was performed with approval from the institu-
tional review boards of the selected 10 university hospitals.
Written consent was waived by the institutional review
board, because of the retrospective nature of the study and
because patients' private information was not included.

Definitions

IPD was defined as the isolation of S. pneumoniae from
a normally sterile site, such as blood, cerebrospinal fluid
(CSF), and pleural or ascites fluid. Each patient was clas-
sified into one of three groups based on underlying
medical conditions: high-risk (those advised to receive
PPV23 vaccination every five years), moderate-risk
(those requiring a single dose vaccination in their life),
and low-risk (those who are not recommended to re-
ceive pneumococcal vaccination). High risk was defined
by the presence of one or more of the following: (1)
splenic dysfunction including post-splenectomy status,
(2) hematologic malignancy such as multiple myeloma,
leukemia, or lymphoma, (3) a condition affecting the
bone marrow or lymphatic system, such as chemother-
apy with alkylating drugs or antimetabolites, or radiation
within the previous 3 months, (4) solid organ or stem
cell transplantation, (5) chronic renal disease such as
nephrotic syndrome or chronic renal failure, (6) HIV in-
fection, (7) high-dose corticosteroid use (>20 mg/day of
prednisone or equivalent) lasting two or more weeks, or
(8) treatment with a recombinant human immunomodu-
lator, such as rituximab, adalimumab, or infliximab.
Moderate risk was defined by one or more of the follow-
ing: (1) diabetes mellitus, (2) chronic liver disease, (3)
chronic pulmonary disease, such as asthma or chronic
obstructive lung disease, (4) chronic cardiovascular dis-
ease, such as heart failure, cardiomyopathy, or other
chronic condition affecting cardiac function, (5) current
smoking, or (6) heavy alcohol use, which was defined as
alcohol use for more than 5 days a week or having a
diagnosis of alcoholism. Low risk was assigned to condi-
tions that did not satisfy criteria for high or moderate
risk. IPD was defined as a nosocomial infection if the
first positive culture was obtained more than 48 hours
after hospital admission or if the patient had been hospi-
talized for more than 2 of 7 days before the first positive
culture. Recurrent infection in a patient was defined as
two or more IPD episodes within a 12-month period.

Calculation of direct medical costs for invasive
pneumococcal disease

The direct medical costs of IPD were extracted from
the hospital financial database, which included both
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outpatient and inpatient costs: hospitalization expen-
ditures, nursing, IPD-related prescription drugs, examin-
ation fees, etc. These were inflated to reflect 2011 prices.
To capture direct medical costs only, we used the follow-
ing approach. To estimate hospitalization costs, we ex-
cluded from the calculation (1) nosocomial IPD cases that
occurred during hospitalization at the 10 study hospitals,
and (2) costs from day 1 of the onset of comorbidity to
the last day of hospitalization (if any comorbidity devel-
oped during the entire hospitalization period). Infectious
disease specialists in each hospital reviewed all the medical
records to find new comorbidities that required surgical/
medical treatment unrelated to IPD. With respect to
outpatient visits, we included outpatient costs for me-
dications and procedures that were IPD-related. The es-
timated costs of disease were calculated in Korean won
(KRW) and converted into US dollars at a rate of
KRW1200=US$1.

Antibiotic susceptibility test

Antibiotic susceptibility was tested in accordance with
Clinical Laboratory Standards (CLSI) guidelines at each
hospital [10]. Cases with available minimal inhibitory
concentration (MIC) results were included in the analysis
of antibiotic susceptibility. Interpretive breakpoints for
penicillin (non-meningitis S. pneumoniae isolates), <2 g/
mL (susceptible), 4 pg/mL (intermediate), and >8 pg/mL
(resistant); and for erythromycin, <0.25 pg/mL (suscep-
tible), 0.25<MIC<1 pg/mL (intermediate), and > 1 pug/mL
(resistant).

