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Abstract

Asia is one of the continents in the world heavily impacted by pneumococcal diseases but yet the information
on disease burden and serotype distribution remained largely unclear. The data is essentially needed to inform the
burden of pneumococcal diseases as a priority public health concern among the Asian countries. The formulations
of pneumococcal conjugate vaccines (PCV) included a number of prevailing serotypes in the Western world but
geographical and temporal variations of vaccination effectiveness could be expected in Asia. This review focuses
specifically on the most recent five years trend in serotype distributions from both invasive and non-invasive
pneumococcal diseases in Asia. Other important features such as antimicrobial resistance and associated clones
were also noted. All latest studies reported that complied with the scopes of this review were included and the
serotyping data were extracted for comparison analysis between countries, regions, and to represent Asia as the
whole. The most common serotypes detected in highest to lowest frequencies order are 19F, 14, 23F, 6B, 19A, 3,
and 6A, accounted for approximate two third of the incidences. Heptavalent PCV (PCV7) is expected to cover half
of the incidences with significant increment in efficacy with PCV13. East Asia, Southeast Asia, and West Asia have
relatively similar serotype distributions though slight variations were observed. The more unique pattern is noted in
South Asia region. Initiation of surveillance study in countries with no reporting data is needed. Continued surveillance
involving nationwide or multinational collaborative networks need to be set up to enhance and standardize the

reporting incidences.
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Introduction

Streptococcus pneumoniae is one of major human pathogens
causing various major infections such as pneumonia, bacteremia,
meningitis, and acute otitis media (AOM) worldwide [1-4]. In year
2005, the World Health Organization (WHO) estimated that out of
the 1.6 million total deaths due to pneumococcal disease every year,
0.7 - 1 million were children <5 years of age [5]. To date, 93 distinct
pneumococcal serotypes have been identified so far. Serotype 6C
[6], 6D [7], and 11E [8] are the latest known serotypes and more are
yet to be characterized. Nevertheless, only a limited set of serotypes
are capable of causing infections [9-11]. Some serotype also display
increase tendency in certain diseases. For instance, the most common
serotypes detected in AOM were serotypes 19F, 23F, 19A, 6A, 6B, and
14 [12,13] while serotype 1, 5, and 7F were unusual in AOM.

The 23-valent pneumococcal polysaccharide vaccine (PPV23,
Pneumovax) covers 23 pneumococcal serotypes and is able to induce
protective immune responses in adults [14-17] though conflicting data
has been reported [18]. However, the immune response is particularly
poor in younger children <2 years of age and individual with underlying
immunosuppressive conditions [19]. The maximal efficacy of PPV23
was estimated to be only 70% and revaccination might be needed in
certain people as the antibody level begins to falls the following year
after vaccination [20]. In February 2000, the heptavalent pneumococcal
conjugate vaccine, PCV7 (PCV7, Prevnar) formulated with serotypes
4, 6B, 9V, 14, 18C, 19F, 23F was licensed in the United States and was
later incorporated under the childhood vaccination programme in mid

2000 for all infants and children <2 years of age [21,22]. Those 24 -
59 months old who are at particular risks of pneumococcal invasive
infections such as immunocompromised conditions (chronic heart
diseases, chornic lung diseases), diabetes mellitus, sickle cell diseases,
and human Immunodeficiency virus (HIV) infections were also
recommended [21,22]. Each of the individual strain antigens (capsular
polysaccharide) is conjugated to the nontoxic diphtheria proteins,
CRM,,, eliciting strong T-cell dependent immune responses and
protective PCV7-specific antibodies level (>1 ug/ml specific antibody
in 51 - 90% immunized children after 3 doses) in the children [21,23-
26] and stimulation of T-cell memory [26]. No major safety issue is
associated with PCV7 use though mild local reaction at the injection
site and fever were noted [27-28]. Later, European countries such as
Netherlands [29], Norway [30], and the United Kingdom [31,32] have
also made PCV7 into routine immunization. This vaccine comprises
seven of most common serotypes causing invasive pneumococcal
disease (IPD) among young children in US and European countries,
representing approximately 60 — 80% of the serotypes [5,28,33]. PCV10
and PCV13 were reported with mean increase in coverage of 7% and
16% respectively among the Europeans [34]. Up to May 2009, PCV7
was introduced in over 90 countries and incorporated under the
National Immunization Program (NIP) of 36 countries in the world.
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Following the widespread use of PCV7, dramatic reductions in
the incidences of pneumococcal diseases caused by vaccine serotypes
(VT) have been documented in many countries such as US [35-38],
Germany [39], Norway [40], France [41,42], Canada [43], Australia
[44], and other countries. On top of this, the use of PCV has led to the
reduction in antibiotics-resistant strains of pneumococci and the rate
of antibiotics prescribed [45-49]. PCV7 also has comparable effects in
reducing the carriage rate of VT among the population [50,51]. PCV7
also resulted in reduction of most causes of pneumonia hospitalization
in children less than 2 years of age in the US [35]. In AOM patients,
a shift into and also the nontypeable Haemophilus influenzae as the
emerging strains have been observed [52-54]. The herd immunity
effect conferred by PCV7 appears to have indirectly benefited the non-
vaccinated children and adults [43,44,55,56]. This is probably due to
the indirect protective effects of PCV7 as a result of decreased VTs
transmissions from the primary PCV age group [57,58] However,
the degree of effectiveness of PCV7-VT differs from 100% efficacy in
serotype 9V (100%) and 23F (98%) to the lowest in 19F (87%) [51]. The
efficacy of PCV7 also depends on several factors, including number of
doses received, age of vaccination, proportion of vaccinated population,
and geographical variations of serotypes [10,51,59].

The effect of PCV7 in reducing the VT was gradually dissolved by
the concomitant increase in IPD due to non-vaccine serotypes (NVT).
Findings from the post vaccination studies elsewhere underlined in
particular the “serotype replacement” phenomenon [60,62] whereby
significant rise in proportion of NVT were detected mainly with
serotype 19A and others such as serotypes 3, 15, 22F, and 33F [36,63-69].
Of real concern is the documentation of increasing antibiotic resistance
pneumococci, particularly the multidrug resistant (MDR) NVT strains
as a result of selective pressures from the conjugate vaccine in parallel
with the common antimicrobial agents used [36,38,64]. This indicates
that the selected strains have not only escaped/avoided the immunity
developed towards PCV7 but have also become more resistant.

Changes in the pneumococcal serotypes population can occur
naturally due to the background fluctuation of pneumococcal serotypes
[70]. In addition, the circulating genotypes may also change from time
to time or due to the selective pressures from vaccines or antibiotic use.
Isolates expressing the same serotype are usually, but not necessarily,
have the same genotypes [71-73]. Molecular genotyping technique
such as Multilocus sequence typing (MLST) has been increasingly
used to investigate the sequence type (ST) of pneumococci based
on the allelic variation of the seven housekeeping genes [73]. The
collection of closely related strains with defined ST variances form the
clonal complex (CC), which can be used to evaluate the relationship
between the local clonal lineages to the international clones to deduce
the pattern of global dissemination of the clones [73]. For instance,
the global widespread of the Spain®*-1 and France®'-3 international
clones have been documented in Europe and Asia [74-76]. Serotype
that is associated with clone of higher antibiotic resistance tendency
would in turn confer higher resistance to the associated serotype. For
example, penicillin resistant or MDR clones of serotypes 14, 23F, 6B,
and 9V have been reported in Spain since 1980s [77-79]. Prior to the
introduction of PCV7 in the UK, significant reduction in ST306 which
was associated with serotype 1 and a concomitant reduction in ST124
which was associated with serotype 14 have been reported [80]. In the
postvaccination era, significant expansion of serotype 19A was mainly
attributed to the clones CC199 and CC320 in the US [68,81-83]. CC199
represents the major clonal lineage even before PCV7 introduction
but the multidrug resistant clone CC320 mainly emerged after the
introduction of PCV7 [68,81-83]. In Europe, the increase in MDR
serotype 19A was mainly associated with ST276 and ST320 [84].

In the developing world data on the pneumococcal disease burden
have been very limited. The serotype epidemiology corresponding to
the respective country is largely unavailable as well. The same situation
is happening in many of the countries in Asia that represents the major
barrier in estimating the pneumococcal disease burden in Asia. Its use
is still mainly restricted to the private market on an individual basis
to those who can afford the vaccination and this comprises a small
percentage of the population. Hence, the actual effect could not be
translated to benefit the whole community. This is largely due to the
lack of information on disease burden and serotype distribution as well
as the cost-effectiveness estimation with the widespread use of PCV's
[85,86]. Various efforts in introducing PCV7 to the developing world are
currently underway but prior evaluations on the potential effectiveness
of the vaccine must be collected [87-89]. A recent review by Lin et al.
[90] focusing on pneumococcal disease burden among children in the
Asia-Pacific region from 1999 - 2010, highest incidences of 100 - 200
cases per 100 000 children <1 or 2 years old and the preventable disease
reach as high as 6 - 200 cases per 100 000 children. It was reported
that the coverage of PCV7 is relatively low (45%) among the Asian
countries [91,92]. Since PCV7 was initially designed to contain largely
the IPD serotypes in the western countries and serotype distribution
exhibit substantial geographical and temporal variations [59,93], the
outcome might not be the same in Asia. For all the reasons mentioned
above, there is an urgent need to revise into the most recent situation in
serotypes distributions in Asia, which outlined the main objective for
review article. Here we look extensively into the current five years trend
of serotype epidemiology implicated in both invasive and noninvasive
pneumococcal diseases in Asia. The associated ST and antibiotic
susceptibility were also noted.

Methods

The MEDLINE (National Library of Medicine, National Institute
of Health) database was used to identify relevant studies published
between January 2006 and September 2011 on patients of any age
group with invasive or noninvasive pneumococcal diseases. Isolates
were collected from any site appropriate to the respective methodology.
Several criteria were applied: (1) If the data involved consecutive
sampling period from date prior to and the date defined above (e.g.
year 2001 through 2008) and where the data is cumulative and not
divisible by years, all data were included; If divisible, only data from
the defined date is extracted for analysis (2) Not carriage isolates (3)
Isolates were not subset of a particular pneumococci characteristics,
such as serotypes of only levofloxacin-resistant pneumococcal isolates.
The search was carried out in English and is limited to studies published
in English. General search terms included: Streptococcus pneumoniae,
serotype, and pneumococcal diseases, separated by binary operators
“OR” or “AND” in combination with the name of country/territory
as specific search term: “Afghanistan”, “Armenia”, “Azerbaijan”,
“Bahrain”, “Bangladesh”, “Bhutan”, “Brunei”, “Burma/Myanmar”,
“Cambodia”, “China”, “Cyprus”, “East Timor”, “Georgia”, “Hong
Kong”, “India”, “Indonesia”, “Iran”, “Iraq”, “Israel”, “Japan”, “Jordan”,
“Kazakhstan”, “North Korea”, “South Korea”, “Kuwait”, “Kyrgyzstan”,
“Laos”, “Lebanon”, “Macau”, “Malaysia”, “Maldives”, “Mongolia”,
“Nepal”, “Oman”, “Pakistan”, “Papua New Guinea”, “Philippines”,
“Qatar”, “Saudi Arabia”, “Singapore”, “Sri Lanka”, “Syria”, “Taiwan”,
“Tajikistan”, “Thailand”, “Turkey”, “Turkmenistan”, “United Arab
Emirates”, “Uzbekistan”, “Vietnam”, and “Yemen”. Relevant studies
were also identified by hand searching of the reference list of the
primary papers. In addition, occasional search of published articles
and government/network surveillance databases were performed
using Google search engine. Of all the countries listed only 17 had data
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Country/ Territory Study Sampling period? no. of isolates® | Sample type© Age (years)
East Asia
China Liu et al. 2008 [94] 1/2005 — 12/2006 451 both 1d -4y
Chen et al. 2010 [95] 2007 31 non-invasive <3
Xue et al. 2010 [96] 2006 — 2008 171 invasive <14
Yao et al. 2011 [97] 2/2006 — 2/2008 338 ?:r:‘ly'r;‘f:'f‘:zm vasive) |5
Zhang et al. 2011 [98] 3/2009 — 3/2010 91 Both all
Zhou et al. 2011 [99] 2010 140 non-invasive children
Hong Kong Ip et al. 2007 [100] 3/2005 — 3/2006 519 non-invasive 1m — 15y
Ho et al. 2011 [101] 7/2005 — 12/2009 563 invasive all
Hon et al. 2010 [102] 1/2007 — 12/2009 12 both children
Center for Health Protection Hong Kong, 2011 [103] 9/2010 — 6/2011 160 invasive all
Taiwan Hsieh et al. 2008 [104] 2003 — 12/2006 364 invasive all
Japan Suzuki et al. 2010 [105] 2006 - 2007 323 both all
Hotomi et al. 2008 [106] 2/2006 — 6/2007 175 non-invasive 1im—127m
Chiba et al. 2010 [107] 8/2006 — 7/2007 492 invasive all
Sakai et al. 2011 [108] 1/2007 — 12/2009 115 invasive <15
Oishi et al. 2011 [109] 10/2007 — 12/2009 79 both children
South Korea Choi et al. 2008 [110] 1991 - 2006 444 both children
Song et al. 2009 [111] 2007 94 both all
Baek et al. 2011 [112] 2008 - 2009 329 both all
Southeast Asia
Singapore Hsu et al. 2009 [113] 1/2000 — 12/2007 192 invasive 14 - 96
Jefferies et al. 2011 [114] 2001 - 2006 86 invasive <16
Malaysia Le etal. 2011 [115] ?élzggt;ggz’l()g;d 2004) 151 both all
Yasin et al.2011 [116] 1/2008 — 12/2009 433 both all
Thailand Srifeungfung et al. 2010 [117] 1/2006 — 2/2009 214 invasive all
Baggett et al. 2009 [118] 5/2005 — 6/2007 74 invasive all
Laos Moore et al. 2010 [119] 1/2003 — 4/2009 33 invasive all
South Asia
Bangladesh Brooks et al. 2007 [120] 4/2004 — 3/2006 34 invasive <5
Saha et al. 2009 [121] 5/2004 — 5/2007 137 invasive <5
Arifeen et al. 2009 [122] 7/2004 — 6/2007 26 invasive <5
Sri Lanka Ministry of Health Sri Lanka, 2008 [123] 2006 - 2008 36 invasive <5
Nepal Williams et al. 2009 [124] 4/2005 — 12/2006 17 invasive 2m —59m
Kelly et al. 2011 [125] 4/2005 — 12/2006 34 invasive <12
Shah et al. 2009 [126] 11/2004 - 3/2007 28 invasive 2m -5y
Rijal et al. 2010 [127] 11/2004 — 12/2008 47 invasive 2m - 60m
Pakistand Zaidi et al. 2009 [128] 5/2005 — 4/2006 3 invasive <5
West Asia
Oman Al-Yaqoubi et al. 2011 [129] 9/2002 — 12/2007 85 both all
Turkey Percin et al. 2010 [130] 1/1998 — 7/2007 332 invasive all
Ceyhan et al. 2010 [131] 2005 — 2007 27 invasive children
Ceyhan et al. 2011 [132] 7/2008 — 2/2010 202 invasive <18
Palestine Kattan et al. 2011 [133] 1/2001 — 4/2010 120 invasive 1d-11y
Israel Somech et al. [134] 1/1999 — 12/2008 5236 non-invasive <5

aSpecific period of the sampled isolates included in the current analysis, might be only part of the original study conducted
®Actual number of serotyped isolates included in the current analysis

‘Invasive or noninvasive isolates

dPakistan is excluded from any of the analysis due to extremely low sample size (n=3)

Table 1: Studies included in this review reporting pneumococcal serotypes data from Asian countries.
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available for analysis in English and hence as such only these will be
presented in this review. Table 1 summarizes the details of all the studies
included in this review. The term National Immunization Program
(NIP) was used to refer to the childhood or routine immunization
program or equivalent throughout this review.

The combined percentage was calculated by summation of the
number of isolates for the particular serotype from each study (as
numerator) and divided by total number of isolates from each study

(as denominator), adjusted to percentage (%). For regional and overall
Asian estimations, respective data for countries/territories and regions
were used directly and calculated using the same method. The serotype
coverage of three licensed PCVs (PCV7, PCV10, and PCV13) was
estimated via summation of the combined values (PCV7: 4, 6B, 9V, 14,
19F, 23F, 18C; PCV10: PCV7 + 1, 5, 7F; PCV13: PCV10 + 3, 6A, 19A)
and includes the seven most common serotypes by country/territory,
regions, and Asia in total. The serotypes distribution and predicted
PCVs efficacy based on our analysis are listed under Table 2.

