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Methods: The study population comprised the whole nation of Taiwan from 2008 to 2012. Restricting to
cases with viable isolates, we calculated the incidence, case fatality ratio, prevalence of serotype 19A, and
percentage of vaccine preventable IPD.

National surveillance Results: 3659 cases of IPD were identified yielding an incidence of 3.2 per 100,000 population; the highest
Streptococcus pneumonide incidence was among children aged 2-4 years (21.1 per 100,000 population). The case fatality ratio was
Serotype 19A 9.2% and the highest ratio was among adults aged >75 years (19.0%). The percentage of PCV7 preventable
Taiwan IPD decreased for all age groups, especially sharply among children aged 2-4 years, from 65.8% in 2008
to 12.9% in 2012. The prevalence of serotype 19A increased from 5.5% in 2008 to 25.3% in 2012 among
all Streptococcus pneumoniae, displaying a differential temporal emergence among different age groups.
Serotype 19A became the most prevalent serotype among children aged <2 years in 2009, children aged
2-4 and 5-17 years in 2010, and adults aged 18-49 years in 2012.

Conclusions: The incidence of IPD fluctuated during the study period, with ongoing decrease due to PCV7
vaccine serotypes and increase due to non-vaccine serotypes. Serotype 19A became the most prevalent
serotype in 2010 among all S. pneumoniae.
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1. Introduction for 476,000 of the 8.8 million annual global deaths among children
<5 years of age in 2008 [1]. Invasive pneumococcal disease (IPD),
Streptococcus pneumoniae (pneumococcus) is the leading cause defined as S. pneumoniae invading normally sterile body sites [2],

of serious infection worldwide, and was estimated to be the cause places young children and the elderly at particularly high risk.
The capsular polysaccharides on the surface of S. pneumoniae
form the basis for serotype classification of the bacterium into
more than 90 serotypes [3] and for vaccine development. Four
vaccines have been available for the prevention of S. pneumoniae
infection. They are, in order of introduction, the 23-valent pneu-
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immunity” [5,8,11]. However, serotype replacement, an increase in
non-vaccine serotypes among asymptomatic carriers and causes of
IPD, was also frequently reported after PCV7 vaccination [5,12] and
compromised the effectiveness of vaccination.

In Taiwan, PPV23, PCV7, PCV10, and PCV13 were approved in
January 2001, October 2005, April 2010, and April 2011, respec-
tively, and have been available in the private sector since then.
However, no national immunization program has been imple-
mented. Due to the potential for serotype replacement and future
availability of various multivalent PCVs, IPD was listed as a noti-
fiable disease in Taiwan in October 2007, so that incidences,
circulating serotypes, antimicrobial susceptibility, and the impact
of interventions could be monitored. It is mandatory to report
IPD cases within 7 days of establishing the clinical diagnosis and
to deliver the isolated S. pneumoniae to the Centers for Disease
Control, Taiwan (TCDC). Here, we report the national surveillance
results from 2008 to 2012, including the incidence, case fatality
ratio, serotypes, and percentage of vaccine-preventable cases.