Statistical analysis

We performed descriptive analyses and comparisons to
examine demographics, clinical characteristics, and IPD
disease burden based on age and risk group. Data were
expressed as the mean + standard deviation and were
analyzed using SPSS version 10.0 (SPSS Inc., Chicago,
IL, USA). Chi-square tests were carried out to compare
categorical variables. For continuous variables, either stu-
dent's t-test or one-way analysis of variance (ANOVA)
was performed with Tukey’s method for multiple compari-
sons. A p-value < 0.05 was considered statistically signi-
ficant. Using a logistic regression model, multivariate
analysis was carried out to identify independent risk fac-
tors for 30-day case fatality.

Results

Demographic and clinical characteristics of invasive
pneumococcal disease

Nine hundred seventy patients with IPD were identified
during the study period, including 264 (27.2%) at high
risk, 423 (43.6%) at moderate risk, and 283 (29.2%) at
low risk. The mean age of patients was 60.9 years. Pa-
tients aged 50—64 years were most numerous (33.0%),
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followed by those aged 65-74 years (27.4%), 18—49 years
(22.2%), and 75 years and older (17.4%). The demo-
graphic and clinical characteristics of patients with IPD
are presented in Table 1. The age groups differed signifi-
cantly in gender ratio, alcohol use, smoking, ECOG per-
formance status, risk group distribution, and underlying
conditions. Male sex, heavy alcohol use, and current
smoking were common in the group aged 18-49 and in
the group aged 50—64 years, while the proportion with
ECOG performance status grade 4 increased with age.
Patients at high and moderate risk were most numerous
in the group aged 50-64 years. Chronic pulmonary,
cardiovascular, cerebrovascular, and neurodegenerative
diseases, and conditions such as multiple myeloma in-
creased in prevalence with age. The proportion of pa-
tients with diabetes mellitus increased significantly by
age 50 (p < 0.01), while chronic liver disease was more
common in the younger age groups (18-49 years and
50-64 years, p < 0.01). Patients receiving chemotherapy
were predominantly in the two groups aged 50-64 and
65—74 years (p < 0.01).

In assessing clinical presentation according to age,
bacteremic pneumonia and empyema were more com-
mon in adults 65 years of age and older than in younger
adults, while meningitis and peritonitis were more com-
mon in the younger groups (p < 0.01) (Table 1). Patients
were hospitalized after a mean of 3.5 days from symp-
tom onset. Recurrent infection was rare (0.8%) irrespec-
tive of age group.

The proportion of IPD acquired at either a long-term
care facility or tertiary referral hospital increased signifi-
cantly with increasing patient age (p < 0.01). Overall,
18.1% of the infections were nosocomial, increasing to
19.2% in subjects aged 65-74 years, and to 27.2% in sub-
jects aged 75 years and older.

Disease burden of invasive pneumococcal disease
Overall, the proportion of hospitalized patients with IPD
was 0.36 cases/1000 hospitalized, and the case fatality
rate was 30.9%, which increased significantly with age
(p < 0.01) (Table 1). However, the direct medical costs
per case of IPD did not differ between age groups (mean
cost US $7,452/case; p = 0.11) (Table 1).

Table 2 shows the clinical and economic burden asso-
ciated with invasive pneumococcal disease. Stratification
according to risk group revealed no significant differ-
ences in the duration of hospitalization (22.0 days vs.
17.8 days vs. 19.0 days, p = 0.47), case fatality rate
(35.3% vs. 27.7% vs. 31.5%, p = 0.28), and direct medical
cost per case (mean, US$ 7,667 vs. US$ 7,037 vs. US$
7,903; p = 0.58) among the three risk groups (high risk
vs. moderate risk vs. low risk). However, both the rate of
admission and the duration of stay in the intensive care
unit (ICU) were higher in the low- and moderate-risk
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Table 1 Baseline patient characteristics and disease burden of invasive pneumococcal disease, stratified by age group