Country/ Territory Predominant Serotypes (%)? PCV coverage (%)
7- 10- 13-

East Asia (119 9F.9) (1141 ) ?1%.7) (2130':.4) z:;) ?6.4) f:fs) 569 1583 754
China® (1:?9':.1) Zfzfs) (1:.4) (273;) ?GB.S) 225.7) ?{‘7) 634 648 7938
Hong Kong® (1147.4) ?1%.1) ?11.7) 219 1F.3) 5130':.1) :3.4) 22) 5.9 593 758
Taiwan (1290F.1) (223;1) (61%.4) 214 6.8) ?6.3) 235.3) (223.A7\) 799 799 1898
e e e Ik, |
South Korea :290F.3) (213:_1) (119;,‘0) 2:_‘0) ?:7) :(?.9) (95\{0) 57.3 58.2 83.0
Southeast Asia (119:4) ?131_7) ::1_2) (273:) {1(?'3) z4_4) ?3.9) 49.9 56.5 69.7
Singapore (1245.2) ?1%.7) ?8.3) :'?.:) ?4.7) (2:';) }22) 54.0 586 741
Malaysia (1290':_7) 79?4) (1:'3) (263_;) 2;‘_8) (15_ 9 ?;8) 469 545 664
Thailand ?35.0) (213 3'.:.2) (119 oF.1) 2;.0) (1:3) ?4.5) ?;.‘5) 542|576 726
Laos }18.2) 512. 1) :;.1) (2;'1:) ?9.1) ?6.1) 303 1636 1667
Soutn i ton  Be B, & @A mEwer us w4 s
Bangladesh (212_2) }11_7) :84.6) 57_ 1) 272':;A ?51) (148(6:) 24.4 47.2 53.8
Sri Lanka (1292':.2) (213 ;7) ?12.9) :14 1.1) 252) ?5.6) ?58.6) 639 1639 1694
Nepal (127.8) ?11.9) 272;;A (25.6) (7::2) ?3.2) (139.2;0' 10130 143|571 8.7
Pakistan® (1:6':.7%) z33_3%) Not evaluated

st Asa O A R T R o8 55 768
Oman ?131.8) (119 1F.3) (213 1F.3) :;.1) ?;A.QL) ;5.9) (141./;;D 459 576 1659
Turkey Z18.9) (1191 1) (1'?.2) ?6.2) :54.3) ?4.5) (14?.1 ) 244 467 1562
Palestine ?1AI4.3) (114 3.3) (111.7) ?;2) 57.5) (1:.';) ?5.0) 50 775 1850
Israel (119 5F.2) (1144.4) (213 oF.1) (1;’:0) ?54) (6;.‘9) ?3.8) 536 593 1790
Asia :196':.2) (1142.1) (25’.5) (6:9) z%) ?4.8) ?L} 524|881 750

aSerotypes in bold-face only denotes PCV7-VT; bold-face and italic denotes PCV10-specific VT in addition to PCV7; bold-face, italic, and underline denotes PCV13-specific

VT in addition to PCV10
Refer to mainland China only

°Hong Kong is one of the Special Administrative Territories of China and is analyzed separately

dPakistan is excluded from any of the analysis due to extremely low sample size (n=3)

Table 2: Current trend in predicted effectiveness of PCVs and prevailing serotypes in Asia.
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As the way in which the respective authors reporting serotypes/
serogroups varied greatly among each other due to the serotyping
method adopted, we have reorganized them into appropriate groupings
to ease the analysis process and to standardize among all studies (e.g.
serotype 9A and 9L become 9A/L). Hence the serotype reported here
might differ slightly from the original paper but yet is accurately
defined. Individual study with minor serotypes/groups categorized
together as “other” was noted. Although these serotypes/groups might
differ between the respective studies, these are mainly minor PCV-
VT and the effect on the serotypes and PCVs calculations should be
negligible.

East Asia
China

Many studies concerning pneumococcal surveillance have been
reported throughout the years from China. The PCV7 was introduced
in China in September 2008. Six studies [94-99] were included to
describe the current situation of S. pneumoniae. Strikingly, serotype
19F alone accounted for approximately 40% of all isolates. Such pattern
of major dominance by serotype 19F or any other single serotype was
not observed anywhere in Asia and elsewhere in the world. The next
most prevalent serotype is serotype 19A which differs vastly from
serotype 19F by approximate three-fold in percentage. As a result,
the predicted efficacy for PCV7 and PCV13 are relatively high (63.4%
and 79.8% respectively), mainly due to the abundance of serotype
19F and serotype 19A. The coverage by PCV10 does not differ very
much from PCV7. Such dominance would be valuable from the
public health perspective as more than half of the incidences among
the Chinese can be prevented by just targeting two serotypes. Despite
this, other common serotypes including 14, 23F, 6B, 15, and 6A also
play important role in disease incidences as together, they accounted
for about 80% of all cases in China. In terms of ranking order, this
distribution is rather different (except 19F) from two previous studies
describing serotypes detected from pediatric patients with respiratory
infections [135,136]. Hence, the use of PCV13 is expected to produce
the optimal coverage for the Chinese population in general. The
remaining 20% is stratified fairly equally into more than 30 minor
serotype/groups including nontypable strains. No major difference
in serotype distribution and the PCV7 coverage was noted between
children <2 and those 2 - 4 years old [94,96]. The serotypes 19F, 19A,
6B, and 23F have been reported by Zhang et al. [98] to be associated
with the global predominant clones of ST271, ST320, ST90, and ST81
respectively. These clones were responsible for the highly-resistant
isolates within the individual serotypes.

In addition, significant difference in serotype distributions due to
geographical variations between different districts has been reported.
Eastern and Southern Central China were reported to have more
serotypes of PCV7 and thus PCV7 vaccination would be effective, but
the coverage in Northern region was noted to be lower presumably due
to lower presence of the vaccine types [97]. In another study, serotype
19A was commonly detected from northern regions but not southern
and eastern regions [96]. Of note, the prevalence of serotype 19A in
China had occurred even before the introduction of PCV7 [96].

As prescription is not compulsory, widespread use of antibiotics
is common in China. Because of this, the rate of PNSP remained
considerably high in China [97,98]. Although varied slightly between
studies, the rate of PNSP is generally 58% - 88% [94,95,97,98] and these
strains are likely to exhibit tolerability to other classes of antibiotics as
well [98]. The high antibiotic selective pressure could have contributed

to the selection of serotypes associated with resistance such as serotype
19A [94,97]. Serotype 19A has also been reported with high resistance
against cefuroxime [97]. In addition, serotype 19A and serotype 5 were
more invasive [94]. In contrast, serotype 19F was closely associated
with PNSP (87.3%) but was rather noninvasive [94]. Of note, both the
serotype 19F and 19A also exhibited higher (>50%) resistance against
amoxicillin-clavulanic acid and ceftriaxone, and have greater tendency
to become MDR strains [94] In China, the rate of MDR could reach up
to as high as 90% and have been frequently reported [94-96].

Hong Kong

Since Hong Kong is considered one of two Special Administrative
Territories (SAPs) of China, the serotype distribution will be evaluated
separately. Of note, the prevalence of serotype 14, 6B, 3, 19F, and 23F,
range from 17.4% to 10.1% and covers 63.6% of all isolates. PCV7 was
introduced in Hong Kong in October 2005 and was incorporated under
the NIP starting September 2009 [137]. PCV10 was made available in
August 2009 and PCV13 in May 2010. The efficacy of PCV7 and PCV10
is predicted to be substantial (56.9% and 59.3% respectively) while for
PCV13, 75.8% of the isolates were covered, mainly due to the inclusion
of serotype 3. Of note, serotype 5 though only present in minority was
reported to be highly resistant to erythromycin [101].

To evaluate the change in serotype epidemiology with the
introduction but prior to routine immunization of PCV7, Ho et al.
[101] conducted a multicenter study involving patients of all ages and
covering >90% of isolates from the districts involved. Several important
findings were noted where significant reduction was detected for
three of the PCV7-VT 9V, 23F, and 14. The drop was greatest among
children <5 years old (89.5% to 65.7%) while moderately in older adults
265 years old. Also, serotype distribution differed among age groups
at which serotype 6B was the commonest among the children while
serotype 3 was prevalent in adults. In addition, serotype 19A as well
as 6A, 6B, 14, 19F, and 23F were frequently linked to dual resistance
against penicillin and erythromycin. The rate of dual resistance
had increase from 44.1% to 64.2% in children <5 years of age in the
postvaccination era. Serotype 14 was the only serotype equally common
across age groups. In contrast, the prevalence of PCV7-NVT 7F and
19A have seen significant increased but no change was noted with the
PCV13-NVT over time. For this reason and also to provide additional
protection against pneumococcal infections, a switch to the PCV13 to
replace PCV7 is being considered [138].

Gradual increase in penicillin resistance strains since 1990s in
Hong Kong was linked to the MDR clones, Spain23F-1 and Spain6B-2
[139,140]. In the mid 2000s, the incidence of PNSP was reported to be
between 46 — 66% [141]. In recent years, the percentages of PNSP was
still high (50% - 65%) and the nonsusceptibility to erythromycin and
tetracycline were even higher (76% and 62% respectively) [100,102].
On the contrary, resistance to cefotaxime was lower (17% - 38%) while
all strains were fully susceptible to vancomycin and fluoroquinolones
(except ciprofloxacin at 2.3%). Expansion of the Spain ST320 clone had
contributed to the rises of serotype 19A [101].

Taiwan

Since the data reported by Hsieh et al. [142] represent part of their
earlier work in 2008 (64/68, except 4 new isolates), we evaluate the
serotype distribution based solely on the initial study [104] to avoid
redundancy. The four predominant serotypes in Taiwan, serotype 19F
(20.1%), 23F (20.1%), 6B (18.4%), and 14 (16.8%) accounted for three
quarters (75.3%) of the cases. Because of this, the efficacy of PCV7 is
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exceptionally high (80%) among the Taiwanese population. PCV7
was licensed in Taiwan in October 2005. No additional protection
is conferred by PCV10 due to the absence of PCV10-specific VT in
Taiwan while PCV13 gave an additional 10% in coverage. Thus, great
majority of the pneumococcal disease incidences among the Taiwanese
population could have been prevented by the use of PCVs. Moreover,
the efficacies of all three PCVs are highest in Taiwan as compared to
other Asian countries.

Serotype 14, 23F, and 6B were reported to be associated with
pneumonia, bacteremia, and meningitis, respectively [142]. A number
of serotypes which were linked to the internationally-disseminated
clones, namely England serotype 14 ST9, Spain 23F ST81, Spain 6B
ST95, Colombia 23F ST33, Taiwan 19F ST236, and Taiwan 23F ST242
were widespread in Taiwan and responsible for approximate half of
all invasive isolates [142]. The prevalence of resistant serotype 19F in
Taiwanese children was attributed to the expansion of Taiwan 19F
ST236 [142]. Beside the international clones, the penicillin-resistance
clones ST876, ST46, ST76, and ST2889 were recently identified in
Taiwan and believe to be the main invasive clones prevailing among
the children [142]. Higher invasive tendency of certain serotypes have
also been reported [143]. In particular, serotype 14 was well recognized
for its invasiveness and IPD causing ability [144-147].

The problems of penicillin- and macrolide-resistant S. pneumoniae
have long been recognized in Taiwan [144,145,148]. High resistance
to erythromycin and penicillin were constantly reported [104] and
cephalosporin resistance has also been reported since 2005 [149]. This
pattern of resistance was related to geographical distribution of the
isolates as well [104]. On the contrary, susceptibility to coamoxiclav,
vancomycin, and fluoroquinolones (lovofloxacin, moxifloxacin,
gemifloxacin) were high.

Japan

Japan has very well-established coordinated surveillance network.
This is seen with a number of recent studies involving multicenter,
single prefecture [105], large multicenter-multiprefecture [108], as well
as two nationwide surveillances [106,107]. Of course, separate single-
centered study that also provided valuable finding [109]. The overall
predominant serotypes based on these five recent studies are as follow:
serotype 6B, 3, 19F, 14, 23F, 12F/A, and 6A. The predicted PCV7
effectiveness among the Japanese would be 42.8%, 55.2%, and 71.7%.
If serogroups 6 and 19 which were nondifferentiated by Suzuki et al.
[105] were included, further 11.2% additional coverage is expected
for each PCV. In February 2010, PCV7 was available in Japan and
has become the routine immunization recently in 2011. We do not
observe serotype 19A in Japan to be as common as in other East Asian
countries. However, two individual studies [107,109] had pointed
out the relatively high incidence of serotype 19A (approximate 6% -
13%) and this rate was higher than the Western countries during the
prevaccination era [43,55,56,150]. Hence, this warrants the continued
monitoring of the serotype epidemiology in Japan.

Sepsis was the more common cause of IPD among the Japanese
(46.2%), followed by pneumonia (31.5%) and meningitis (17.5%) [107].
Serotypes 19F, 14, and 6A were the predominant serotypes in pediatric
community-acquired pneumonia [151]. Remarkably, great majority
(92%) of pediatric IPD cases were children aged <4 years of age [107].
Meningitis was most frequent during infancy period (<12 months)
and it has been predicted that PCV7 and PCV13 shall protect 70.6%
and 82.4% of the cases [108]. In addition, the four most predominant
serotypes from our analysis above (except serotype 3) also represent the

common serotypes responsible for pediatric meningitis as reported by
Sakai et al. [108]. On the other hand, two third of strains isolated from
children with AOM aged <2 years were PNSP.

The higher penicillin tolerability in serotype 19F and 23F might be
the factor contributed to the higher penicillin resistance among AOM
isolates obtained from the younger children [106]. Similar finding was
reported in Niigata prefecture at which the PNPS rates in serotype 19F
and 23F were as high as 92.9% and 84.6% respectively [109]. Other
important PNSP serotypes noted were 6B (73.3%) and 14 (100%, n=4
only), respectively [109]. Among the PNSP, serotype 19F has the largest
proportion of PRSP (61.5%) as compared to 23F (18.2%) and 6B (9.1%).
In contrast, the prevailing PSSP serotypes were 19A (n=6/10) and 33F
(n=2/2, low sample size) [109]. This suggests the clear difference in
serotype distribution between PSSP and PRSP serotypes. However, this
does depends on the study methodology adopted as Suzuki et al. [105]
had observed no significant association between PNSP with specific
serogroups. Hence, the relationship between these two determinants
remained elusive.

Interestingly, although penicillin-resistance has observed gradual
increase since 1998 in Tohoku, the incidences then fell slightly recently
following the peak in 2004 [105]. The underlying PNSP serogroups 19
and 23 persist steadily over years, but serogroups 6 and 14 becoming
less common since 2002. Close association among serotypes and STs
were observed [108]. The high heterogeneity of STs (especially among
the dominant serotypes/groups) as well as the proportion of novel ST's
in Japan were also reported by Jefferies et al. in Singapore [114], High
homogeneity in DNA restriction patterns were noted among strains of
same resistance genotype, thus strongly indicates that the widespread
were originated from a few parent strains to distant areas [107].

South Korea

Similar to China, serotype 19F is the most common (20.3%) in
South Korea while. serotype 23F ranked second with 6% lower in
percentage. Other serotypes include 19A, 6A, 6B, 14 and 9V and these
are the seven most common serotypes which cover 76% of the isolates.
PCV7 and PCVI10 are expected to provide coverage to more than
half (57% - 58%) of the isolates. On the other hand, PCV13 confers
significant enhancement by 25% in addition to PCV7 and PCV10
which is largely due to the inclusion of serotype 19A and 6A.

Most of the children from urban areas have received PCV7
vaccination since the introduction of PCV7 in November 2003 [111].
Significant reduction in PCV7-VT such as serotype 19F and 23F and
an increase in PCV7-NVT have been well-documented in South Korea
[110-112]. However, no reduction in prevalence of serotype 14 was
observed and this serotype was mainly related to the presence of the
CC554 clonal complex [112]. Although the actual reasons were not
clearly stated, the lower effectiveness of PCV7 against serotype 14 led
to the postulation of the possible existence of undiscovered serotype
14 subtypes [112]. This is similar to the recent discovery of serotype 6
subtypes (6C and 6D) that responded differently to the PCV7 due to
cross-reactivity from VT 6B.

Serotype 19F showed diverse genotypic heterogeneity whereby as
high as 18 STs were found to associate with this serotype and ST271
represented the dominant clone [110,111]. In contrast, increasing
prevalence of the PCV7-NVT serotype 19A postintroduction was
essentially due to the underlying single clonal expansion of ST320
[110,111]. In fact, all recent serotype 19A isolates were ST320 based on
a study performed by Song et al. [111]. Furthermore, prevaccination
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expansion of serotype 19A due to ST320 has been reported [110].
Interestingly, ST320 has also been detected in serotype 19F and the
author hypothesized that ST320 might have been originated from the
serotype 19F dominant clones ST271 or ST236 [110]. These clones
are already in existence in South Korea for the past two decades ago
[152]. Unlike serotype 19F, genotypes of serotype 19A were much
less diverse [110]. In addition, the inherent MDR property of ST320
probably had conferred additional survival advantage to serotype 19A
against antibiotic selective pressure rendering the continued expansion
of this serotype even with widespread antibiotics usage in South Korea
[110]. This has also contributed to the domination by ST320 over other
serotype 19A genotypes such as ST1374 which were less resistant to
beta-lactam antibiotics [110].

On the other hand, the increase in serotype 6A has also been noted
and was related to ST81 genotype or its single or double locus variants
[112]. Interestingly, this serotype 6A-ST81 association was only
reported in and widely distributed in South Korea [111,112]. The same
was observed with serotype 6B-ST282 and this genotype has become
the dominant clone of serotype 6B [112]. Unlike serotypes 19F and
19A, no common ST was found between 6B and 6A.