2. Methods

2.1. Case definition, data and invasive S. pneumoniae isolate
collection

A case of IPD was defined as isolation of S. pneumoniae from a
normally sterile body site, such as blood or cerebrospinal fluid (CSF).
Since October 2007, every hospital in Taiwan has been required
to report IPD cases of all ages and to send S. pneumoniae iso-
lates to the TCDC. In general practice in Taiwan, a blood culture
is taken for cases of suspected pneumonia/lower respiratory tract
infection before antibiotic prescription, and a lumbar puncture is
performed for cases of meningitis as early as possible. Infection
control personnel in each hospital monitor report from the micro-
biology laboratory for isolation of S. pneumoniae from specimens
originating from either sterile body sites or patients in inten-
sive care units. When a report is detected, the patient’s attending
physician is consulted regarding whether it is an IPD case. Once
confirmed, the physician is urged to authorize infection control
personnel to complete a notification form in the National Notifiable
Disease Surveillance System of the TCDC over the Internet. During
the process of notification, demographic information about each
IPD patient is provided by the reporting hospitals, including gen-
der, age, date of disease onset. Staff in the microbiology laboratory
prepare the isolated S. pneumoniae in transport medium (Amies
charcoal-single plastic swab, COPAN Italia, Italy), and infection con-
trol personnel then mail it to the TCDC. The body site of isolation is
indicated along with the bacterial isolate. Because infection control
personnel scrutinize all reports from the microbiology laboratory
daily, notification is expected to be more complete, reducing the
possibility of cases being overlooked by clinicians or the laboratory.
From 2008-2009 and 2010-2012, 98.8% and 100%, respectively, of
notified IPD cases were accompanied by an S. pneumoniae shipment
from the reporting hospitals.

IPD cases with disease onset between 1 January 2008 and 31
December 2012 were collected for analysis in this study. The pop-
ulation of Taiwan was approximately 23.1 million individuals. The
IPD incidence (cases per 100,000 population) was calculated using
the case numbers and the mid-year population estimates provided
by the Ministry of Internal Affairs [13]. The case fatality ratio was
calculated by dividing fatal cases by all cases in a given age group.

2.2. Serotyping of S. pneumoniae

Upon receipt, S. pneumoniae isolates were subcultured imme-
diately and confirmed by standard microbiological methods,

followed by serotyping using the capsular swelling method (Quel-
lung reaction) with antisera obtained from the Statens Serum
Institut (Copenhagen, Denmark) according to the procedure pro-
vided by the manufacturer. The serotype was determined for most
S. pneumoniae isolates within two weeks after IPD onset.

2.3. Statistical analysis

All statistical analyses were performed using the chi-square test
and the two-tailed Fisher’s exact test if the expected cell value for
any observation was <5. A p value <0.05 was considered statistically
significant.

3. Results
3.1. Case number and body sites of S. pneumoniae isolation

From 1 January 2008 through 31 December 2012, a total of 3813
IPD cases were reported to the TCDC; 3659 S. pneumoniae isolates
were confirmed and further serotyped (96.0% in total, ranging from
95.4% to 97.0% for an individual year). Most excluded cases were
due to an absence of viable S. pneumoniae from the received bac-
terial swabs. All analysis was based on the 3659 confirmed and
serotyped cases, originating from 160 hospitals distributed across
Taiwan. S. pneumoniae was isolated from blood in 91.3% of patients,
from pleural fluid in 5.1% of patients, from CSF in 2.5% of patients,
from peritoneal fluid in 0.5% of patients, from synovial fluid in 0.4%
of patients, and from other sterile body sites in 1.1% of patients. The
ratio of male to female patients was 1.9.

3.2. Incidence and case fatality ratio

The patients ranged in age from 2 months to 106 years, with
23.6% and 20.7% of all cases occurring among children (<5 years old)
and the elderly (>75 years old), respectively (Table 1). The overall
incidence was 3.2 cases per 100,000 population. By age group, the
highest incidence was 21.1 cases per 100,000 population among
children aged 2-4 years, followed by 14.0 cases per 100,000 pop-
ulation among adults aged >75 years. The incidence fluctuated by
year between 2.9 cases per 100,000 population in 2009 and 3.4
cases per 100,000 population in 2011. The overall case fatality ratio
was 9.2%, and the highest rate, 19.0%, was found among adults aged
>75 years (Table 1). The case fatality ratio was significantly differ-
ent from previous year for all age in 2011, and age group 50-64
years in 2009 and 2011.