Total 18-49 Years 50-64 Years 65-74 Years >75 Years p-value
(n =970) (n=215) (n = 320) (n = 266) (n=169)
Age, mean£SD 60.9£15.0 388+79 58.2+4.1 69.3+2.7 81.0+44 <001
Risk group, no. (%) <001
High risk 264 (27.2) 38 (17.7) 112 (35.0) 86 (32.3) 28 (16.6)
Moderate risk 423 (436) 91 (423) 147 (45.9) 108 (40.6) 77 (45.5)
Low risk 283 (29.2) 86 (40.0) 61 (19.1) 72 (27.1) 64 (37.9)
Sex (male), no. (%) 673 (694) 139 (64.7)° 237 (74.1)° 191 (71.8)° 106 (62.7)° 0.02
ECOG performance status grade 4, no. (%) 89 (9.2) 10 (4.7) 19 (5.9) 27 (10.2)° 33 (19.5)° < 001
Heavy alcoholic, no. (%)* 99 (10.2) 32 (149)° 46 (14.4)° 14 (5.3)° 7 4P <001
Current smoker, no. (%) 171 (17.6) 46 (21.4)° 60 (18.8)° 48 (18.0)° 17 (10.1)° 0.03
Comorbid condition, no. (%) 630 (64.9) 95 (44.2) 235 (734)° 188 (70.7)° 112 (66.3)° <001
Splenic dysfunction 8 (0.8) 4 (1.9 1(0.3) 3(1.1) 0 (0) 0.14
Multiple myeloma 38 (3.9) 2 (09? 23 (72)P 10 (3.8)° 3 (18 <001
Other hematologic malignancy 26 (2.7) 7 (337 8 (2.5)° 8 (3.0)° 30187 081
Chemotherapy 163 (16.8) 18 (8.4) 74 (23.1) 55 (20.7) 16 (9.5) <001
Solid organ/stem cell transplantation 6 (0.6) 3(14) 2 (0.6) 0 (0) 1 (0.6) 0.29
Long-term steroid therapy 11 (1.1) 4(1.9) 3(0.9) 2 (0.8) 2(1.2) 0.69
Chronic renal failure 54 (5.6) 9 4.2) 20 (6.3) 17 (6.4) 8 (4.7) 0.65
Nephrotic syndrome 2(0.2) 1(0.5) 1(0.3) 0 (0) 0 (0) 062
HIV infection 1(0.1) 0(0) 0(0) 1(04) 0(0) 045
Diabetes mellitus 206 (21.2) 23107 78 (24.4)° 60 (226)° 45 (266)° < 001
Chronic liver disease 133 (13.7) 31 (144)° 71 (22.2)° 23 (86)° 8 (47 < 0.01
Chronic pulmonary disease 81 (84) 4(19° 23 (72)P° 25 (94)° 29 (17.2)° <001
Chronic cardiovascular disease 76 (7.8) 9 (4.2° 17 (5.3) 22 (8.3)° 28 (16.6)° < 001
Cerebrovascular disease 58 (6.0) 9 (4.2 12 (38 23 (86)° 14 (83)°° 003
Neurodegenerative disease 14 (14) 0 (0 2(06)° 5(1.9°° 7 4.0)° <001
Neuromuscular disease 9 (0.9 2 (09) 2 (06) 2 (0.8) 3(1.8) 037
Clinical presentation, no. (%)
Primary bacteremia 190 (19.6) 40 (186)%° 75 (234)° 55 (20.7)° 20 (11.8)° 0.02
Bacteremic pneumonia 538 (55.5) 102 (47.4)° 160 (50.0)% 150 (56.4)% 126 (74.6)° < 001
Empyema 49 (5.1) 4 (1.9 14 (4.4 25 (9.4)° 6 3.6)° < 0.01
Meningitis 84 (8.7) 35 (16.3)° 21 (66)° 20 (7.5)° 8 (47)° < 0.01
Peritonitis 74 (7.6) 23107 33 (10.3° 13 (49)° 5360° < 001
Septic arthritis 13 (1.3) 1 (0.5 5(1.6) 3(1.M) 4(24) 042
Infective endocarditis 2(0.2) 1(0.5) 1(03) 0 (0) 0(0) 062
Time from symptom onset to admission (days), 3.5+85 40+9.0 28+47 41+125 29+46 022
mean+SD
Recurrent infection, no. (%) 8 (0.8) 2 (09) 50.6) 1(04) 0 024
Site of acquisition of infection, no. (%) <001
Community 794 (81.9) 191 (88.8) 265 (82.8) 215 (80.8) 123 (72.8)
Long-term care facility 42 (4.3) 4(1.9 7(22) 7 (26) 24 (14.2)
Tertiary referral hospital 134 (13.8) 20 (9.3) 48 (15.0) 44 (16.6) 22 (13.0)
Proportion of IPD (cases/1,000 hospitalized patients)  0.36 0.21° 039° 0.49° 0.69° <001
Case fatality rate, no. (%)" 281/909 (309)  38/207 (184)°  83/309 (269  86/243 (354)°  74/150 (49.3)° < 001
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Table 1 Baseline patient characteristics and disease burden of invasive pneumococcal disease, stratified by age group