Southeast Asia
Singapore

PCV7 was introduced in Singapore in October 2005 and later
be incorporated under the NIP in November 2009 [153] thus the
data represent the baseline serotype distribution prior to large scale
vaccination in NIP, and the five most common serotypes in Singapore
are serotypes 14, 6B, 3, 19F, 8, 23F, and 19A, which account for 67.7%
of IPD cases. The proportion of the most dominant serotype 14 is
about two-fold higher than the second serotype 6B. The serotypes
distributions observed in these studies [113,114] were comparable to
previous study by Chong et al. [154]. No significant fluctuation with
regard to the serotypes associated with PCV7 and PPV23 was observed
throughout the years [113], partially due to the fact that PCV7 has not
been incorporated under the Singapore NIP.

Recently, Jefferies et al. [114] reported data on clonal relationship
among the IPD isolates using MLST. The predominant STsin decreasing
order were: ST9 (12.8%), ST156 (7.0%), ST236 and ST90 (5.8% each).
Two of the predominant serotypes, 14 and 6B displayed widest
genotypic heterogeneity with 15 and 14 STs respectively. In addition,
studies conducted earlier by the same group in UK [80,155] also showed
high number of serotype 14 as well as the high heterogeneity (12 STs)
of this serotype. Such occurrence can be attributed to, in part, the
genomic dynamicity which facilitates the adaption of the strain against
drug selective pressure [156]. High percentage (32%) of the reported
genotypes were indeed novel STs, suggesting potential undiscovered
STs in Singapore as well as the SEA region [114].

Malaysia

In Malaysia, serotype 19F predominated the population at the rate
of 20.7%, followed by serotype 6B (9.4%), 19A (6.5%), 23F (6.3%), 14
(5.8%), 1 (5.3%), and 6A (3.8%, not differentiated 6B/A in our previous
study [115]). These serotypes accounted for 57.9% of the circulating
serotypes in Malaysia. Moderate proportions of these common
serotypes are covered by PCVs, giving the rate of PCV7, PCV10, and
PCV13 to 46.9%, 54.5%, and 66.4% respectively. This is probably due
to the large overall non typable and agglutinated isolates that constitute
about 14.7% of all the isolates analyzed. This is of concern as it indicates
the presence of a number of NVT as well as those uncommon/

undiscovered serotypes not usually identified and not contained in
the PCVs. Hence, the overall effectiveness of PCVs among the local
population could be affected considerably.

The changes in the prevailing serotypes have been observed
among the Malaysian population. As mentioned by Yasin et al. [116],
remarkable increment of serotypes 6A, 19F, and 19A have been
observed since 1995/96 based on data from a multicenter surveillance
study done by the same group [157]. The concomitant reduction in
serotype 1 was noted as well. The rate of PNSP stains in Malaysia range
from 33% - 50% [115,116]. Serotype 19F was the commonest serotype
detected from PNSP strains [115,116] and this serotype had been
found to be significantly associated with strains of higher resistance
against penicillin [115]. In term of invasive serotypes, Yasin et al. [116]
reported that the common invasive strains were serotypes 6B, 19F, and
1, while our previous study [115] reported differing serotypes which
were 19F, 19A, and 23F. Despite this, it was noted that majority of
serotype 19A strains were invasive [115,116] while serotype 19F was
frequently detected from noninvasive site [115]. As high as 81% of
isolates obtained from children <5 years of age were noninvasive [115].
Besides that, those at the extreme age (<5 and 260 years old) were
commonly infected with pneumococcal disease [115,116]. Among
these age group, serotype 19F was the predominant serotype [115].

Thailand

Two recent studies have reported serotype distributions in
Thailand: one covering the heavily-populated urban area in central
Bangkok (Bangkok, Nakorn Pratom, and Nonthaburi) [117] and
another covering two rural areas (Nakhon Phanom and Sa Kaeo
bordering Laos and Cambodia, respectively) [118]. The most common
serotypes based on data from these two studies are 6B (16.0%), 23F
(13.2%), 19F (10.1%), 14 (9.0%), and 19A (6.9%), 3 (4.5%), and 6A
(3.5%), responsible for 63.2% of all. Overall, the coverage for PCV7
and PCV10 are around 56% while PCV 13 has better coverage at 72.6%.
It was reported PCV7 covered 70.3% of the invasive isolates from Thai
children <5 years of age [117], with serotype 6B and 23F highest at
21.9% each, 14 (17.1%), 19F (6.2%), 4 and 9V (1.6% each). Serotype
19A (7.2%) was the highest non-VT strains, followed by 6A (3.6%).

The distribution of VT remained fairly stable although with
the introduction of PCV7 since June 2006, probably due to the low
vaccination rate among the population. The low coverage rate of
PCV7 especially among the low- and middle-income families is mainly
attributed to the high cost of PCV7 vaccination (~122 USD/ dose) [5]
and competing interest from other vaccines under the NIP [118]. The
newer generations of PCV (PCV10 and PCV13) are predicted to confer
greater coverage (84% and 95% respectively).

The penicillin- and ciprofloxacin-susceptibility were high in
Thailand, but at the same time the resistance to cotrimoxazole (55%)
was also high in Thailand [117,118]. Prevalence of PNSP has been
steadily increasing over the years from 63% in 1997-1998 [158] to
69% seven years later [159]. The rate climbed further to as high as
73.8% among non-invasive isolates in young children recently [117].
Fortunately, most antibiotic-nonsusceptible strains belonged to the
PCV7-VT [118] and approximately 83% and 100% of PNSP and
cefotaxime-nonsusceptible strains were covered under the PCV7
formulations [117]. From the same study, the author also expressed the
concern on the detection of cefotaxime-nonsusceptible strains because
cefotaxime has been the main treatment choice for pneumococcal
meningitis in Thailand.
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Laos

Study on pneumococcal disease burden in Laos is extremely
limited. The first study was only reported in year 2006 by Phetsouvanh
et al. [160] and recently by Moore et al. [119] in year 2010, both based
in Ventiane, the capital city of Laos. Only data from the latter study
was discussed in this review as the sampling period of the former one
was during year 2000 — 2004. The most prevalent circulating serotypes
in Laos are 1 (18.2%), 5 (12.1%), 14, 23F and 6 (9.1% each), and 4
(6.1%). All other detectable serotypes/groups had only one isolate
(3.0%). Although serotype 1 is generally recognized as the “outbreak”
serotype [161-163], the author found no linkage between serotype
1 and any disease outbreak among the patients examined [119].
Interestingly, serotype 19F that is highly prevalent in other Asian
countries especially Malaysia, Singapore, and Thailand, as mentioned
earlier in this review was not a frequent serotype in Laos. The predicted
PCV7 coverage (assuming 6A/B/C to be PCV7-VT) is 39.4%. However
it is predicted that the coverage rate increase dramatically to 63.6% if
PCV10 is used and a further 3% if PCV13 is used. Based on these data,
PCV10 instead of PCV7 might be the potential vaccine candidate to
be considered. However, due to the low sample size (n=33), continued
monitoring of serotype distribution in Laos is urgently needed to
provide comprehensive data. Apart from this, the isolates exhibit full
susceptibility to ceftriaxone and ofloxacin while 61% of the isolates
were resistant to cotrimoxazole.

South Asia
Bangladesh

Three recent studies [120-122] have conducted extensive
population-based studies on pneumococcal serotype distribution
involving countrywide coordinated surveillance of both urban and
suburban areas in Bangladesh. We noted that the above mentioned
surveillances have in common investigated the IPD burden among
young children <5 years of age. Since seeking healthcare services in
the course of infections is rather uncommon, thus active population-
based surveillance is important and would better reflect accurately
the pneumococcal disease burden in Bangladesh [122]. The estimated
overall incidences of IPD is 86 cases per 100 000 child-years of
observation [122]. Among those <5 years of age, respiratory tract
infections is the main manifestation and more than 90% of total
pneumococcal isolates were obtained from children <24 months old
[121]. Of note, since all three studies reviewed here had not involve
any older age groups (=5 years old), thus the data is skewed towards
the young children.

The current prevailing serotypes (in decreasing order) are as
follows: serotype 2 (12.2%), 1 (11.7%), 14 (8.6%), 5 and 12 F/A (7.1%
each), 45 (6.1%), and 18C (4.6%). All other minor serotypes/groups
were sparsely distributed at <4.1%. From our analyzed data, we express
a concern over the efficacy of PCV among the Bangladesh populations;
As all recent studies examined specifically the young children, which
are also the PCV-targeted group, only two (serotype 14 and 18C) of
the PCV7-VT are found among the seven most prevalent serotypes but
merely at the rate of 13.2% in total. Thus, the low efficacy of PCV7
among Bangladeshi children (24.4%) is expected. Compared to all
other Asian countries, the coverage of PCV7 is more than two-fold than
in Bangladesh (except Nepal, Laos, and Turkey). Even with PCV13,
additional of 29.4% to 53.8% coverage rate is still comparatively low.

The more striking finding from the analysis is that a number of
uncommon and non-VT is remarkably abundant here. For example,

serotypes 2, 45, and 38 are responsible for 20.8% of the cases. The
highly abundant serotype 2 as well as 45 is rather unique to Bangladesh
as reports of these serotypes from other Asia countries is extremely rare
which usually present as minor strains (not more than 5% rate). Serotype
2 has almost never been detected from the developed countries [92]. In
addition, this serotype has undergone stable expansion in Bangladesh
since 1992 until now [121,164,165]. Importantly, it should be noted
that this expansion of serotype 2 is not due to “serotype replacement”
as PCV usage is still low in Bangladesh [122]. Although it has been
predicted that widespread use of PCVs can prevent >1 million pediatric
pneumonia cases in Bangladesh [120], the low coverage rate of PCV's
shall mean that pneumococcal infections might not be efficiently
controlled by PCVs among the Bangladesh population. In comparison,
the coverage for pneumonia and bacteremia by PCV10 and PCV13 is
better than meningitis serotypes [121]. The serotype distribution in
Bangladesh has observed noticeable changes over time. Serotypes 1,
2, and 5 are emerging while 12F and 15B are becoming less common
[121].

In contrast to China, South Korea, and Taiwan, and others, in
Bangladesh, susceptibility of S. pneumoniae to penicillin is high (>84%),
as well as to chloramphenicol (>85%), and ciprofloxacin (>96%,
except for the 76% rate reported by Brooks et al. [120]) [120-122]. No
significant change in penicillin and chloramphenicol susceptibility was
observed over the past decade [164,166,167] In contrast, susceptibility
to cotrimoxazole is low (<28%) which was demonstrated by a previous
study [164]. This was reasoned to be due to widespread use of
cotrimoxazole by community healthcare workers [121]. Nevertheless,
use of cotrimoxazole as the main therapeutic agent is still in practice
even though amoxicillin has been proposed to be the better drug with
superior efficacy [166,168]. This is partly due to the arguable in vitro
susceptibility profile and the treatment outcomes [169].

Sri Lanka

Sri Lanka is one of the members of the South Asian Pneumococcal
Surveillance (SAPNA) network and the pneumococcal surveillance
project in Sri Lanka is managed by the Epidemiology Unit of Ministry
of Health Care and Nutrition of Sri Lanka [123]. Encouraging efforts to
control significant morbidity and mortality was undertaken by the Sri
Lankan policymakers. Although PCV7 is available, low vaccine coverage
rate among the population is expected considering the high cost of the
dose. Focus is now on pneumococcal vaccination but we need to note
that the NIP (termed Expanded Programme of Immunization, EPI)
in Sri Lanka is self-funded, thus ample data on pneumococcal disease
burden and vaccine coverage must first be collected so as to provide
adequate assistance towards policy and decision-making processes.
Hence, joining the SAPNA in 2004 greatly reflected the desire of the
Sri Lankan government to take a step further to improve the healthcare
of the population.

The serotype prevalence was estimated based on the latest report
(with additional isolates) by the Epidemiological Bulletin of Sri Lanka
in 2008 [123] as data published by Batuwanthudawe et al. [170]
constituted part of the work. Important findings underlined in both
reports are discussed. Four of the most prevalent serotypes are all
included under the PCV7, giving the predicted efficacy among the
children <5 years old (subject population of the study) to be 63.9%.
The distributions order are: serotype 19F (22.2%), 23F (16.7%), 6B
(13.9%), and 14 (11.1%). Thus, the PCV7 and newer PCVs would
be highly effective for Sri Lanka. Together with serotype 15B (8.3%),
3 and 38 (5.6% each), these seven serotypes accounted for the great
majority (83.3%) of the isolates detected. However, the sample size
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(n=36) is still small and continue surveillance is needed. Similar to
Bangladesh, the pneumococcal isolates exhibited high tolerance to
cotrimoxazole (69.7%) and high susceptibility to chloramphenicol
(72.7%), but differ significantly with regard to the rates of penicillin
(90.9%) and erythromycin (66.7%) nonsusceptibility. The overly high
resistance to penicillin is of concern and the situation is closely similar
to countries from the East Asia. Serotypes 19F and 23F were closely
associated with penicillin-resistance which has contributed to the high
PNSP rate observed [170]. However, the antimicrobial susceptibility
of the isolates has not been analyzed for correlation with regard to the
serotypes.

Nepal

Nepal is one of several countries in the world with a high
poverty rate. It was estimated that one over three of the population
are living below the poverty line [171]. Nepal is among 72 countries
qualified for financial support from the Global Alliance for Vaccines
and Immunization (GAVI) alliance. The data was analyzed based
on surveillance studies by four research groups, two based in Kanti
hospital [126,127] and two based in Patan hospital [124,125]. Both
hospitals are situated within Kathmandu of Nepal and are the only two
hospitals providing pediatric health care services. The most common
serotypes are serotypes 1 (27.8%), 5 (11.9%), 12F/A (7.9%), 2 (5.6%),
7F, 4, 19B/C and 16/36/47 (3.2% each). None of the PCV7-VT appears
as single dominant group, which gives a low (14.3%) predicted efficacy
for PCV7 and also the lowest among all other Asian countries. This
coverage is much lower than Bangladesh. Since both countries resided
within the same region, it could possibly be due to geographical or
demographical relationships between them leading to such observation.
Despite this, a drastic increase in 42.8% coverage of PCV10 which is
higher than Bangladesh is estimated with the inclusion of serotype 1,
5, and 7F. PCV13 has only minimal (1.6%) additional coverage due to
serotype 19A alone. In this case, at least PCV10 or PCV13 should be the
vaccine to be considered by the Nepal local policymaker since PCV7 is
not expected to give sufficient protection to the population. Of note,
pre-hospital antibiotic use could affect the isolation of pneumococci
from the specimens which resulted in underestimation of actual
pneumococcal incidences in Nepal [124-127]. In addition, the authors
have noted the high incidences of pneumococcal diseases among young
children in Nepal [172].

All except one [125] study documented the antimicrobial
susceptibility of S. pneumoniae in Nepal. The only antibiotic that
showed considerable resistance is cotrimoxazole, which exhibit
>48% reduced susceptibility. This overwhelming resistance was also
reported in Bangladesh and Sri Lanka, largely due to the low cost,
easy availability, and frequent prescription of cotrimoxazole by the
attending doctor in this region [124,126,127]. Hence cotrimoxazole
exhibited significantly higher resistance as compared to other class of
antibiotics. Other antibiotics including penicillin, chloramphenicol,
erythromycin, and cefotaxime remained highly effective against the
strains tested, with susceptibility of more than 95%, 89%, 92%, and 96%
respectively [124,126,127] due to infrequent use of these drugs in Nepal
[126]. Low incidence of penicillin-resistance has also been reported in
central Europe [173,174].

Pakistan

Due to the extremely low pneumococcal sample (3/15 available
for serotyping) in the only Pakistani study by Zaidi et al. [128], the
data could not accurately represent the IPD serotypes circulating in
the population and thus was not included in our analysis to avoid

extreme bias. Nevertheless, several important findings outlined were
noted. The detection of two serotype 19F and one serotype 1 out
of the three isolates might indicates that these serotypes are more
frequently detected among the population. Pneumonia is responsible
for the more serious public health problem as compared to meningitis
in Pakistan. More than 1 million cases and approximate 135 600
deaths in Pakistan were attributed to pneumonia annually. These two
serotypes are included under the PCV7 (19F) and PCV10 (19F and 1)
formulations. Similar to Nepal, Pakistan is one of the countries eligible
for GAVI financial support. Although the current data is insufficient to
evaluate the PCV efficacy, the author estimated that assuming PCV7
is incorporated under NIP with 50% protection efficacy against VT
detected from the meningitis cases, the use of PCV7 will not only save
the young children life but at the same time provide financial burden
reliefs to the individual and the government as a whole.