3.3. Serotypes of S. pneumoniae and a differential temporal
emergence of serotype 19A

With the exception of 16 non-typeable S. pneumoniae isolates,
53 serotypes were identified. The most prevalent 12 serotypes were
14(16.3%), 19A (14.9%),3 (12.8%),23F (11.7%), 19F (8.6%), 6B (8.5%),
23A (3.5%), 6A (3.5%), 15B (2.0%), 9V (1.9%), 4 (1.9%), 10A (1.4%),
accounting for 87.0% of all isolates. Twenty-eight isolates (0.8%)
were serotype 18C. Serotypes 2, 5, and 33F, included in PCV13
and/or PPV23, were not detected. The temporal trend of these major
serotypes was shown (Fig. 1).

The proportion of serotype 19A among all S. pneumoniae iso-
lates increased from 5.5% in 2008 to 25.3% in 2012 (Table 2,
p<0.001), becoming the most prevalent serotype in 2010. Rather
than emerging simultaneously among all age groups, however,
serotype 19A appeared prevalently first in the very young and then
progressed to the elderly. As a result, serotype 19A became the
most prevalent serotype among children <2 years in 2009 (p < 0.05),
among children aged 2-4 and 5-17 years in 2010 (p<0.001 and
p<0.05, respectively), and among adults aged 18-49 years in 2012
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Table 1

Case number, incidence, and case fatality ratio of invasive pneumococcal disease by age group and year, Taiwan, 2008-2012 (n=3659).
Age Case number (incidence, cases per 100,000 population)/case fatality ratio (%)

2008 2009 2010 2011 2012 2008-2012

<2 years 51(12.9)/2.0 44 (11.4)/2.3 44 (12.0)/2.3 45 (12.7)[4.4 32(8.2)/6.3 216(11.4)/3.2
2-4 years 114 (17.7)/2.6 96 (15.3)/2.1 152° (24.7)/2.0 154 (25.4)/3.2 132(22.7)/2.3 648 (21.1)/2.5
5-17 years 35(0.9)/0.0 39(1.0)/0.0 48 (1.3)/2.1 47 (1.3)/21 58 (1.7)/1.7 227 (1.2)[1.3
18-49 years 151(1.3)/7.3 124(1.1)/7.3 117 (1.0)/8.5 133(1.1)/10.5 106 (0.9)/4.7 631(1.1)/7.8
50-64 years 115(3.0)/13.9 130 (3.2)/5.4* 121 (2.8)/6.6 1637 (3.6)/15.3% 145 (3.1)/10.3 674 (3.2)/10.5
65-74 years 126 (9.3)/8.7 80" (5.8)/5.0 1107 (7.9)/8.2 96 (6.9)/12.5 92 (6.5)/13.0 504 (7.3)/9.5
>75 years 177 (17.5)/18.6 145 (13.8)/19.3 122(11.3)/13.9 162 (14.5)/21.0 153 (13.3)/20.9 759 (14.0)/19.0
All age 769 (3.3)/9.8 658 (2.9)/7.8 714 (3.1)/6.9 8007 (3.4)/11.67 718 (3.1)/9.7 3659 (3.2)/9.2
2 p<0.05 compared to previous year.
b p<0.001 compared to previous year.

Table 2

Differential temporal emergence of Streptococcus pneumoniae serotype 19A by age group and year, Taiwan, 2008-2012 (n=3659).
Age 2008 2009 2010 2011 2012

% (rank)? % (rank) % (rank) % (rank) % (rank)

<2 years 5.9(5) 25.0(1)° 29.5(1)° 422 (1)° 40.6 (1)°
2-4 years 16.7 (4) 18.8(3) 40.8 (1)° 539 (1) 66.7 (1)°
5-17 years 5.7 (6) 103 (3) 229 (1) 48.9 (1) 44.8 (1)
18-49 years 2.6(10) 4.8 (6) 6.0(5) 12.8 (3)° 15.1 (1)°
50-64 years 3.5(7) 2.3(7) 5.8 (6) 9.2(5) 13.1(2)°
65-74 years 3.2(7) 0(20) 10.0 (4) 2.1(10) 7.6 (5)
>75 years 3.4(6) 0(22) 0.8(15) 4.3 (8) 8.5(3)°
All age 5.5(6) 6.4(6) 15.7 (1)° 20.8 (1)° 253 (1)

2 Proportion (%) and rank of serotype 19A among Streptococcus pneumoniae isolates.

b p<0.05 compared to 2008.
¢ p<0.001 compared to 2008.
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Fig. 1. Trends of the 12 most prevalent serotypes, ranging from 598 to 53 S. pneumo-
nia strains, plus serotype 18C (28 strains), in 2008-2012. These 13 serotypes consist
of 87.8% of all S. pneumoniae strains. ! Serotypes included in PCV7; 2extra serotypes
included in PCV13.