(Continued)

Direct medical costs per caset 0

Mean (95% Cl) US $7,452 US $6,223 US $8,191 US $7,910 US $6,956
(6,816-8,088) (5218-7,229) (6,963-9420) (6,645-9,175) (5351-8,561)

Median (IQR) US $4,772 US $4,092 US $5,095 US $5,320 US $4,439
(2,378-8,698) (2,364-7,844) (2,898-9,018) (2,796-10,590) (1,844-8,136)

ECOG, Eastern Cooperative Oncology Group; IQR, inter-quartile range.

NOTE: The same letters (alphabetical superscripts) indicate non-significant differences between groups based on either Tukey’s multiple comparison tests or

chi-square tests.

* Defined as alcohol use for more than 5 days a week or having a diagnosis of alcoholism.
TCase fatality rates were based only on patients whose survival or death was confirmed.

*KRW1200=US$1.

groups compared to the high-risk group (p < 0.01 and
p = 0.05, respectively) reflecting aggressive therapy in
previously healthy subjects. On further analysis by age in
each risk group, the case fatality rate tended to signifi-
cantly increase with age in the high- and low-risk groups
(p < 0.01). Direct medical costs differed by age only in
the moderate-risk group; costs were higher in patients
aged 50-64 years compared to the others (p = 0.03)
(Table 2).

Prognostic factors of invasive pneumococcal disease

On univariate analysis, older age, advanced ECOG per-
formance status, bacteremic pneumonia, and nosocomial
infection were associated with a higher 30-day case fatal-
ity rate (p < 0.05). Risk group (p = 0.12), sex (p = 0.08),
and antibiotic susceptibility (penicillin, p = 0.28; erythro-
mycin, p = 0.73) did not influence the 30-day case fata-
lity rate. Meningitis was associated with a lower case
fatality rate (p < 0.01). On multivariate analysis, old age
(odds ratio, 1.02; 95% CI 1.01-1.03), ECOG performance
status grade 4 (odds ratio, 5.97; 95% CI 3.30-10.80),
bacteremic pneumonia (odds ratio, 1.53; 95% CI 1.10-
2.14), and nosocomial infection (odds ratio, 2.21; 95% CI
1.49-3.25) were independent risk factors for 30-day case
fatality (Table 3).

Trends in proportion, case fatality rate, and antibiotic
susceptibility

Over the study period, the proportion of IPD among
hospitalized patients (cases/1000), the case fatality rate,
and the antibiotic susceptibility rate were serially esti-
mated (Figure 1). Since the introduction of PCV7 in
2003, the proportion of IPD and case fatality rates did
not change remarkably. However, rates of penicillin and
erythromycin susceptibility decreased in the years lead-
ing up to and after 2010: 100% (2008), 96.8% (2009),
91.3% (2010) and 89.5% (2011) for penicillin; 37.7%
(2008), 32.7% (2009), 32.4% (2010) and 29.1% (2011) for
erythromycin.