West Asia

Oman

The coverage of PCV7 among the Arabian Peninsula and Egypt
was estimated to be 49% - 83% [175]. Data based on the only available
study by Al-Yaqoubi et al. [129] showed that about 46% of the diseases
isolates in Oman was covered by PCV7. The impact of PCV13 is of little
additional effect (3.1%) as compared to PCV7. However, high coverage
(62.6%) of PNSP by PCV7 represents an additional benefit for reducing
the incidence of penicillin-resistance in Oman. A total of 60.0% of the
pneumococci obtained from various specimens of patients of all ages
were serotype 6B (11.8%), 19F (11.8%), 23F (11.8), 14 (7.1%), 9A/L
(7.1%), 1 (5.9%), and 11A/D (4.7%).

Turkey

S. pneumoniae was recognized as the predominant bacterial
pathogen implicated in community-acquired sepsis in central region
of Turkey where the mortality rate in adults could reach up to 50%
[176]. About one third of bacterial meningitis in Turkish children was
attributed to pneumococci [177]. High percentage of Turkish invasive
strains were obtained from CSF specimen and these meningitis isolates
were significantly associated with penicillin resistance in children but
not adults (p < 0.05) [130]. No other relationship between serotypes
and invasive sites was found. However such studies were few and need
further substantiation.

The PCV7 was introduced into the Turkish NIP in November 2008.
Of the three studies included [130-132], one involved data reported
during and after the routine immunization [132]. The estimation based
on specific serotypes showed that PCV7, PCV10, and PCV13 coverage
are relatively low among Turkish with 24.4%, 46.7%, and 56.2%
respectively. However, if we included the percentages of the serogroups
19, 18, 23, 6, and 7 reported by Percin et al. [130] and one serogroup 6
isolate by Ceyhan et al. [132] into the estimations, the coverage will be
enhanced by more than 20% to 45.5%, 70.6%, and 80.0% respectively.
The superior coverage by PCV10 and PCV13 over PCV7 are clearly
evident despite the slightly overrepresented values due to the non
differentiated serogroups. The comparatively high coverage by PCV10
and PCV13 are mainly attributed to the high prevalence of serotype
1 (18.9%), which is also the predominated serotype in Turkey. Other
common serotypes detected are serotypes/groups 19 (11.1%), serotype
19F (7.8%), 3 (6.2%), 14 (5.3%), 4 (4.5%), and 18 (4.1%). Compared to
a previous study by Firat et al. [178] which detected a large proportion
of serotypes/groups 23, 19, and 14, serogroup 14 had become less
common while serogroup 23 was not even a common serogroup.

J Vaccines Vaccin

Pneumococcal Vaccination

ISSN:2157-7560 JVV an open access journal



Citation: Le C, Yusof MYM, Sekaran SD (2011) Current Trend in Pneumococcal Serotype Distribution in Asia. J Vaccines Vaccin S2:001.

doi:10.4172/2157-7560.S2-001

Page 10 of 16

However, the study focused only on pneumococcal meningitis isolates
hence the differences might also be due to the type of isolates sourced
from patients. The NVT serogroups 15 and 20 are responsible for 10%
of invasive diseases among children <3 years old [130].

Ceyhan et al. [131] estimated that PCVs are predicted to be highly
effective among children <2 years old, covering all cases (100%) with
the use PCV13 but the effect was lower among the older aged children.
Serotypes/groups 6, 14, 19, and 23 were also found to be associated
with PNSP strains [176,178-180]. Of these serogroup 19 was frequently
detected from children <2 years old but the proportion gradually
reduced with increasing ages up to <18 years old with the majority
(66.2%) of PNSP being detected in younger children [132]. It was
surprising that the rate of penicillin resistance remained fairly low (6%
- 13%) despite the easy availability even without prescription in Turkey
[130,181]. The rising incidence of PNSP in Turkey had been reported
previously [182]. In a separate study by Telli et al. [181], serogroup
19 was the largest group detected among macrolide-resistant S.
pneumoniae. In addition, a significant proportion (35.3%) of the
MDR strains showing resistance to penicillin and/or cotrimoxazole
belonged to serogroup 19 [130]. Based on the experience in US and
Europe, decrease of PNSP as well as other antibiotic-resistant strains
in Turkey is expected with the routine immunization [49,183]. Whilst
resistance to cefotaxime, chloramphenicol, vancomycin, tetracycline,
and fluoroquinolones (levofloxacin) were low (<5%), macrolide
(azithromycin, erythromycin) and cotrimoxazole resistances are high
(>35%) [130,181]. A number of studies had similarly found ermB to
be the dominant macrolide-resistant genotype [181,184,185] but no
clonal dissemination of the macrolide-resistance strains were detected
[181].

Palestine

Serotypes 6A/B (14.2%, not differentiated), 14 (13.3%), 1 (11.7%),
9V (9.2%), 5 (7.5%), 19F (6.7%), and 4 (5.0%) are among the common
serotypes, accounting for 67.5% of all isolates reported in Palestine.
Fortunately, five of these dominant serotypes are covered by PCV7
(assuming 6A/B as VT) and all seven are covered by PCV10. Hence,
this reflects the potential high efficacy of PCVs among the Palestinians.
PCV7 coverage is estimated to be 55.0% (including serogroup 18) while
PCV10 and PCV13 cover 77.5% and 85.0% of the isolates, respectively.
The prevalence was predicted based on patients <11 years old suspected
with sepsis or endocarditis, but no meningitis or pneumonia cases were
included due to the rare occurrence of these infections in Palestine
[133]. Overall, all were susceptible to vancomycin and almost all
(98.3%) of the isolates were susceptible to penicillin and ofloxacin
[133]. In contrast, susceptibility to erythromycin and cotrimoxazole
were lower at 68.3% and 38.3% respectively and serotype 14 was indeed
responsible for majority (75%) of the less susceptible isolates from
these two classes of antibiotics. This is further supported by the fact that
53.3% of serotype 14 isolates were resistant to two or more antibiotics
[133].

Israel

A study performed by Somech et al. [134] investigated into the
serotypes causing pediatric AOM in Southern Israel. Although the
isolates under studied were from noninvasive middle ear fluid and does
not represent the more invasive serotypes, the data was used to reflect
partly the current overall serotype distribution in Israel. Based on the
data, the most common serotypes, serotype 19F (15.2%), 14 (14.4%),
23F (10.1%), 19A (10.0%), 6B (7.4%), 6A (5.9%), and 3 (3.8) accounted
for two thirds of the isolates. Apart from the PCV7-VT, the PCV13

specific serotypes were also listed among the major serotypes. PCV7 has
been incorporated under NIP since July 2009. The predicted PCV7 and
PCV10 effectiveness among the Israelis are 53.6% and 59.3% respectively
and the proportion is further enhanced by approximately 20% with
PCV13, mainly due to the inclusion of three prevailing PCV13-VT.
Children under 2 years of age accounted for the great majority (90%)
of AOM patients among all children aged 5 and less [134]. The author
noted the ethnic-dependent differences in serotype distribution, where
serotype 14 was common among the Jewish children but serotype
19F was the dominant one among Bedouin children [134]. Thus, the
predicted PCVs coverage also differed between them with Bedouin
children having 10% lower protection than the Jewish children. On the
other hand, reduction in cotrimoxazole nonsusceptibility over years
was accompanied with the concurrent increase in macrolide-resistance
as well as the proportions of MDR strains [134]. This is speculated to
be due, in part, to the decreased usage of cotromoxazole in southern
Israel. Similar findings have been reported by previous studies [186-
188], however, no significant changes over the years have been observed
with penicillin nonsusceptibility. Despite this, the considerably high
proportion of macrolide-resistance and MDR strains covered by
PCV13 represent a strong supporting factor for the potential shift to
PVCI13 in the future.

Discussion

All the data reviewed here showed the latest five year trend of
the prevailing serotypes causing various invasive and noninvasive
pneumococcal diseases in Asia. Unlike the US and many European
countries, most of the countries in Asia being reviewed here, have
PCV7 introduced but not yet into the NIP. Hence the data are likely to
reflect the baseline serotype distribution with minimal changes due to
the vaccine’s selective pressure on serotypes.

Although PCV7 is introduced in Asia, only a small number of
countries have officially incorporated the vaccine into the NIP (based
on data available only for 17 countries). The overall PCV7, PCV10, and
PCV13 coverage predicted are 52.4%, 58.1%, and 75.0%, respectively.
If we include the nondifferentiated serogroups, the coverage increases
slightly to 54.8%, 60.6%, and 77.5% respectively. The addition of
serotypes 3, 19A, and 6A into the PCV13 formulation are expected to
confer higher protection with the number of serotypes included, but
this specific formulation is proven to be of exceptional performance
at which as much as 17% increase in coverage as compared to PCV10
has been observed. On the other hand, PCV10 has comparatively little
advantages effect over PCV7 with only a 5.7% increase in coverage.
In Asia, about half (54.2%) of the disease burden is said to be due to
serotypes 19F, 14, 23F, 6B, and 19A. This is followed by serotypes 3 and
6A which further covers 9.2% of the incidences. Fortunately, all these
prevailing serotypes are formulated in the currently available PCVs,
mainly in the PCV7 and PCV13. Although large numbers of diverse
serotypes/groups were detected, only three serotypes predominate
in Asia. Serotype 19F represents the dominant serotype in majority
(7 out of 16) of countries/territories which included China, Taiwan,
South Korea, Malaysia, Sri Lanka, Pakistan, and Israel. On the other
hand, serotype 1 is the most prevalent in three countries, Laos, Nepal,
and Turkey. This serotype is commonly found in developing countries
[10,92] and together with serotype 5, they are widely recognized as
“developing country serotypes”. The special features with serotype 1
are that it is invasive and is frequently associated with outbreaks [161-
163]. However, there is no evidence of outbreak reported in any of the
studies reviewed here and this therefore needs further substantiation
with its relatedness to outbreaks. It is possible that serotype 1 has
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become a persistent serotype in the populations like other serotypes
but this requires further supporting studies. Apart from this, serotype
6B is more prevalent in Japan and Thailand (serotype 6A/B in
Palestine) while serotype 14 is more prevalent in Singapore and Hong
Kong. Notably, Bangladesh is the only country with high prevalence of
serotype 2.

Since the serotype distributions displayed remarkable difference
by geographical location [96,97], it is important to examine this from
the perspective of regions where the particular country is located in.
In the East Asia and SEA regions, it is interestingly to note that both
have almost same serotypes prevalence order for serotype 19F, 14, and
6B, 23F, and 19A, differing only with the ranking order of serotype
14. Moreover, a similar pattern is observed in West Asia ranking of
serotypes 23F, 19A, and 6B. In contrast, the serotype distribution is
quite different in the South Asia region. As observed apart from
serotype 1, other prevalent serotypes such as 2, 5, and 12F/A are rare in
SEA, East Asia (only serotype 12F/A at 4.4% in Japan), and West Asia
(only serotype 5 at 7.5% in Palestine). For serotype 1 which is the most
prevalent serotype in South Asia, it is less frequently detected elsewhere
in West Asia and SEA but not in East Asia. However some exceptions
have been observed as that in the single study reported by Moore et al.
[119], where the serotype distribution in Laos appeared to resemble
that of South Asia. A similar situation is also observed with the pattern
of serotype distribution in Sri Lanka which differed greatly among
other South Asian countries, and the four most prevalent serotypes
(19F, 23F, 6B, 14) closely resembling those from all other three regions.
The overall effectiveness of the three PCVs by regions in highest to
lowest order are East Asia > West Asia > SEA > South Asia.

We also noted the presence of some NVT belonged to the common
serotypes in the respective regions. Serotype 15 has been reported in
Chinaand Taiwan. Despite being defined as VRT, serotype 23A is rather
common in Taiwan as well. Together, Taiwan has a greater number
of NVT than any other countries from the same region. In addition,
serotype 12F/A has been reported in Japan as well. Towards the south,
countries in SEA have similar serotype distribution. Singapore is the
only country in SEA commonly reporting NVT, specifically serotype
8. Also in West Asia, serotype 9A/L and 11A/D (as 9A and 11A in
study conducted by Mubarak et al.) is only identified in Oman as one
of the common serotypes, but none elsewhere in Asia. On the other
hand, serotype 5 is unique to Palestine. In South Asia, a number of
NVT are found to be common with serotype 2 being reported in Nepal
and Bangladesh. Most strikingly, this serotype represent the dominant
serotype in Bangladesh as well as serotypes 12F/A and 45. Altogether,
these three NVT occupy a quarter of all incidences in Bangladesh.
Because of this, the estimated PCVs coverage among the Bangladeshi
population became substantially low. Poor PCV7 coverage has been
reported in Malawi [189]. In Asia the lowest coverage of PCV7 is
seen in Nepal. One of the reasons is because Nepal is predominated
by NVT, namely 12F/A, 2, 19B/C, and 16/36/47 which is responsible
for about 20% of pneumococcal infections in the Nepalese population.
Another reason is due to the low number of serotypes covered under
PCV7 as observed in the individual studies included for analysis. The
proportions of these PCV7-VT are low as well (<4%). The better PCV
choice would be PCV10 and PCV13 which is estimated to increase the
coverage four-fold.

The GAVI of the Pneumococcal Accelerated Development and
Implementation (PneumoADIP) plays a major role to support the
financial demand especially for the developing countries towards making
the pneumococcal vaccines available to the eligible countries [190].

Asian countries which are GAVI-eligible include Indonesia, Vietnam,
Mongolia, North Korea, Nepal, India, Pakistan, and Sri Lanka. Apart
from this, useful and effective collaborative networks are especially
important to gather essential information of circulating pneumococcal
serotypes in the member countries. Several of these networks have
been set up, such as SAPNA, a network in India, Nepal, and Sri Lanka
for the purpose of conducting standardized IPD surveillance and to
investigate the serotype epidemiology and antimicrobial susceptibly
profiles of strains circulating in the region and this network is funded
by the GAVI; Asian Network for Surveillance of Resistant Pathogens
(ANSORP), one of the largest multicountry collaborative network in
the world for region-wide surveillance of antimicrobial resistance in
Asia [191,192].

The main limitation of this review is the lack of relevant data from
quite a number of Asian countries especially in Central Asia, West
Asia, and SEA. Overall, only 17 out of the 51 countries in Asia were
presented in this review. Although some studies have been reported
in these countries (e.g. Indonesia, Vietnam, Philippines, Iran, Yemen,
etc) but were then excluded from this review due to incompatibility
with our review parameters. Of these, majority are due to isolates used
sampled from a prior time frame set (January 2006), carriage isolates,
and data corresponding to subset of antibiotic-resistant strains.
This will probably underestimate the actual prevalence and serotype
distribution in Asia. However, this is to ensure the data reported here
reflect the current situation in circulating pneumococcal serotypes
involved in pneumococcal diseases. Beside this, the small sample size in
a number of studies might result in relatively weak convincing power
of the findings stated. In this aspect, several countries have satisfactory
sample size, this includes Thailand, Singapore, Malaysia, Bangladesh,
Nepal, Turkey, and Taiwan with approximate 200 and more isolates
while China, Hong Kong, Korea, Japan, Israel have >800 isolates.
Overall, the total isolates included in this review is 12435 (additional
three isolates from Pakistan were not included in the analysis) and
about half (5236 isolates) were from Israel.

Many of the studies were single-center based or studies examining
a certain area of the country/territory. Also, studies which investigated
into selected patients group (e.g. meningitis patients or pediatric
patients only) may as well misrepresent the serotypes distributions in
general. Another problem as similarly pointed out by various authors
of the studies included is the low detection of pneumococcal isolates
from specimens obtained from the patients, particular those with
prior antibiotic used before they have their specimen obtained. This
will definitely underestimate the actual number of serotypes and their
prevalence. Hence, there is a need for the respective laboratories to
better adapt to newer molecular technique such as multiplex PCR [193]
which do not always rely on cultured isolates, in contrast to the culture-
based Quellung reaction which is currently the gold standard.

Conclusions

In conclusion, the coverage of PCV shows considerable but
otherwise related geographical and temporal variations. Surveillance
study is still absent in many Asian countries. For countries with
previous reported studies but of which recent data is not available,
continued surveillance is important to track the possible fluctuations
in local serotype epidemiology. In addition, the data is valuable to
assist policymakers when considering the potential effectiveness
pneumococcal vaccination might have on the population. To evaluate
accurately the trend in serotype distribution of a country, establishment
of nation-wide surveillance as well as inter-nations collaborative
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network are essentially needed. If the vaccine manufacturers are taking
their next step to formulate newer vaccine, specifically to the Asian
population, serotypes/groups 15, 12F/A, 8, 23A, 11A/D, 2, 10A could
be the next potential candidates on the list.

References

1.

Bryce J, Boschi-Pinto C, Shibuya K, Black RE (2005) WHO estimates of the
causes of death in children. Lancet 365: 1147-1152.

Klein JO (1994) Otitis media. Clin Infect Dis 19: 823-833.

Mulholland K (1999) Magnitude of the problem of childhood pneumonia. Lancet
354: 590-592.

Schuchat A, Robinson K, Wenger JD, Harrison LH, Farley M, et al. (1997)
Bacterial meningitis in the United States in 1995. Active Surveillance Team. N
Engl J Med 337: 970-976.

Pneumococcal conjugate vaccine for childhood immunization--WHO position
paper (2007) Wkly Epidemiol Rec 82: 93-104.