(p<0.001). Serotype 19A was the second, fifth, and third most
prevalent serotype in 2012 among adults aged 50-64, 65-74, and
>75 years, respectively (p <0.05, p=0.14, and p<0.05).

3.4. Percentage of vaccine preventable IPD

The percentage of PCV7 preventable IPD decreased from 59.8%
in 2008 to 37.2%in 2012 (Table 3, p<0.001). This decrease was first
observed among young children and was eventually significant for
all age groups in 2012 (p <0.05) compared to percentages in 2008,
with the exception of adults aged 65-74 years (p=0.35). The most
dramatic decrease was observed among children aged 2-4 years
(65.8% in 2008 to 12.9% in 2012, p<0.001), followed by children <2
years (p<0.001) and children aged 5-17 years (p <0.05). The per-
centage of PCV13 preventable IPD was higher among children than

among adults, and a slight decrease was observed among children
in 2012. The percentage of PPV23 preventable IPD was approx-
imately 80-90% for all age groups in 2008-2011 and declined
slightly in 2012. The percentage of PCV10 preventable IPD (data
not shown) was almost identical to that of PCV7 because only 2
serotype 1 and 10 serotype 7F isolates of S. pneumoniae were iden-
tified.

4. Discussion

We present data from the first five years of national surveillance
of IPD in Taiwan. With mandatory case reporting and S. pneumo-
niae isolate collection, 96% of all notified IPD cases had viable S.
pneumoniae isolates for serotyping. Many countries have national
surveillance systems for IPD; however, collection of S. pneumoniae
is mostly voluntary [14].In England and Wales, the national surveil-
lance system was created in 1996, and 81% of S. pneumoniae isolates
from culture-positive IPDs were serotyped from 2009 to 2010 [5].In
Denmark, serotyping of S. pneumoniae isolates has been performed
since 1937, and more than 90% of all IPD isolates were estimated to
be included in the national laboratory surveillance system in recent
years [11].

The incidence of IPD in our study (3.2 cases per 100,000 popu-
lation) is higher than previously reported [15]. Most IPD patients
in Taiwan are admitted to hospitals where case reporting and S.
pneumoniae collection is mandatory. Therefore, we believe that the
number of IPD cases that were not detected or reported was small
and that the incidence calculated in the current study is close to the
true incidence in Taiwan. The incidence in our study is lower than
that previously reported for many other countries [5,7,8,11], either
ranging from 15.0 to 24.4 cases per 100,000 population before the
introduction of PCV7, or ranging from10.6 to 17.1 cases per 100,000
population 1 to 7 years after the national, widespread introduction
of PCV7.

No significant decline in IPD incidence was observed in our
study, including among children <2 years or aged 2-4 years. This

Pogona Ex. 2026
Pfizer v. Pogona, IPR2026-00189
Page 3 of 5



3348 C.-S. Chiang et al. / Vaccine 32 (2014) 3345-3349

Table 3

Percentage of vaccine preventable invasive pneumococcal disease by age group and year, Taiwan, 2008-2012 (n=3659).
Age PCV7? PCV13P PPV23¢