Discussion

Although the global burden of IPD is described exten-
sively in the literature, most studies focus on pediatric
diseases, and currently available data for Asian countries
is lacking. This multicenter study evaluated the IPD
disease burden based on laboratory-confirmed cases in
adults, stratified by age and underlying conditions. Di-
rect medical costs were estimated by an objective,
concrete method to avoid overestimation. These re-
sults may be useful for evaluating the cost-effectiveness of
pneumococcal vaccines in the future.

Consistent with previous studies [11-13], the propor-
tion of IPD among hospitalized patients and the IPD
case fatality rate increased with age. Though patients
aged 65 years and older may be more likely to develop
IPD compared to younger patients, those aged 50-64
years comprised the largest percentage in this study. A
majority of patients aged 50—64 years (73.4%, 239 among
320 subjects) had comorbidities such as diabetes and
chronic lung or cardiovascular diseases. Weycker et al.
[13] previously found that persons aged 50-64 years
comprised the largest proportion of the IPD patients.
Considering that this age group is most active socially,
indirect medical costs may be greater than correspond-
ing costs for the elderly. In addition, Weycker et al. [13]
reported that the majority of pneumococcal diseases
(260%), pneumococcal-related death, and pneumococcal-
related costs were accounted for by high-risk cases. The
high-risk group may be also at greatest risk for IPD. How-
ever, contrary to the study by Weycker et al. [13], the
moderate-risk group in our study accounted for more
than 40% of IPD cases. Pneumococcal vaccination for the
group at moderate risk should be emphasized.

It is also noteworthy that even the low-risk group
presented a substantial clinical and economic burden.
This may be related to the presence of underlying cere-
brovascular, neurocognitive, and neuromuscular disor-
ders and poor performance status in this group of
patients. Jain et al. reported that patients with neurologic
diseases are at high risk for pneumonia after influenza
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Table 2 Burden of invasive pneumococcal disease, stratified by risk group

High-risk group p-value

Total (n=264) 18-49 Years (n=38)

50-64 Years (n=112) 65-74 Years (n=86) >75 Years (n=28)

Duration of hospitalization 2014193 22.0+16.5
ICU admission, no. (%) 84 (31.8) 13 (34.2)
Duration of ICU admission 34487 32472
Case fatality rate, no. (%)* 89/252 (353)  8/38 (21.1)%
Time to death (days) 9.7+85 9.6+5.9
Direct medical costs per caset
Mean (95% Cl) UsS $7,667 US $6,990
(6,395-8,938) (4,464-9,516)
Median (IQR) US $5,552 US $6,749

(2,567-9,872) (2,474-9,948)

Moderate-risk group

21.74219 173144 194+24.2 041
33 (29.5) 28 (32.6) 10 (35.7) 09
2.7+6.2 3.1+75 6.7+17.8 0.19
33/107 (30.8) 30/82 (40.0)° 18/25 (72.0)° <001
10.6£9.1 8.6+79 9.7£9.9 0.85
0.76
US §7,135 US $8,609 US $7,880
(5,746-8,524) (5,648-11,569) (2,297-13,462)
US $5,612 US $5472 US $3,262
(3,007-9,650) (3,278-10,442) (1,532-10,034)
p-value

Total (n=423) 18-49 years (n=91)

50-64 years (n=147) 65-74 years (n=108) >75 years (n=77)

Duration of hospitalization 17.8+26.1 153+15.7
ICU admission, no. (%) 191 (45.2) 35 (38.5)
Duration of ICU admission 53+20.8 32464
Case fatality rate, no. (%)* 110/397 (27.7) 19/88 (21.6)
Time to death (days) 74468 6.3+53
Direct medical costs per caset
Mean (95% Cl) uUs $7,037 US $5,404°
(6,120-7,955) (4,191-6,617)
Median (IQR) UsS $4,517 US $3,685