Park IH, Pritchard DG, Cartee R, Brandao A, Brandileone MC, et al. (2007)
Discovery of a new capsular serotype (6C) within serogroup 6 of Streptococcus
pneumoniae. J Clin Microbiol 45: 1225-1233.

Jin P, Kong F, Xiao M, Oftadeh S, Zhou F, et al. (2009) First report of putative
Streptococcus pneumoniae serotype 6D among nasopharyngeal isolates from
Fijian children. J Infect Dis 200: 1375-1380.

Calix JJ, Nahm MH (2010) A new pneumococcal serotype, 11E, has a variably
inactivated wcjE gene. J Infect Dis 202: 29-38.

Hanage WP, Auranen K, Syrjanen R, Herva E, Makela PH, et al. (2004) Ability
of pneumococcal serotypes and clones to cause acute otitis media: implications
for the prevention of otitis media by conjugate vaccines. Infect Immun 72: 76-
81.

10. Hausdorff WP, Feikin DR, Klugman KP (2005) Epidemiological differences

among pneumococcal serotypes. Lancet Infect Dis 5: 83-93.

11. Shouval DS, Greenberg D, Givon-Lavi N, Porat N, Dagan R (2006) Site-

specific disease potential of individual Streptococcus pneumoniae serotypes in
pediatric invasive disease, acute otitis media and acute conjunctivitis. Pediatr
Infect Dis J 25: 602-607.

12. Hausdorff WP, Yothers G, Dagan R, Kilpi T, Pelton Sl, et al. (2002) Multinational

study of pneumococcal serotypes causing acute otitis media in children. Pediatr
Infect Dis J 21: 1008-1016.

13. Rodgers GL, Arguedas A, Cohen R, Dagan R (2009) Global serotype

distribution among Streptococcus pneumoniae isolates causing otitis media in
children: potential implications for pneumococcal conjugate vaccines. Vaccine
27:3802-3810.

14. Qgilvie |, Khoury AE, Cui Y, Dasbach E, Grabenstein JD, et al. (2009) Cost-

effectiveness of pneumococcal polysaccharide vaccination in adults: a
systematic review of conclusions and assumptions. Vaccine 27: 4891-4904.

15. Moberley SA, Holden J, Tatham DP, Andrews RM (2008) Vaccines for

preventing pneumococcal infection in adults. Cochrane Database Syst Rev:
CD000422.

16. Temple K, Greenwood B, Inskip H, Hall A, Koskela M, et al. (1991) Antibody

response to pneumococcal capsular polysaccharide vaccine in African children.
Pediatr Infect Dis J 10: 386-390.

17. Shapiro ED, Berg AT, Austrian R, Schroeder D, Parcells V, et al. (1991) The

protective efficacy of polyvalent pneumococcal polysaccharide vaccine. N Engl
J Med 325: 1453-1460.

18. Huss A, Scott P, Stuck AE, Trotter C, Egger M (2009) Efficacy of pneumococcal

vaccination in adults: a meta-analysis. CMAJ 180: 48-58.

19. Overweg K, Sluijter M, Srodzinski M, de Groot R, Hermans PW (2000) Immune-

20.

protective antibodies against capsular polysaccharides do not affect natural
competence of Streptococcus pneumoniae: implications for current conjugate
vaccination strategies? FEMS Immunol Med Microbiol 29: 183-185.

Brandao AP, de Oliveira TC, de Cunto Brandileone MC, Goncalves JE, Yara
Tl, et al. (2004) Persistence of antibody response to pneumococcal capsular
polysaccharides in vaccinated long term-care residents in Brazil. Vaccine 23:
762-768.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

American Academy of Pediatrics. Committee on Infectious Diseases. Policy
statement: recommendations for the prevention of pneumococcal infections,
including the use of pneumococcal conjugate vaccine (Prevnar), pneumococcal
polysaccharide vaccine, and antibiotic prophylaxis (2000). Pediatrics 106: 362-
366.

Preventing pneumococcal disease among infants and young children.
Recommendations of the Advisory Committee on Immunization Practices
(ACIP) (2000) MMWR Recomm Rep 49: 1-35.

Ball P, Make B (1998) Acute exacerbations of chronic bronchitis: an international
comparison. Chest 113: 199S-204S.

Lynch JP 3rd, Zhanel GG (2009) Streptococcus pneumoniae: epidemiology,
risk factors, and strategies for prevention. Semin Respir Crit Care Med 30:
189-209.

Shinefield HR, Black S, Ray P, Chang I, Lewis N, et al. (1999) Safety and
immunogenicity of heptavalent pneumococcal CRM197 conjugate vaccine in
infants and toddlers. Pediatr Infect Dis J 18: 757-763.

Rennels MB, Edwards KM, Keyserling HL, Reisinger KS, Hogerman DA, et
al. (1998) Safety and immunogenicity of heptavalent pneumococcal vaccine
conjugated to CRM197 in United States infants. Pediatrics 101: 604-611.

Destefano F, Pfeifer D, Nohynek H (2008) Safety profile of pneumococcal
conjugate vaccines: systematic review of pre- and post-licensure data. Bull
World Health Organ 86: 373-380.

Eskola J, Kilpi T, Palmu A, Jokinen J, Haapakoski J, et al. (2001) Efficacy of
a pneumococcal conjugate vaccine against acute otitis media. N Engl J Med
344: 403-409.

Netherlands HCot (2005) Vaccination of infants against pneumococcal
infections. The Hague: Health Council of the Netherlands Publication no.
2005/13.

Bergsaker MA, Feiring B (2006) Introduction of pneumococcal conjugate
vaccine into the Norwegian childhood vaccination programme. Euro Surveill
11: E060202-E060205.

Cameron C, Pebody R (2006) Introduction of pneumococcal conjugate vaccine
to the UK childhood immunisation programme, and changes to the meningitis
C and Hib schedules. Euro Surveill 11: E060302.4.

Department of Health (2006) Planned changes to the routine Childhood
Immunisation Programme.

Black S, Shinefield H, Fireman B, Lewis E, Ray P, et al. (2000) Efficacy,
safety and immunogenicity of heptavalent pneumococcal conjugate vaccine in
children. Northern California Kaiser Permanente Vaccine Study Center Group.
Pediatr Infect Dis J 19: 187-195.

Isaacman DJ, Mclntosh ED, Reinert RR (2010) Burden of invasive pneumococcal
disease and serotype distribution among Streptococcus pneumoniae isolates
in young children in Europe: impact of the 7-valent pneumococcal conjugate
vaccine and considerations for future conjugate vaccines. Int J Infect Dis 14:
e197-e209.

Grijalva CG, Nuorti JP, Arbogast PG, Martin SW, Edwards KM, et al. (2007)
Decline in pneumonia admissions after routine childhood immunisation with
pneumococcal conjugate vaccine in the USA: a time-series analysis. Lancet
369: 1179-1186.

Farrell DJ, Klugman KP, Pichichero M (2007) Increased antimicrobial
resistance among nonvaccine serotypes of Streptococcus pneumoniae in the
pediatric population after the introduction of 7-valent pneumococcal vaccine in
the United States. Pediatr Infect Dis J 26: 123-128.

Invasive pneumococcal disease in young children before licensure of 13-valent
pneumococcal conjugate vaccine - United States, 2007. (2010) MMWR Morb
Mortal Wkly Rep 59: 253-257.

Kaplan SL, Mason EO Jr, Wald ER, Schutze GE, Bradley JS, et al. (2004)
Decrease of invasive pneumococcal infections in children among 8 children’s
hospitals in the United States after the introduction of the 7-valent pneumococcal
conjugate vaccine. Pediatrics 113: 443-449.

Ruckinger S, van der Linden M, Reinert RR, von Kries R, Burckhardt F, et
al. (2009) Reduction in the incidence of invasive pneumococcal disease
after general vaccination with 7-valent pneumococcal conjugate vaccine in
Germany. Vaccine 27: 4136-4141.

Vestrheim DF, Lovoll O, Aaberge IS, Caugant DA, Hoiby EA, et al. (2008)

J Vaccines Vaccin

Pneumococcal Vaccination

ISSN:2157-7560 JVV an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/15794969
http://www.ncbi.nlm.nih.gov/pubmed/15794969
http://www.ncbi.nlm.nih.gov/pubmed/7893865
http://www.ncbi.nlm.nih.gov/pubmed/10470718
http://www.ncbi.nlm.nih.gov/pubmed/10470718
http://www.ncbi.nlm.nih.gov/pubmed/9395430
http://www.ncbi.nlm.nih.gov/pubmed/9395430
http://www.ncbi.nlm.nih.gov/pubmed/9395430
http://www.ncbi.nlm.nih.gov/pubmed/17380597
http://www.ncbi.nlm.nih.gov/pubmed/17380597
http://www.ncbi.nlm.nih.gov/pubmed/17267625
http://www.ncbi.nlm.nih.gov/pubmed/17267625
http://www.ncbi.nlm.nih.gov/pubmed/17267625
http://www.ncbi.nlm.nih.gov/pubmed/19803727
http://www.ncbi.nlm.nih.gov/pubmed/19803727
http://www.ncbi.nlm.nih.gov/pubmed/19803727
http://www.ncbi.nlm.nih.gov/pubmed/20507232
http://www.ncbi.nlm.nih.gov/pubmed/20507232
http://www.ncbi.nlm.nih.gov/pubmed/14688083
http://www.ncbi.nlm.nih.gov/pubmed/14688083
http://www.ncbi.nlm.nih.gov/pubmed/14688083
http://www.ncbi.nlm.nih.gov/pubmed/14688083
http://www.ncbi.nlm.nih.gov/pubmed/15680778
http://www.ncbi.nlm.nih.gov/pubmed/15680778
http://www.ncbi.nlm.nih.gov/pubmed/16804429
http://www.ncbi.nlm.nih.gov/pubmed/16804429
http://www.ncbi.nlm.nih.gov/pubmed/16804429
http://www.ncbi.nlm.nih.gov/pubmed/16804429
http://www.ncbi.nlm.nih.gov/pubmed/12442021
http://www.ncbi.nlm.nih.gov/pubmed/12442021
http://www.ncbi.nlm.nih.gov/pubmed/12442021
http://www.ncbi.nlm.nih.gov/pubmed/19446378
http://www.ncbi.nlm.nih.gov/pubmed/19446378
http://www.ncbi.nlm.nih.gov/pubmed/19446378
http://www.ncbi.nlm.nih.gov/pubmed/19446378
http://www.ncbi.nlm.nih.gov/pubmed/19520205
http://www.ncbi.nlm.nih.gov/pubmed/19520205
http://www.ncbi.nlm.nih.gov/pubmed/19520205
http://www.ncbi.nlm.nih.gov/pubmed/18253977
http://www.ncbi.nlm.nih.gov/pubmed/18253977
http://www.ncbi.nlm.nih.gov/pubmed/18253977
http://www.ncbi.nlm.nih.gov/pubmed/2067888
http://www.ncbi.nlm.nih.gov/pubmed/2067888
http://www.ncbi.nlm.nih.gov/pubmed/2067888
http://www.ncbi.nlm.nih.gov/pubmed/1944423
http://www.ncbi.nlm.nih.gov/pubmed/1944423
http://www.ncbi.nlm.nih.gov/pubmed/1944423
http://www.ncbi.nlm.nih.gov/pubmed/19124790
http://www.ncbi.nlm.nih.gov/pubmed/19124790
http://www.ncbi.nlm.nih.gov/pubmed/11064264
http://www.ncbi.nlm.nih.gov/pubmed/11064264
http://www.ncbi.nlm.nih.gov/pubmed/11064264
http://www.ncbi.nlm.nih.gov/pubmed/11064264
http://www.ncbi.nlm.nih.gov/pubmed/15542200
http://www.ncbi.nlm.nih.gov/pubmed/15542200
http://www.ncbi.nlm.nih.gov/pubmed/15542200
http://www.ncbi.nlm.nih.gov/pubmed/15542200
http://www.ncbi.nlm.nih.gov/pubmed/10920169
http://www.ncbi.nlm.nih.gov/pubmed/10920169
http://www.ncbi.nlm.nih.gov/pubmed/10920169
http://www.ncbi.nlm.nih.gov/pubmed/10920169
http://www.ncbi.nlm.nih.gov/pubmed/10920169
http://www.ncbi.nlm.nih.gov/pubmed/11055835
http://www.ncbi.nlm.nih.gov/pubmed/11055835
http://www.ncbi.nlm.nih.gov/pubmed/11055835
http://www.ncbi.nlm.nih.gov/pubmed/9515893
http://www.ncbi.nlm.nih.gov/pubmed/9515893
http://www.ncbi.nlm.nih.gov/pubmed/19296419
http://www.ncbi.nlm.nih.gov/pubmed/19296419
http://www.ncbi.nlm.nih.gov/pubmed/19296419
http://www.ncbi.nlm.nih.gov/pubmed/10493334
http://www.ncbi.nlm.nih.gov/pubmed/10493334
http://www.ncbi.nlm.nih.gov/pubmed/10493334
http://www.ncbi.nlm.nih.gov/pubmed/9521941
http://www.ncbi.nlm.nih.gov/pubmed/9521941
http://www.ncbi.nlm.nih.gov/pubmed/9521941
http://www.ncbi.nlm.nih.gov/pubmed/18545740
http://www.ncbi.nlm.nih.gov/pubmed/18545740
http://www.ncbi.nlm.nih.gov/pubmed/18545740
http://www.ncbi.nlm.nih.gov/pubmed/11172176
http://www.ncbi.nlm.nih.gov/pubmed/11172176
http://www.ncbi.nlm.nih.gov/pubmed/11172176
http://www.ncbi.nlm.nih.gov/pubmed/16804205
http://www.ncbi.nlm.nih.gov/pubmed/16804205
http://www.ncbi.nlm.nih.gov/pubmed/16804205
http://www.ncbi.nlm.nih.gov/pubmed/16804223
http://www.ncbi.nlm.nih.gov/pubmed/16804223
http://www.ncbi.nlm.nih.gov/pubmed/16804223
http://www.dh.gov.uk/en/Publicationsandstatistics/Lettersandcirculars/Dearcolleagueletters/DH_4128120
http://www.dh.gov.uk/en/Publicationsandstatistics/Lettersandcirculars/Dearcolleagueletters/DH_4128120
http://www.ncbi.nlm.nih.gov/pubmed/10749457
http://www.ncbi.nlm.nih.gov/pubmed/10749457
http://www.ncbi.nlm.nih.gov/pubmed/10749457
http://www.ncbi.nlm.nih.gov/pubmed/10749457
http://www.ncbi.nlm.nih.gov/pubmed/19700359
http://www.ncbi.nlm.nih.gov/pubmed/19700359
http://www.ncbi.nlm.nih.gov/pubmed/19700359
http://www.ncbi.nlm.nih.gov/pubmed/19700359
http://www.ncbi.nlm.nih.gov/pubmed/19700359
http://www.ncbi.nlm.nih.gov/pubmed/17416262
http://www.ncbi.nlm.nih.gov/pubmed/17416262
http://www.ncbi.nlm.nih.gov/pubmed/17416262
http://www.ncbi.nlm.nih.gov/pubmed/17416262
http://www.ncbi.nlm.nih.gov/pubmed/17259873
http://www.ncbi.nlm.nih.gov/pubmed/17259873
http://www.ncbi.nlm.nih.gov/pubmed/17259873
http://www.ncbi.nlm.nih.gov/pubmed/17259873
http://www.ncbi.nlm.nih.gov/pubmed/20224541
http://www.ncbi.nlm.nih.gov/pubmed/20224541
http://www.ncbi.nlm.nih.gov/pubmed/20224541
http://www.ncbi.nlm.nih.gov/pubmed/14993532
http://www.ncbi.nlm.nih.gov/pubmed/14993532
http://www.ncbi.nlm.nih.gov/pubmed/14993532
http://www.ncbi.nlm.nih.gov/pubmed/14993532
http://www.ncbi.nlm.nih.gov/pubmed/19406190
http://www.ncbi.nlm.nih.gov/pubmed/19406190
http://www.ncbi.nlm.nih.gov/pubmed/19406190
http://www.ncbi.nlm.nih.gov/pubmed/19406190
http://www.ncbi.nlm.nih.gov/pubmed/18456376

Citation: Le C, Yusof MYM, Sekaran SD (2011) Current Trend in Pneumococcal Serotype Distribution in Asia. J Vaccines Vaccin S2:001.

doi:10.4172/2157-7560.S2-001

Page 13 of 16

4

-

42.

4

w

44,

4

(&)

46.

47.

48.

49.

50.

5

ry

52.

53.

54.

55.

56.

57.

58.

59.

Effectiveness of a 2+1 dose schedule pneumococcal conjugate vaccination
programme on invasive pneumococcal disease among children in Norway.
Vaccine 26: 3277-3281.

.Dubos F, Marechal I, Husson MO, Courouble C, Aurel M, et al. (2007)

Decline in pneumococcal meningitis after the introduction of the heptavalent-
pneumococcal conjugate vaccine in northern France. Arch Dis Child 92: 1009-
1012.