2008 2009 2010 2011 2012 2008 2009 2010 2011 2012 2008 2009 2010 2011 2012

<2 years 784 63.6 47.7¢ 31.1¢ 28.1¢ 86.3 93.2 84.1 84.4 81.3 92.2 88.6 84.1 82.2 75.0¢
2-4 years 65.8 69.8 46.1¢ 33.8° 12.9¢ 92.1 94.8 95.4 94.2 86.4 89.5 91.7 89.5 90.3 82.6
5-17 years 57.1 76.9 479 34.0¢ 27.6¢ 771 94.9 81.3 91.5 82.8 80.0 92.3 85.4 93.6 82.8
18-49 years 55.0 50.8 453 45.1 39.6¢ 70.9 78.2 75.2 75.9 74.5 79.5 83.1 81.2 85.0 774
50-64 years 59.1 53.1 529 49.1 44.8¢ 774 79.2 78.5 82.8 779 87.0 83.1 87.6 84.0 77.2¢
65-74 years 53.2 56.3 46.4 54.2 46.7 77.8 76.3 78.2 80.2 76.1 86.5 78.8 89.1 85.4 80.4
>75 years 60.5 60.7 50.0 51.2 49.0¢ 78.0 80.0 76.2 75.9 77.8 86.4 89.0 86.1 82.1 77.8¢
All age 59.8 59.3 48.0¢ 44.6° 37.2¢ 79.1 83.0 81.7 82.8 79.2 85.7 86.0 86.6 85.6 79.1¢

a PCV7 (7-valent pneumococcal conjugate vaccine): 4, 6B, 9V, 14, 18C, 19F and 23F.

b PCV13: 1,3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F.

€ PPV23:1,2,3,4,5,6B, 7F, 8,9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19F, 19A, 20, 22F, 23F, 33F.

d p<0.05 compared to 2008.
¢ p<0.001 compared to 2008.

result is attributable to the combination of a decrease in IPD due to
serotypes included in PCV7 and an increase in IPD due to serotypes
notincluded in PCV7.In Taiwan, PCV7,PCV10,and PCV13 have been
available at parent’s expense since they were approved. Only after
July 2009, the government began to provide free PCV7, followed
by PCV10 or PCV13 when available, to children <5 years who were
either at risk of severe disease or financially disadvantaged. In a
previous report, the cumulative coverage rate of PCV7 among chil-
dren aged <5 years was 0.7% in 2005, 8.6% in 2006, 15.9% in 2007
and 25.2% in 2008 based on the manufacture’s estimate [16]. In
another study for nasopharyngeal carriage of S. pneumoniae, the
coverage rate of PCV7 vaccination (received at least one dose of
PCV7)was 0.2% in 2005, 5.7% in 2006, 17.1% in 2007, 26.9% in 2008,
37.5%1in 2009 and 45.5% in 2010 among the 9705 child participants
<5 years of age [17]. Although pneumococcal vaccination has not
been implemented nationwide in Taiwan, partial vaccination cov-
erage has contributed, at least in part, to the observed decline in
IPD due to serotypes included in PCV7.

The highest incidence was among children aged 2-4 years, con-
sistent with an earlier report from Taiwan [15], but in contrast to
many reports from other countries, where the highest incidence
was recorded among children <2 years [5,6,10]. This discrepancy
may be attributable to many factors, including attendance at day
care centers, which was reported to be strongly associated with IPD
[18,19] and pneumococcal carriage [ 17] in children. In Taiwan, most
children <2 years are cared for by relatives or nannies at either the
children’s or care takers’ homes. Therefore, the lack of exposure
to large groups of children at day care centers likely contributed
substantially to the lower IPD incidence among children <2 years.
To our knowledge, the only other study that documented that the
highest incidence was among children aged 2-4 years was from
Singapore in 2005-2010 [20]. Similar to Taiwan, the majority of
infants in Singapore are looked after at home or in small home-care
centers. Another possible factor that would need further investiga-
tion is that the higher rate among children aged 2-4 years may just
be reflecting impact of the vaccination among children <2 years
since 2005.