(2432-7,961) (2,405-6,805)

Low-risk group

17.74173 19.0424.4 19.0+4523 076
68 (46.3) 46 (42.6) 42 (545) 0.19
524109 47+89 9.0+44.9 033
37/144 (25.7) 28/96 (29.2) 26/69 (37.7) 0.14
88+7.7 7.146.1 6.5+6.9 045
003
US $8,756° US $6,964° US $5,730°
(6,650-10,861) (5,395-8,532) (4,423-7,037)
US $4,956 US $4,664 US $4,679
(2,797-10,003) (2/402-9,499) (1,879-7,057)
p-value

Total (n=283) 18-49 years (n=86)

50-64 years (n=61)  65-74 years (n=72) >75 years (n=64)

Duration of hospitalization 19.0+25.6 19.0+20.9
ICU admission, no. (%) 139 (49.1) 33 (384)
Duration of ICU admission 6.8+13.8 59£136
Case fatality rate, no. (%) 82/260 (31.5)  11/81 (13.6)°
Time to death (days) 7.9+9.0 10.2+154
Direct medical costs per caset
Mean (95% Cl) US $7,903 US $6,849
(6,675-9,131) (4,931-8,766)
Median (IQR) US $4,968 US $4,448

(2,187-9,613) (1,856-8,574)

2194212 19.9+27.4 154+32.3 055

31 (508) 40 (55.6) 35 (54.7) 0.11

83+143 6.8+13.1 68+14.7 078

13/58 (22.4)° 28/65 (43.1)° 30/56 (536)° <001

92+103 934811 53+52 026
069

US $8,528 US $8,557 US $8,090

(5,715-11,342) (6,239-10,875) (4,727-11,453)

US $5,726 US $5,896 US $3,367

(3,443-8,858) (2,178-11,733) (1,879-9,308)

IQR, inter-quartile range.

NOTE: The same letters (alphabetical superscripts) indicate non-significant differences between groups based on either Tukey’s multiple comparison tests or

chi-square tests.

" Case fatality rates were based only on patients whose survival or death was confirmed.

TKRW1200=US$1.

infection [14]. Though currently not considered high
priority for pneumococcal vaccination, patients with neu-
rologic disease were at great risk for IPD. Moreover, sev-
eral studies have shown that neurologic diseases are risk
factors for mortality after pneumococcal infection [15,16].

This suggests that the definitions for low, moderate, and
high risk groups should be reconsidered.

Similar to the findings of Weycker et al. [13], the di-
rect medical costs per case did not differ significantly
between the risk or age groups in the present study;
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Table 3 Prognostic factors related to 30-day mortality
among patients with invasive pneumococcal disease

Variables 0dds ratio 95% Confidence interval
Age 1.02 1.01-1.03
Sex (male) 1.17 0.83-1.65

ECOG performance status: reference category, grade 0

Grade 1 1.09 0.73-1.63
Grade 2 1.1 0.68-1.78
Grade 3 142 0.85-2.39
Grade 4 597 3.30-10.80

Risk group: reference category, low-risk group

Moderate risk 087 0.81-1.87
High risk 1.23 0.59-1.27
Bacteremic pneumonia 1.53 1.10-2.14
Meningitis 0.57 0.27-1.21
Nosocomial infection 221 149-3.25

ECOG, Eastern Cooperative Oncology Group.