Lepoutre A, Varon E, Georges S, Gutmann L, Levy-Bruhl D (2008) Impact
of infant pneumococcal vaccination on invasive pneumococcal diseases in
France, 2001-2006. Euro Surveill 13: 18962.

. Kellner JD, Vanderkooi OG, MacDonald J, Church DL, Tyrrell GJ, et al. (2009)

Changing epidemiology of invasive pneumococcal disease in Canada, 1998-
2007: update from the Calgary-area Streptococcus pneumoniae research
(CASPER) study. Clin Infect Dis 49: 205-212.

Roche PW, Krause V, Cook H, Barralet J, Coleman D, et al. (2008) Invasive
pneumococcal disease in Australia, 2006. Commun Dis Intell 32: 18-30.

. Stephens DS, Zughaier SM, Whitney CG, Baughman WS, Barker L, et al.

(2005) Incidence of macrolide resistance in Streptococcus pneumoniae
after introduction of the pneumococcal conjugate vaccine: population-based
assessment. Lancet 365: 855-863.

Whitney CG, Farley MM, Hadler J, Harrison LH, Bennett NM, et al. (2003)
Decline in invasive pneumococcal disease after the introduction of protein-
polysaccharide conjugate vaccine. N Engl J Med 348: 1737-1746.

Dagan R, Klugman KP (2008) Impact of conjugate pneumococcal vaccines on
antibiotic resistance. Lancet Infect Dis 8: 785-795.

Joloba ML, Windau A, Bajaksouzian S, Appelbaum PC, Hausdorff WP, et
al. (2001) Pneumococcal conjugate vaccine serotypes of Streptococcus
pneumoniae isolates and the antimicrobial susceptibility of such isolates in
children with otitis media. Clin Infect Dis 33: 1489-1494.

Kyaw MH, Lynfield R, Schaffner W, Craig AS, Hadler J, et al. (2006) Effect
of introduction of the pneumococcal conjugate vaccine on drug-resistant
Streptococcus pneumoniae. N Engl J Med 354: 1455-1463.

Dias R, Canica M (2007) Invasive pneumococcal disease in Portugal prior to
and after the introduction of pneumococcal heptavalent conjugate vaccine.
FEMS Immunol Med Microbiol 51: 35-42.

. Whitney CG, Pilishvili T, Farley MM, Schaffner W, Craig AS, et al. (2006)

Effectiveness of seven-valent pneumococcal conjugate vaccine against
invasive pneumococcal disease: a matched case-control study. Lancet 368:
1495-1502.

Block SL, Hedrick J, Harrison CJ, Tyler R, Smith A, et al. (2004) Community-
wide vaccination with the heptavalent pneumococcal conjugate significantly
alters the microbiology of acute otitis media. Pediatr Infect Dis J 23: 829-833.

Casey JR, Pichichero ME (2004) Changes in frequency and pathogens causing
acute otitis media in 1995-2003. Pediatr Infect Dis J 23: 824-828.

Pichichero ME, Casey JR (2007) Evolving microbiology and molecular
epidemiology of acute otitis media in the pneumococcal conjugate vaccine era.
Pediatr Infect Dis J 26: S12-S16.

Hicks LA, Harrison LH, Flannery B, Hadler JL, Schaffner W, et al. (2007)
Incidence of pneumococcal disease due to non-pneumococcal conjugate
vaccine (PCV7) serotypes in the United States during the era of widespread
PCV7 vaccination, 1998-2004. J Infect Dis 196: 1346-1354.

Pilishvili T, Lexau C, Farley MM, Hadler J, Harrison LH, et al. (2010) Sustained
reductions in invasive pneumococcal disease in the era of conjugate vaccine.
J Infect Dis 201: 32-41.

Direct and indirect effects of routine vaccination of children with 7-valent
pneumococcal conjugate vaccine on incidence of invasive pneumococcal
disease--United States, 1998-2003. MMWR Morb Mortal wkly Rep (2005) 54:
893-897.

Lexau CA, Lynfield R, Danila R, Pilishvili T, Facklam R, et al. (2005) Changing
epidemiology of invasive pneumococcal disease among older adults in the era
of pediatric pneumococcal conjugate vaccine. JAMA 294: 2043-2051.

Imohl M, Reinert RR, van der Linden M (2010) Regional differences in serotype
distribution, pneumococcal vaccine coverage, and antimicrobial resistance
of invasive pneumococcal disease among German federal states. Int J Med
Microbiol 300: 237-247.

60.

6

=

62.

63.

64.

6

()

66.

6

J

68.

6!

o

70.

7

N

72.

7

w

74.

75.

76.

77.

78.

7

©

Lipsitch M (1999) Bacterial vaccines and serotype replacement: lessons from
Haemophilus influenzae and prospects for Streptococcus pneumoniae. Emerg
Infect Dis 5: 336-345.

.Obaro SK (2000) Confronting the pneumococcus: a target shift or bullet

change? Vaccine 19: 1211-1217.

Spratt BG, Greenwood BM (2000) Prevention of pneumococcal disease by
vaccination: does serotype replacement matter? Lancet 356: 1210-1211.

Mera R, Miller LA, Fritsche TR, Jones RN (2008) Serotype replacement and
multiple resistance in Streptococcus pneumoniae after the introduction of the
conjugate pneumococcal vaccine. Microb Drug Resist 14: 101-107.

Messina AF, Katz-Gaynor K, Barton T, Ahmad N, Ghaffar F, et al. (2007)
Impact of the pneumococcal conjugate vaccine on serotype distribution and
antimicrobial resistance of invasive Streptococcus pneumoniae isolates in
Dallas, TX, children from 1999 through 2005. Pediatr Infect Dis J 26: 461-467.

. Richter SS, Heilmann KP, Dohrn CL, Riahi F, Beekmann SE, et al. (2009)

Changing epidemiology of antimicrobial-resistant Streptococcus pneumoniae
in the United States, 2004-2005. Clin Infect Dis 48: e23-e33.

Techasaensiri C, Messina AF, Katz K, Ahmad N, Huang R, et al. (2010)
Epidemiology and evolution of invasive pneumococcal disease caused by
multidrug resistant serotypes of 19A in the 8 years after implementation of
pneumococcal conjugate vaccine immunization in Dallas, Texas. Pediatr Infect
Dis J 29: 294-300.

. Pichichero ME, Casey JR (2007) Emergence of a multiresistant serotype 19A

pneumococcal strain not included in the 7-valent conjugate vaccine as an
otopathogen in children. JAMA 298: 1772-1778.

Pelton SI, Huot H, Finkelstein JA, Bishop CJ, Hsu KK, et al. (2007) Emergence
of 19A as virulent and multidrug resistant Pneumococcus in Massachusetts
following universal immunization of infants with pneumococcal conjugate
vaccine. Pediatr Infect Dis J 26: 468-472.

. Invasive pneumococcal disease in children 5 years after conjugate vaccine

introduction--eight states, 1998-2005. (2008) MMWR Morb Mortal Wkly Rep
57: 144-148.

Normark BH, Ortqvist A, Kalin M, Olsson-Liljequist B, Hedlund J, et al. (2001)
Changes in serotype distribution may hamper efficacy of pneumococcal
conjugate vaccines in children. Scand J Infect Dis 33: 848-850.

. Beall B, McEllistrem MC, Gertz RE Jr, Wedel S, Boxrud DJ, et al. (2006) Pre-

and postvaccination clonal compositions of invasive pneumococcal serotypes
for isolates collected in the United States in 1999, 2001, and 2002. J Clin
Microbiol 44: 999-1017.

Brueggemann AB, Griffiths DT, Meats E, Peto T, Crook DW, et al. (2003)
Clonal relationships between invasive and carriage Streptococcus pneumoniae
and serotype- and clone-specific differences in invasive disease potential. J
Infect Dis 187: 1424-1432.

.Enright MC, Spratt BG (1998) A multilocus sequence typing scheme for

Streptococcus pneumoniae: identification of clones associated with serious
invasive disease. Microbiology 144: 3049-3060.

Bean DC, Klena JD (2005) Characterization of major clones of antibiotic-
resistant Streptococcus pneumoniae in New Zealand by multilocus sequence
typing. J Antimicrob Chemother 55: 375-378.

Shi ZY, Enright MC, Wilkinson P, Griffiths D, Spratt BG (1998) Identification of
three major clones of multiply antibiotic-resistant Streptococcus pneumoniae in
Taiwanese hospitals by multilocus sequence typing. J Clin Microbiol 36: 3514-
3519.

Zhou J, Enright MC, Spratt BG (2000) Identification of the major Spanish clones
of penicillin-resistant pneumococci via the Internet using multilocus sequence
typing. J Clin Microbiol 38: 977-986.

Coffey TJ, Berron S, Daniels M, Garcia-Leoni ME, Cercenado E, et al. (1996)
Multiply antibiotic-resistant Streptococcus pneumoniae recovered from
Spanish hospitals (1988-1994): novel major clones of serotypes 14, 19F and
15F. Microbiology 142: 2747-2757.

Crook DW, Spratt BG (1998) Multiple antibiotic resistance in Streptococcus
pneumoniae. Br Med Bull 54: 595-610.

. Enright MC, Fenoll A, Griffiths D, Spratt BG (1999) The three major Spanish

clones of penicillin-resistant Streptococcus pneumoniae are the most common
clones recovered in recent cases of meningitis in Spain. J Clin Microbiol 37:
3210-3216.

J Vaccines Vaccin

Pneumococcal Vaccination

ISSN:2157-7560 JVV an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/18456376
http://www.ncbi.nlm.nih.gov/pubmed/18456376
http://www.ncbi.nlm.nih.gov/pubmed/18456376
http://www.ncbi.nlm.nih.gov/pubmed/17626145
http://www.ncbi.nlm.nih.gov/pubmed/17626145
http://www.ncbi.nlm.nih.gov/pubmed/17626145
http://www.ncbi.nlm.nih.gov/pubmed/17626145
http://www.ncbi.nlm.nih.gov/pubmed/18761883
http://www.ncbi.nlm.nih.gov/pubmed/18761883
http://www.ncbi.nlm.nih.gov/pubmed/18761883
http://www.ncbi.nlm.nih.gov/pubmed/19508165
http://www.ncbi.nlm.nih.gov/pubmed/19508165
http://www.ncbi.nlm.nih.gov/pubmed/19508165
http://www.ncbi.nlm.nih.gov/pubmed/19508165
http://www.ncbi.nlm.nih.gov/pubmed/18522302
http://www.ncbi.nlm.nih.gov/pubmed/18522302
http://www.ncbi.nlm.nih.gov/pubmed/15752529
http://www.ncbi.nlm.nih.gov/pubmed/15752529
http://www.ncbi.nlm.nih.gov/pubmed/15752529
http://www.ncbi.nlm.nih.gov/pubmed/15752529
http://www.ncbi.nlm.nih.gov/pubmed/12724479
http://www.ncbi.nlm.nih.gov/pubmed/12724479
http://www.ncbi.nlm.nih.gov/pubmed/12724479
http://www.ncbi.nlm.nih.gov/pubmed/19022193
http://www.ncbi.nlm.nih.gov/pubmed/19022193
http://www.ncbi.nlm.nih.gov/pubmed/11588694
http://www.ncbi.nlm.nih.gov/pubmed/11588694
http://www.ncbi.nlm.nih.gov/pubmed/11588694
http://www.ncbi.nlm.nih.gov/pubmed/11588694
http://www.ncbi.nlm.nih.gov/pubmed/16598044
http://www.ncbi.nlm.nih.gov/pubmed/16598044
http://www.ncbi.nlm.nih.gov/pubmed/16598044
http://www.ncbi.nlm.nih.gov/pubmed/17854472
http://www.ncbi.nlm.nih.gov/pubmed/17854472
http://www.ncbi.nlm.nih.gov/pubmed/17854472
http://www.ncbi.nlm.nih.gov/pubmed/17071283
http://www.ncbi.nlm.nih.gov/pubmed/17071283
http://www.ncbi.nlm.nih.gov/pubmed/17071283
http://www.ncbi.nlm.nih.gov/pubmed/17071283
http://www.ncbi.nlm.nih.gov/pubmed/15361721
http://www.ncbi.nlm.nih.gov/pubmed/15361721
http://www.ncbi.nlm.nih.gov/pubmed/15361721
http://www.ncbi.nlm.nih.gov/pubmed/15361720
http://www.ncbi.nlm.nih.gov/pubmed/15361720
http://www.ncbi.nlm.nih.gov/pubmed/18049375
http://www.ncbi.nlm.nih.gov/pubmed/18049375
http://www.ncbi.nlm.nih.gov/pubmed/18049375
http://www.ncbi.nlm.nih.gov/pubmed/17922399
http://www.ncbi.nlm.nih.gov/pubmed/17922399
http://www.ncbi.nlm.nih.gov/pubmed/17922399
http://www.ncbi.nlm.nih.gov/pubmed/17922399
http://www.ncbi.nlm.nih.gov/pubmed/19947881
http://www.ncbi.nlm.nih.gov/pubmed/19947881
http://www.ncbi.nlm.nih.gov/pubmed/19947881
http://www.ncbi.nlm.nih.gov/pubmed/16163262
http://www.ncbi.nlm.nih.gov/pubmed/16163262
http://www.ncbi.nlm.nih.gov/pubmed/16163262
http://www.ncbi.nlm.nih.gov/pubmed/16163262
http://www.ncbi.nlm.nih.gov/pubmed/16249418
http://www.ncbi.nlm.nih.gov/pubmed/16249418
http://www.ncbi.nlm.nih.gov/pubmed/16249418
http://www.ncbi.nlm.nih.gov/pubmed/19604721
http://www.ncbi.nlm.nih.gov/pubmed/19604721
http://www.ncbi.nlm.nih.gov/pubmed/19604721
http://www.ncbi.nlm.nih.gov/pubmed/19604721
http://www.ncbi.nlm.nih.gov/pubmed/10341170
http://www.ncbi.nlm.nih.gov/pubmed/10341170
http://www.ncbi.nlm.nih.gov/pubmed/10341170
http://www.ncbi.nlm.nih.gov/pubmed/11137259
http://www.ncbi.nlm.nih.gov/pubmed/11137259
http://www.ncbi.nlm.nih.gov/pubmed/11072934
http://www.ncbi.nlm.nih.gov/pubmed/11072934
http://www.ncbi.nlm.nih.gov/pubmed/18491947
http://www.ncbi.nlm.nih.gov/pubmed/18491947
http://www.ncbi.nlm.nih.gov/pubmed/18491947
http://www.ncbi.nlm.nih.gov/pubmed/17529859
http://www.ncbi.nlm.nih.gov/pubmed/17529859
http://www.ncbi.nlm.nih.gov/pubmed/17529859
http://www.ncbi.nlm.nih.gov/pubmed/17529859
http://www.ncbi.nlm.nih.gov/pubmed/19115971
http://www.ncbi.nlm.nih.gov/pubmed/19115971
http://www.ncbi.nlm.nih.gov/pubmed/19115971
http://www.ncbi.nlm.nih.gov/pubmed/19949357
http://www.ncbi.nlm.nih.gov/pubmed/19949357
http://www.ncbi.nlm.nih.gov/pubmed/19949357
http://www.ncbi.nlm.nih.gov/pubmed/19949357
http://www.ncbi.nlm.nih.gov/pubmed/19949357
http://www.ncbi.nlm.nih.gov/pubmed/17940232
http://www.ncbi.nlm.nih.gov/pubmed/17940232
http://www.ncbi.nlm.nih.gov/pubmed/17940232
http://www.ncbi.nlm.nih.gov/pubmed/17529860
http://www.ncbi.nlm.nih.gov/pubmed/17529860
http://www.ncbi.nlm.nih.gov/pubmed/17529860
http://www.ncbi.nlm.nih.gov/pubmed/17529860
http://www.ncbi.nlm.nih.gov/pubmed/18272956
http://www.ncbi.nlm.nih.gov/pubmed/18272956
http://www.ncbi.nlm.nih.gov/pubmed/18272956
http://www.ncbi.nlm.nih.gov/pubmed/11760167
http://www.ncbi.nlm.nih.gov/pubmed/11760167
http://www.ncbi.nlm.nih.gov/pubmed/11760167
http://www.ncbi.nlm.nih.gov/pubmed/16517889
http://www.ncbi.nlm.nih.gov/pubmed/16517889
http://www.ncbi.nlm.nih.gov/pubmed/16517889
http://www.ncbi.nlm.nih.gov/pubmed/16517889
http://www.ncbi.nlm.nih.gov/pubmed/12717624
http://www.ncbi.nlm.nih.gov/pubmed/12717624
http://www.ncbi.nlm.nih.gov/pubmed/12717624
http://www.ncbi.nlm.nih.gov/pubmed/12717624
http://www.ncbi.nlm.nih.gov/pubmed/9846740
http://www.ncbi.nlm.nih.gov/pubmed/9846740
http://www.ncbi.nlm.nih.gov/pubmed/9846740
http://www.ncbi.nlm.nih.gov/pubmed/15681581
http://www.ncbi.nlm.nih.gov/pubmed/15681581
http://www.ncbi.nlm.nih.gov/pubmed/15681581
http://www.ncbi.nlm.nih.gov/pubmed/9817864
http://www.ncbi.nlm.nih.gov/pubmed/9817864
http://www.ncbi.nlm.nih.gov/pubmed/9817864
http://www.ncbi.nlm.nih.gov/pubmed/9817864
http://www.ncbi.nlm.nih.gov/pubmed/10698983
http://www.ncbi.nlm.nih.gov/pubmed/10698983
http://www.ncbi.nlm.nih.gov/pubmed/10698983
http://www.ncbi.nlm.nih.gov/pubmed/8885390
http://www.ncbi.nlm.nih.gov/pubmed/8885390
http://www.ncbi.nlm.nih.gov/pubmed/8885390
http://www.ncbi.nlm.nih.gov/pubmed/8885390
http://www.ncbi.nlm.nih.gov/pubmed/10326287
http://www.ncbi.nlm.nih.gov/pubmed/10326287
http://www.ncbi.nlm.nih.gov/pubmed/10488179
http://www.ncbi.nlm.nih.gov/pubmed/10488179
http://www.ncbi.nlm.nih.gov/pubmed/10488179
http://www.ncbi.nlm.nih.gov/pubmed/10488179

Citation: Le C, Yusof MYM, Sekaran SD (2011) Current Trend in Pneumococcal Serotype Distribution in Asia. J Vaccines Vaccin S2:001.

doi:10.4172/2157-7560.S2-001

Page 14 of 16

80. 80. Jefferies JM, Smith AJ, Edwards GF, McMenamin J, Mitchell TJ, et al.
(2010) Temporal analysis of invasive pneumococcal clones from Scotland
illustrates fluctuations in diversity of serotype and genotype in the absence of
pneumococcal conjugate vaccine. J Clin Microbiol 48: 87-96.