Anincrease in the prevalence of S. pneumoniae serotype 19A has
been observed in many countries after the introduction of PCV7
[5,6,8,21]. However, to our knowledge, our observation of the dif-
ferential temporal emergence of serotype 19A among different age
groups, although somewhat expected, has never been reported.
This differential temporal emergence was likely due to vaccina-
tion pressure among young children, and thus, children were the
first age group to be affected. When vaccination coverage among
young children increased over time, herd immunity spread to the
older age groups who were not vaccinated, and the prevalence of
serotype 19A also increased in the latter age groups. The high rate

of antimicrobial resistance of serotype 19A [22] did not seem to
play an important role in this differential temporal emergence; if
it did, serotype 19A would be expected to emerge at the same time
for all age groups. In the US and in England and Wales, IPD due to
serotype 19Aincreased more than 3- and 2-fold [5,21], respectively,
forall age groups four years after nationwide vaccination with PCV7
began. Without nationwide immunization with PCV7 in Taiwan, the
rapid increase in serotype 19A was somewhat unexpected. It would
be interesting to further characterize S. pneumoniae to reveal any
clonal expansion or unique characteristics.

In our study, the reduction in IPD caused by serotypes 14, 23F
and 6B was obvious, but no reduction was observed in serotype
19F. This finding raised concerns because serotype 19F was the fifth
most prevalent serotype from IPD patients, and it was the most
common serotype isolated from nasopharyngeal swabs among
children <5 years in Taiwan [15,23]. A similar lack of reduction in
serotype 19F was observed among children <5 years in Hong Kong
[24] and among children between 2 and 5 years in Denmark [11]
after vaccination with PCV7. In addition, we did not see an increase
in the incidence of serotypes 6C, 7F, 22F, or 35, as has previously
been reported [5,12,25].

The percentage of PCV7 preventable IPD among children <5
years declined sharply, clearly indicating that this vaccine is likely
not enough to target residual disease among this age group in
Taiwan. Neither is PCV10, as only 12 additional cases were pre-
ventable. Apparently, the recently introduced PCV13 is the best
choice available, as more than 80% of IPD cases were preventable.
Therefore, based on this study, the government began to provide
only PCV13 for immunization to those children eligible for free vac-
cine since October 2011. However, a decrease in the percentage of
PCV13 preventable IPD among children <2 years and 2-4 years in
2012 was observed, likely attributable to partial vaccination cover-
age by PCV13. Therefore, close monitoring of the serotypes of future
S. pneumoniae isolates is essential to further determine the impact
of PCV13 vaccination.

Another interesting observation from this study is that the high-
est number of IPD cases (n=800) and the highest annual fatality rate
(11.6%) occurred in 2011, coinciding with the post-pandemic cir-
culation period of influenza A(H1N1) in Taiwan. During this time,
a sharp increase in hospitalized and fatal cases due to influenza
A(H1N1) was recorded, as well as an age shift in fatal cases to older
adults aged 50-64 years [26,27]. Compared to 2010, the increase
in IPD cases as well as case fatality ratio was significant among
adults aged 50-64 in 2011 (Table 1; 163 vs. 121, and 15.3% vs. 6.6%,
respectively). Adults aged 50-64 years appeared to be the most
affected age group in both scenarios, and S. pneumoniae was the
most prevalent bacterial pathogen associated with fatal cases in
the 2009 influenza A(H1N1) pandemic in the United States [28].
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Nevertheless, further investigation is needed to confirm any cor-
relation between post-pandemic circulation of influenza A(H1N1)
and IPD in Taiwan in 2011.

In conclusion, we presented data from the first five years of
national surveillance of IPD in Taiwan. The results provide timely
information for IPD epidemiology and vaccination policy. To fur-
ther assess disease severity and vaccination effectiveness, medical
record and immunization information for individual patients needs
to be reviewed and obtained through the hospitals and the National
Immunization Information System, respectively. In addition, our
system, based on infection control personnel, can be used to sup-
plement existing surveillance systems in other countries that are
based on physicians or laboratories to improve case reporting and
S. pneumoniae collection.
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