however, our estimates (mean, US$ 5,404-8,756/case)
were much lower than those reported by Weycker et al.
(US$ 15,402-31,849/case). First, this difference may be
related to the methods used for estimation. Weycker
et al. [13] estimated the direct medical costs based on
data from the 2004 Healthcare Cost and Utilization Pro-
ject (HCUP) Nationwide Inpatient Sample (NIS) using
mean age- and risk-specific charges, while we calculated
them by adding only IPD-related costs for each patient.
Second, direct medical costs may potentially be affected
by the healthcare system and geographic factors that
affect accessibility. In a US study by Huang et al. [3],
mean direct costs per case of pneumococcal bacteremia
was estimated to be US $12,667, which is also higher
than our estimates.
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The patients’ clinical presentations varied significantly
by age and risk group. Primary bacteremia was common
in the high-risk group, bacteremic pneumonia and peri-
tonitis were most common in the moderate-risk group,
and meningitis was prominent in the low-risk group.
Bacteremic pneumonia or empyema was more common
in older patients, while meningitis and peritonitis were
more common in the younger adults. These differences
may be related to host-specific serotype distributions,
host immunity, or other factors. Previous reports sho-
wed that some serogroups with high IPD potential (1, 5
and 7) affected relatively healthy adults, while those with
low or intermediate IPD potential (3, 6, 8, 15, 19, 23, 33
and 38) were more likely to affect individuals with
immunocompromise due to age and/or comorbidity
[17,18]. Serotypes 3 and 19A pneumococci are more
likely to cause pneumonia/empyema [19], while Serotype
1 is known to cause pneumonia and peritonitis in young
adults [20].

In this study, the overall case fatality rate (30.9%) was
higher than in previous reports, which may reflect that
the study was composed exclusively of adults. Similarly
in a previous Korean study, the case fatality rate for bac-
teremic pneumonia was 28.6% in adults [16]. In contrast,
the case fatality rates for children were reported to be
lower than 15% [21]. Independent risk factors for 30-day
case fatality include advanced age, poor performance sta-
tus, bacteremic pneumonia, and nosocomial infection.
The case fatality in this study was not related to primary
bacteremia, but to bacteremic pneumonia. Previous stu-
dies reported advanced age, male sex, comorbidities,
alcoholism, sepsis, and meningitis as risk factors for
mortality [17,19]. In this study, meningitis was not re-
lated to survival, contrary to previous studies. This may
be related to the age of the study population. The risk of
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Figure 1 Trends in invasive pneumococcal disease (IPD): proportion of IPD, case fatality rate, and antibiotic susceptibility.
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meningitis is much higher in pediatric patients than in
adults, and infants under one year of age have an espe-
cially high case fatality rate [19].

Since the introduction of the PCV7 vaccine in 2003, a
substantial decline in IPD incidence has been reported
in the target population aged 5 years and younger [22].
In a study conducted in the Netherlands, however, the
overall IPD incidence remained constant in adults [23].
With a serotype shift under the vaccine pressure, the
PCV7 coverage rate fell below 25% in Korean patients
with pneumococcal pneumonia irrespective of age (un-
published data). Likewise, the proportion of hospitalized
adult patients with IPD and the adult case fatality rate
did not decrease remarkably over this decade according
to this study. Interestingly, the rates of bacterial suscep-
tibility to penicillin and erythromycin decreased around
2010, which may be related to the expansion of the
multidrug-resistant serotype 19A [11,24,25].

This study has several limitations. First, we could not
estimate the incidence of IPD because the study popula-
tions were highly mobile and IPD patients were referred
from diverse areas of Korea. Second, the serotype distri-
bution could not be investigated. Third, this study was
conducted retrospectively, introducing a potential infor-
mation bias. Uncontrolled confounding factors might
exist. To minimize these factors, well-trained research
nurses collected data in each hospital using a structured
case report form. All data were reviewed and processed
without patient-identifying information at the data ma-
nagement center under the supervision of a medical
advisor.

Conclusion

In conclusion, we investigated the clinical and economic
burden of IPD in adults. The proportion of IPD among
hospitalized patients and the case fatality rate increased
significantly with age, and direct medical costs were high
regardless of age and comorbid conditions. The current
age-based vaccination strategy appears appropriate, how-
ever, given the results of these studies. Patients aged
50-64 years comprised the greatest part of the IPD
population, and most of these patients had comorbid
conditions, placing them at higher risk. Further stu-
dies are indicated to evaluate the cost-effectiveness of
pneumococcal vaccination targeting adults aged 50
years and older.
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