81. Gertz RE Jr, McEllistrem MC, Boxrud DJ, Li Z, Sakota V, et al. (2003) Clonal
distribution of invasive pneumococcal isolates from children and selected
adults in the United States prior to 7-valent conjugate vaccine introduction. J
Clin Microbiol 41: 4194-4216.

82. Moore MR, Gertz RE Jr, Woodbury RL, Barkocy-Gallagher GA, Schaffner W,
et al. (2008) Population snapshot of emergent Streptococcus pneumoniae
serotype 19A in the United States, 2005. J Infect Dis 197: 1016-1027.

83. Pai R, Moore MR, Pilishvili T, Gertz RE, Whitney CG, et al. (2005) Postvaccine
genetic structure of Streptococcus pneumoniae serotype 19A from children in
the United States. J Infect Dis 192: 1988-1995.

84. Ardanuy C, Rolo D, Fenoll A, Tarrago D, Calatayud L, et al. (2009) Emergence
of a multidrug-resistant clone (ST320) among invasive serotype 19A
pneumococci in Spain. J Antimicrob Chemother 64: 507-510.

85. Cherian T (2007) WHO expert consultation on serotype composition of
pneumococcal conjugate vaccines for use in resource-poor developing
countries, 26-27 October 2006, Geneva. Vaccine 25: 6557-6564.

86. Hausdorff WP, Dagan R, Beckers F, Schuerman L (2009) Estimating the direct
impact of new conjugate vaccines against invasive pneumococcal disease.
Vaccine 27: 7257-7269.

87. Grijalva CG, Edwards KM (2006) Promises and challenges of pneumococcal
conjugate vaccines for the developing world. Clin Infect Dis 43: 680-682.

88. Lucero MG, Nohynek H, Williams G, Tallo V, Simoes EA, et al. (2009) Efficacy of
an 11-valent pneumococcal conjugate vaccine against radiologically confirmed
pneumonia among children less than 2 years of age in the Philippines: a
randomized, double-blind, placebo-controlled trial. Pediatr Infect Dis J 28: 455-
462.

89. Scott JA (2007) The preventable burden of pneumococcal disease in the
developing world. Vaccine 25: 2398-2405.

90.Lin TY, Shah NK, Brooks D, Garcia CS (2010) Summary of invasive
pneumococcal disease burden among children in the Asia-Pacific region.
Vaccine 28: 7589-7605.

9

=

. Hausdorff WP, Bryant J, Kloek C, Paradiso PR, Siber GR (2000) The
contribution of specific pneumococcal serogroups to different disease
manifestations: implications for conjugate vaccine formulation and use, part Il.
Clin Infect Dis 30: 122-140.

92. Hausdorff WP, Bryant J, Paradiso PR, Siber GR (2000) Which pneumococcal
serogroups cause the most invasive disease: implications for conjugate vaccine
formulation and use, part I. Clin Infect Dis 30: 100-121.

93. Imohl M, Reinert RR, van der Linden M (2010) Temporal Variations among
Invasive Pneumococcal Disease Serotypes in Children and Adults in Germany
(1992-2008). Int J Microbiol 2010: 874189.

94. Liu 'Y, Wang H, Chen M, Sun Z, Zhao R, et al. (2008) Serotype distribution and
antimicrobial resistance patterns of Streptococcus pneumoniae isolated from
children in China younger than 5 years. Diagn Microbiol Infect Dis 61: 256-263.

95. Chen R, Chen Y, Black S, Hao CL, Ding YF, et al. (2010) Antibiotic resistance
patterns and serotype distribution in Streptococcus pneumoniae from
hospitalized pediatric patients with respiratory infections in Suzhou, China. J
Trop Pediatr 56: 204-205.

96. Xue L, Yao K, Xie G, Zheng Y, Wang C, et al. (2010) Serotype distribution
and antimicrobial resistance of Streptococcus pneumoniae isolates that cause
invasive disease among Chinese children. Clin Infect Dis 50: 741-744.

97. Yao KH, Wang LB, Zhao GM, Zheng YJ, Deng L, et al. (2011) Pneumococcal
serotype distribution and antimicrobial resistance in Chinese children
hospitalized for pneumonia. Vaccine 29: 2296-2301.

98. Zhang B, Gertz RE Jr, Liu Z, Li Z, Fu W, et al. (2011) Characterization of highly
antimicrobial-resistant clinical pneumococcal isolates recovered in a Chinese
hospital during 2009-2010. J Med Microbiol.

99. Zhou L, Yu SJ, Gao W, Yao KH, Shen AD, et al. (2011) Serotype distribution
and antibiotic resistance of 140 pneumococcal isolates from pediatric patients
with upper respiratory infections in Beijing, 2010. Vaccine 29: 7704-7710.

100.1p M, Nelson EA, Cheuk ES, Sung RY, Li A, et al. (2007) Serotype distribution

and antimicrobial susceptibilities of nasopharyngeal isolates of Streptococcus
pneumoniae from children hospitalized for acute respiratory illnesses in Hong
Kong. J Clin Microbiol 45: 1969-1971.

101.Ho PL, Chiu SS, Ang |, Lau YL (2011) Serotypes and antimicrobial
susceptibilities of invasive Streptococcus pneumoniae before and after
introduction of 7-valent pneumococcal conjugate vaccine, Hong Kong, 1995-
2009. Vaccine 29: 3270-3275.

102.Hon KL, Ip M, Lee K, Nelson EA, Shea KH, et al. (2010) Childhood
pneumococcal diseases and serotypes: can vaccines protect? Indian J Pediatr
77:1387-1391.

103.Center for Health Protection Hong Kong (2011) Inclusion of Pneumococcal
Vaccine in Childhood Immunisation Programme.

104.Hsieh YC, Chang KY, Huang YC, Lin HC, Ho YH, et al. (2008) Clonal spread
of highly beta-lactam-resistant Streptococcus pneumoniae isolates in Taiwan.
Antimicrob Agents Chemother 52: 2266-2269.

105.Suzuki K, Nishimaki K, Okuyama K, Katoh T, Yasujima M, et al. (2010) Trends
in antimicrobial susceptibility of Streptococcus pneumoniae in the Tohoku
district of Japan: a longitudinal analysis from 1998 to 2007. Tohoku J Exp
Med 220: 47-57.

106.Hotomi M, Billal DS, Kamide Y, Kanesada K, Uno Y, et al. (2008) Serotype
distribution and penicillin resistance of Streptococcus pneumoniae isolates
from middle ear fluids of pediatric patients with acute otitis media in Japan. J
Clin Microbiol 46: 3808-3810.

107.Chiba N, Morozumi M, Sunaoshi K, Takahashi S, Takano M, et al. (2010)
Serotype and antibiotic resistance of isolates from patients with invasive
pneumococcal disease in Japan. Epidemiol Infect 138: 61-68.

108.Sakai F, Chiba N, Ono A, Yamagata Murayama S, Ubukata K, et al. (2011)
Molecular epidemiologic characteristics of Streptococcus pneumoniae
isolates from children with meningitis in Japan from 2007 through 2009. J
Infect Chemother 17: 334-340.

109.0ishi T, Wada A, Chang B, Toyabe S, Uchiyama M (2011) Serotyping and
multilocus sequence typing of Streptococcus pneumoniae isolates from the
blood and posterior nares of Japanese children prior to the introduction of
7-valent pneumococcal conjugate vaccine. Jpn J Infect Dis 64: 341-344.

110.Choi EH, Kim SH, Eun BW, Kim SJ, Kim NH, et al. (2008) Streptococcus
pneumoniae serotype 19A in children, South Korea. Emerg Infect Dis 14: 275-
281.

111. Song JH, Baek JY, Cheong HS, Chung DR, Peck KR, et al. (2009) Changes of
serotype and genotype in Streptococcus pneumoniae isolates from a Korean
hospital in 2007. Diagn Microbiol Infect Dis 63: 271-278.

112.Baek JY, Ko KS, Kim SH, Kang CI, Chung DR, et al. (2011) Comparison of
genotypes of Streptococcus pneumoniae serotypes 6A and 6B before and
after the introduction of PCV7 vaccination in Korea. Diagn Microbiol Infect Dis
69: 370-375.

113.Hsu LY, Lui SW, Lee JL, Hedzlyn HM, Kong DH, et al. (2009) Adult invasive
pneumococcal disease pre- and peri-pneumococcal conjugate vaccine
introduction in a tertiary hospital in Singapore. J Med Microbiol 58: 101-104.

114. Jefferies JM, Tee WS, Clarke SC (2011) Molecular analysis of Streptococcus
pneumoniae clones causing invasive disease in children in Singapore. J Med
Microbiol 60: 750-755.

115. Le CF, Palanisamy NK, Mohd Yusof MY, Sekaran SD (2011) Capsular
Serotype and Antibiotic Resistance of Streptococcus pneumoniae Isolates in
Malaysia. Plos One 6: e19547.

116. Yasin RM, Zin NM, Hussin A, Nawi SH, Hanapiah SM, et al. (2011) Current
trend of pneumococcal serotypes distribution and antibiotic susceptibility
pattern in Malaysian hospitals. Vaccine 29: 5688-5693.

117.Srifeungfung S, Tribuddharat C, Comerungsee S, Chatsuwan T,
Treerauthanaweeraphong V, et al. (2010) Serotype coverage of pneumococcal
conjugate vaccine and drug susceptibility of Streptococcus pneumoniae
isolated from invasive or non-invasive diseases in central Thailand, 2006-
2009. Vaccine 28: 3440-3444.

118.Baggett HC, Peruski LF, Olsen SJ, Thamthitiwat S, Rhodes J, et al. (2009)
Incidence of pneumococcal bacteremia requiring hospitalization in rural
Thailand. Clin Infect Dis 48: S65-S74.

119. Moore CE, Sengduangphachanh A, Thaojaikong T, Sirisouk J, Foster D, et

J Vaccines Vaccin

Pneumococcal Vaccination

ISSN:2157-7560 JVV an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/19923488
http://www.ncbi.nlm.nih.gov/pubmed/19923488
http://www.ncbi.nlm.nih.gov/pubmed/19923488
http://www.ncbi.nlm.nih.gov/pubmed/19923488
http://www.ncbi.nlm.nih.gov/pubmed/12958247
http://www.ncbi.nlm.nih.gov/pubmed/12958247
http://www.ncbi.nlm.nih.gov/pubmed/12958247
http://www.ncbi.nlm.nih.gov/pubmed/12958247
http://www.ncbi.nlm.nih.gov/pubmed/16267772
http://www.ncbi.nlm.nih.gov/pubmed/16267772
http://www.ncbi.nlm.nih.gov/pubmed/16267772
http://www.ncbi.nlm.nih.gov/pubmed/19535383
http://www.ncbi.nlm.nih.gov/pubmed/19535383
http://www.ncbi.nlm.nih.gov/pubmed/19535383
http://www.ncbi.nlm.nih.gov/pubmed/17681648
http://www.ncbi.nlm.nih.gov/pubmed/17681648
http://www.ncbi.nlm.nih.gov/pubmed/17681648
http://www.ncbi.nlm.nih.gov/pubmed/19833248
http://www.ncbi.nlm.nih.gov/pubmed/19833248
http://www.ncbi.nlm.nih.gov/pubmed/19833248
http://www.ncbi.nlm.nih.gov/pubmed/19483514
http://www.ncbi.nlm.nih.gov/pubmed/19483514
http://www.ncbi.nlm.nih.gov/pubmed/19483514
http://www.ncbi.nlm.nih.gov/pubmed/19483514
http://www.ncbi.nlm.nih.gov/pubmed/19483514
http://www.ncbi.nlm.nih.gov/pubmed/17028081
http://www.ncbi.nlm.nih.gov/pubmed/17028081
http://www.ncbi.nlm.nih.gov/pubmed/20674872
http://www.ncbi.nlm.nih.gov/pubmed/20674872
http://www.ncbi.nlm.nih.gov/pubmed/20674872
http://www.ncbi.nlm.nih.gov/pubmed/10619741
http://www.ncbi.nlm.nih.gov/pubmed/10619741
http://www.ncbi.nlm.nih.gov/pubmed/10619741
http://www.ncbi.nlm.nih.gov/pubmed/10619741
http://www.ncbi.nlm.nih.gov/pubmed/20671944
http://www.ncbi.nlm.nih.gov/pubmed/20671944
http://www.ncbi.nlm.nih.gov/pubmed/20671944
http://www.ncbi.nlm.nih.gov/pubmed/19748932
http://www.ncbi.nlm.nih.gov/pubmed/19748932
http://www.ncbi.nlm.nih.gov/pubmed/19748932
http://www.ncbi.nlm.nih.gov/pubmed/19748932
http://www.ncbi.nlm.nih.gov/pubmed/20113175
http://www.ncbi.nlm.nih.gov/pubmed/20113175
http://www.ncbi.nlm.nih.gov/pubmed/20113175
http://www.ncbi.nlm.nih.gov/pubmed/21276441
http://www.ncbi.nlm.nih.gov/pubmed/21276441
http://www.ncbi.nlm.nih.gov/pubmed/21276441
http://www.ncbi.nlm.nih.gov/pubmed/21873379
http://www.ncbi.nlm.nih.gov/pubmed/21873379
http://www.ncbi.nlm.nih.gov/pubmed/21873379
http://www.ncbi.nlm.nih.gov/pubmed/21839135
http://www.ncbi.nlm.nih.gov/pubmed/21839135
http://www.ncbi.nlm.nih.gov/pubmed/21839135
http://www.ncbi.nlm.nih.gov/pubmed/17409214
http://www.ncbi.nlm.nih.gov/pubmed/17409214
http://www.ncbi.nlm.nih.gov/pubmed/17409214
http://www.ncbi.nlm.nih.gov/pubmed/17409214
http://www.ncbi.nlm.nih.gov/pubmed/21352937
http://www.ncbi.nlm.nih.gov/pubmed/21352937
http://www.ncbi.nlm.nih.gov/pubmed/21352937
http://www.ncbi.nlm.nih.gov/pubmed/21352937
http://www.ncbi.nlm.nih.gov/pubmed/20844989
http://www.ncbi.nlm.nih.gov/pubmed/20844989
http://www.ncbi.nlm.nih.gov/pubmed/20844989
http://www.chp.gov.hk/en/view_content/16076.html
http://www.chp.gov.hk/en/view_content/16076.html
http://www.ncbi.nlm.nih.gov/pubmed/18413298
http://www.ncbi.nlm.nih.gov/pubmed/18413298
http://www.ncbi.nlm.nih.gov/pubmed/18413298
http://www.ncbi.nlm.nih.gov/pubmed/20046052
http://www.ncbi.nlm.nih.gov/pubmed/20046052
http://www.ncbi.nlm.nih.gov/pubmed/20046052
http://www.ncbi.nlm.nih.gov/pubmed/20046052
http://www.ncbi.nlm.nih.gov/pubmed/18832131
http://www.ncbi.nlm.nih.gov/pubmed/18832131
http://www.ncbi.nlm.nih.gov/pubmed/18832131
http://www.ncbi.nlm.nih.gov/pubmed/18832131
http://www.ncbi.nlm.nih.gov/pubmed/19538821
http://www.ncbi.nlm.nih.gov/pubmed/19538821
http://www.ncbi.nlm.nih.gov/pubmed/19538821
http://www.ncbi.nlm.nih.gov/pubmed/21161561
http://www.ncbi.nlm.nih.gov/pubmed/21161561
http://www.ncbi.nlm.nih.gov/pubmed/21161561
http://www.ncbi.nlm.nih.gov/pubmed/21161561
http://www.ncbi.nlm.nih.gov/pubmed/21788714
http://www.ncbi.nlm.nih.gov/pubmed/21788714
http://www.ncbi.nlm.nih.gov/pubmed/21788714
http://www.ncbi.nlm.nih.gov/pubmed/21788714
http://www.ncbi.nlm.nih.gov/pubmed/18258121
http://www.ncbi.nlm.nih.gov/pubmed/18258121
http://www.ncbi.nlm.nih.gov/pubmed/18258121
http://www.ncbi.nlm.nih.gov/pubmed/19179034
http://www.ncbi.nlm.nih.gov/pubmed/19179034
http://www.ncbi.nlm.nih.gov/pubmed/19179034
http://www.ncbi.nlm.nih.gov/pubmed/21396531
http://www.ncbi.nlm.nih.gov/pubmed/21396531
http://www.ncbi.nlm.nih.gov/pubmed/21396531
http://www.ncbi.nlm.nih.gov/pubmed/21396531
http://www.ncbi.nlm.nih.gov/pubmed/19074659
http://www.ncbi.nlm.nih.gov/pubmed/19074659
http://www.ncbi.nlm.nih.gov/pubmed/19074659
http://www.ncbi.nlm.nih.gov/pubmed/21330410
http://www.ncbi.nlm.nih.gov/pubmed/21330410
http://www.ncbi.nlm.nih.gov/pubmed/21330410
http://www.ncbi.nlm.nih.gov/pubmed/21603602
http://www.ncbi.nlm.nih.gov/pubmed/21603602
http://www.ncbi.nlm.nih.gov/pubmed/21603602
http://www.ncbi.nlm.nih.gov/pubmed/21723357
http://www.ncbi.nlm.nih.gov/pubmed/21723357
http://www.ncbi.nlm.nih.gov/pubmed/21723357
http://www.ncbi.nlm.nih.gov/pubmed/20199759
http://www.ncbi.nlm.nih.gov/pubmed/20199759
http://www.ncbi.nlm.nih.gov/pubmed/20199759
http://www.ncbi.nlm.nih.gov/pubmed/20199759
http://www.ncbi.nlm.nih.gov/pubmed/20199759
http://www.ncbi.nlm.nih.gov/pubmed/20810803

Citation: Le C, Yusof MYM, Sekaran SD (2011) Current Trend in Pneumococcal Serotype Distribution in Asia. J Vaccines Vaccin S2:001.

doi:10.4172/2157-7560.S2-001

Page 15 of 16

al. (2010) Enhanced determination of Streptococcus pneumoniae serotypes
associated with invasive disease in Laos by using a real-time polymerase
chain reaction serotyping assay with cerebrospinal fluid. Am J Trop Med Hyg
83:451-457.

120.Brooks WA, Breiman RF, Goswami D, Hossain A, Alam K, et al. (2007)
Invasive pneumococcal disease burden and implications for vaccine policy in
urban Bangladesh. Am J Trop Med Hyg 77: 795-801.

121.Saha SK, Naheed A, El Arifeen S, Islam M, Al-Emran H, et al. (2009)
Surveillance for invasive Streptococcus pneumoniae disease among
hospitalized children in Bangladesh: antimicrobial susceptibility and serotype
distribution. Clin Infect Dis 48: S75-S81.

122.Arifeen SE, Saha SK, Rahman S, Rahman KM, Rahman SM, et al. (2009)
Invasive pneumococcal disease among children in rural Bangladesh: results
from a population-based surveillance. Clin Infect Dis 48: S103-S113.

123.Ministry of Health (2008) Report on Pneumococcal & Hib Surveillance - 2005
- 2nd quarter 2008.

124.Williams EJ, Thorson S, Maskey M, Mahat S, Hamaluba M, et al. (2009)
Hospital-based surveillance of invasive pneumococcal disease among young
children in urban Nepal. Clin Infect Dis 48: S114-S122.

125.Kelly DF, Thorson S, Maskey M, Mahat S, Shrestha U, et al. (2011) The
burden of vaccine-preventable invasive bacterial infections and pneumonia
in children admitted to hospital in urban Nepal. Int J Infect Dis 15: e17-e23.

126.Shah AS, Knoll MD, Sharma PR, Moisi JC, Kulkarni P, et al. (2009) Invasive
pneumococcal disease in Kanti Children’s Hospital, Nepal, as observed by the
South Asian Pneumococcal Alliance network. Clin Infect Dis 48: S123-S128.

127.Rijal B, Tandukar S, Adhikari R, Tuladhar NR, Sharma PR, et al. (2010)
Antimicrobial susceptibility pattern and serotyping of Streptococcus
pneumoniae isolated from Kanti Children Hospital in Nepal. Kathmandu Univ
Med J (KUMJ) 8: 164-168.

128.Zaidi AK, Khan H, Lasi R, Mahesar W (2009) Surveillance of pneumococcal
meningitis among children in Sindh, southern Pakistan. Clin Infect Dis 48:
S129-S135.

129.Al-Yaqoubi M, Elhag K (2011) Serotype Prevalence and Penicillin-susceptibility
of Streptococcus pneumoniae in Oman. Oman Med J 26: 43-47.

130.Percin D, Ay Altintop Y, Sumerkan B (2010) Ten-year surveillance of invasive
Streptococcus pneumoniae isolates in central Turkey prior to the introduction
of a conjugate vaccine. J Infect Dev Ctries 4: 560-565.

131.Ceyhan M, Yildirim |, Sheppard CL, George RC (2010) Pneumococcal
serotypes causing pediatric meningitis in Turkey: application of a new
technology in the investigation of cases negative by conventional culture. Eur
J Clin Microbiol Infect Dis 29: 289-293.

132.Ceyhan M, Gurler N, Yaman A, Ozturk C, Oksuz L, et al. (2011) Serotypes of
Streptococcus pneumoniae isolates from children with invasive pneumococcal
disease in Turkey: baseline evaluation of the introduction of the pneumococcal
conjugate vaccine nationwide. Clin Vaccine Immunol 18: 1028-1030.

133.Kattan R, Abu Rayyan A, Zheiman [, Idkeidek S, Baraghithi S, et al. (2011)
Serotype distribution and drug resistance in Streptococcus pneumoniae,
Palestinian Territories. Emerg Infect Dis 17: 94-96.

134.Somech |, Dagan R, Givon-Lavi N, Porat N, Raiz S, et al. (2011) Distribution,
dynamics and antibiotic resistance patterns of Streptococcus pneumoniae
serotypes causing acute otitis media in children in southern Israel during the
10 year-period before the introduction of the 7-valent pneumococcal conjugate
vaccine. Vaccine 29: 4202-4209.

135.Yao K, Shen X, Yul S, Lu Q, Deng L, et al. (2007) Antimicrobial resistance and
serotypes of nasopharyngeal strains of Streptococcus pneumoniae in Chinese
children with acute respiratory infections. J Int Med Res 35: 253-267.

136.Zhao GM, Black S, Shinefield H, Wang CQ, Zhang YH, et al. (2003)
Serotype distribution and antimicrobial resistance patterns in Streptococcus
pneumoniae isolates from hospitalized pediatric patients with respiratory
infections in Shanghai, China. Pediatr Infect Dis J 22: 739-742.

137.Center for Health Protection Hong Kong (19 April 2011). Inclusion of
Pneumococcal Vaccine in Childhood Immunisation Programme.

138.Center for Health Protection Hong Kong (April 2011) Recommendations
on the Use of 13-valent Pneumococcal Conjugate Vaccine in Childhood
Immunisation Programme.

139.Ip M, Lyon DJ, Yung RW, Chan C, Cheng AF (1999) Evidence of clonal
dissemination of multidrug-resistant Streptococcus pneumoniae in Hong
Kong. J Clin Microbiol 37: 2834-2839.

140.1p M, Lyon DJ, Yung RW, Chan C, Cheng AF (2001) Macrolide resistance in
Streptococcus pneumoniae in Hong Kong. Antimicrob Agents Chemother 45:
1578-1580.

141.Ip M, Chau SS, Chi F, Cheuk ES, Ma H, et al. (2007) Longitudinally tracking
fluoroquinolone resistance and its determinants in penicillin-susceptible and
-nonsusceptible Streptococcus pneumoniae isolates in Hong Kong, 2000 to
2005. Antimicrob Agents Chemother 51: 2192-2194.

142.Hsieh YC, Huang YC, Lin HC, Ho YH, Chang KY, et al. (2009) Characterization
of invasive isolates of Streptococcus pneumoniae among Taiwanese children.
Clin Microbiol Infect 15: 991-996.

143.Brueggemann AB, Peto TE, Crook DW, Butler JC, Kristinsson KG, et al.
(2004) Temporal and geographic stability of the serogroup-specific invasive
disease potential of Streptococcus pneumoniae in children. J Infect Dis 190:
1203-1211.

144.Lauderdale TL, Wagener MM, Lin HM, Huang IF, Lee WY, et al. (2006)
Serotype and antimicrobial resistance patterns of Streptococcus pneumoniae
isolated from Taiwanese children: comparison of nasopharyngeal and clinical
isolates. Diagn Microbiol Infect Dis 56: 421-426.

145.Lin WJ, Lo WT, Chou CY, Chen YY, Tsai SY, et al. (2006) Antimicrobial
resistance patterns and serotype distribution of invasive Streptococcus
pneumoniae isolates from children in Taiwan from 1999 to 2004. Diagn
Microbiol Infect Dis 56: 189-196.

146.Sjostrom K, Spindler C, Ortqvist A, Kalin M, Sandgren A, et al. (2006) Clonal
and capsular types decide whether pneumococci will act as a primary or
opportunistic pathogen. Clin Infect Dis 42: 451-459.

147.Sniadack DH, Schwartz B, Lipman H, Bogaerts J, Butler JC, et al. (1995)
Potential interventions for the prevention of childhood pneumonia: geographic
and temporal differences in serotype and serogroup distribution of sterile site
pneumococcal isolates from children--implications for vaccine strategies.
Pediatr Infect Dis J 14: 503-510.

148.Hsueh PR, Teng LJ, Wu TL, Yang D, Huang WK, et al. (2003) Telithromycin-
and fluoroquinolone-resistant Streptococcus pneumoniae in Taiwan with high
prevalence of resistance to macrolides and beta-lactams: SMART program
2001 data. Antimicrob Agents Chemother 47: 2145-2151.

149.Chiu CH, Su LH, Huang YC, Lai JC, Chen HL, et al. (2007) Increasing
ceftriaxone resistance and multiple alterations of penicillin-binding proteins
among penicillin-resistant Streptococcus pneumoniae isolates in Taiwan.
Antimicrob Agents Chemother 51: 3404-3406.

150.Chang B, Otsuka T, Iwaya A, Okazaki M, Matsunaga S, et al. (2010) Isolation
of Streptococcus pneumoniae serotypes 6C and 6D from the nasopharyngeal
mucosa of healthy Japanese children. Jpn J Infect Dis 63: 381-383.

151.Chiba N, Kobayashi R, Hasegawa K, Morozumi M, Nakayama E, et al. (2005)
Antibiotic susceptibility according to genotype of penicillin-binding protein
and macrolide resistance genes, and serotype of Streptococcus pneumoniae
isolates from community-acquired pneumonia in children. J Antimicrob
Chemother 56: 756-760.

152.Ko KS, Song JH (2004) Evolution of erythromycin-resistant Streptococcus
pneumoniae from Asian countries that contains erm(B) and mef(A) genes. J
Infect Dis 190: 739-747.

153.Vasoo S, Singh K, Chow C, Lin RT, Hsu LY, et al. (2010) Pneumococcal
carriage and resistance in children attending day care centers in Singapore in
an early era of PCV-7 uptake. J Infect 60: 507-509.

154.Chong CY, Koh-Cheng T, Yee-Hui M, Nancy TW (2008) Invasive
pneumococcal disease in Singapore children. Vaccine 26: 3427-3431.

155.Clarke SC, Jefferies JM, Smith AJ, McMenamin J, Mitchell TJ, et al. (2006)
Pneumococci causing invasive disease in children prior to the introduction of
pneumococcal conjugate vaccine in Scotland. J Med Microbiol 55: 1079-1084.

156.Ding F, Tang P, Hsu MH, Cui P, Hu S, et al. (2009) Genome evolution driven
by host adaptations results in a more virulent and antimicrobial-resistant
Streptococcus pneumoniae serotype 14. BMC Genomics 10: 158.

157.Rohani MY, Raudzah A, Ng AJ, Ng PP, Zaidatul AA, et al. (1999) Epidemiology
of Streptococcus pneumoniae infection in Malaysia. Epidemiol Infect 122: 77-
82.

J Vaccines Vaccin

Pneumococcal Vaccination

ISSN:2157-7560 JVV an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/20810803
http://www.ncbi.nlm.nih.gov/pubmed/20810803
http://www.ncbi.nlm.nih.gov/pubmed/20810803
http://www.ncbi.nlm.nih.gov/pubmed/20810803
http://www.ncbi.nlm.nih.gov/pubmed/17984328
http://www.ncbi.nlm.nih.gov/pubmed/17984328
http://www.ncbi.nlm.nih.gov/pubmed/17984328
http://www.ncbi.nlm.nih.gov/pubmed/19191622
http://www.ncbi.nlm.nih.gov/pubmed/19191622
http://www.ncbi.nlm.nih.gov/pubmed/19191622
http://www.ncbi.nlm.nih.gov/pubmed/19191622
http://www.ncbi.nlm.nih.gov/pubmed/19191605
http://www.ncbi.nlm.nih.gov/pubmed/19191605
http://www.ncbi.nlm.nih.gov/pubmed/19191605
http://www.epid.gov.lk.
http://www.epid.gov.lk.
http://www.ncbi.nlm.nih.gov/pubmed/19191606
http://www.ncbi.nlm.nih.gov/pubmed/19191606
http://www.ncbi.nlm.nih.gov/pubmed/19191606
http://www.ncbi.nlm.nih.gov/pubmed/21123100
http://www.ncbi.nlm.nih.gov/pubmed/21123100
http://www.ncbi.nlm.nih.gov/pubmed/21123100
http://www.ncbi.nlm.nih.gov/pubmed/19191607
http://www.ncbi.nlm.nih.gov/pubmed/19191607
http://www.ncbi.nlm.nih.gov/pubmed/19191607
http://www.ncbi.nlm.nih.gov/pubmed/21209528
http://www.ncbi.nlm.nih.gov/pubmed/21209528
http://www.ncbi.nlm.nih.gov/pubmed/21209528
http://www.ncbi.nlm.nih.gov/pubmed/21209528
http://www.ncbi.nlm.nih.gov/pubmed/19191608
http://www.ncbi.nlm.nih.gov/pubmed/19191608
http://www.ncbi.nlm.nih.gov/pubmed/19191608
http://www.ncbi.nlm.nih.gov/pubmed/22043379
http://www.ncbi.nlm.nih.gov/pubmed/22043379
http://www.ncbi.nlm.nih.gov/pubmed/21045368
http://www.ncbi.nlm.nih.gov/pubmed/21045368
http://www.ncbi.nlm.nih.gov/pubmed/21045368
http://www.ncbi.nlm.nih.gov/pubmed/20087750
http://www.ncbi.nlm.nih.gov/pubmed/20087750
http://www.ncbi.nlm.nih.gov/pubmed/20087750
http://www.ncbi.nlm.nih.gov/pubmed/20087750
http://www.ncbi.nlm.nih.gov/pubmed/21508171
http://www.ncbi.nlm.nih.gov/pubmed/21508171
http://www.ncbi.nlm.nih.gov/pubmed/21508171
http://www.ncbi.nlm.nih.gov/pubmed/21508171
http://www.ncbi.nlm.nih.gov/pubmed/21192863
http://www.ncbi.nlm.nih.gov/pubmed/21192863
http://www.ncbi.nlm.nih.gov/pubmed/21192863
http://www.ncbi.nlm.nih.gov/pubmed/21497634
http://www.ncbi.nlm.nih.gov/pubmed/21497634
http://www.ncbi.nlm.nih.gov/pubmed/21497634
http://www.ncbi.nlm.nih.gov/pubmed/21497634
http://www.ncbi.nlm.nih.gov/pubmed/21497634
http://www.ncbi.nlm.nih.gov/pubmed/17542413
http://www.ncbi.nlm.nih.gov/pubmed/17542413
http://www.ncbi.nlm.nih.gov/pubmed/17542413
http://www.ncbi.nlm.nih.gov/pubmed/12913778
http://www.ncbi.nlm.nih.gov/pubmed/12913778
http://www.ncbi.nlm.nih.gov/pubmed/12913778
http://www.ncbi.nlm.nih.gov/pubmed/12913778
http://www.chp.gov.hk/en/view_content/16076.html.
http://www.chp.gov.hk/en/view_content/16076.html.
http://www.chp.gov.hk/files/pdf/recommendations_on_the_use_of_13valent_pneumococcal_conjugate_vaccine_in_cip.pdf
http://www.chp.gov.hk/files/pdf/recommendations_on_the_use_of_13valent_pneumococcal_conjugate_vaccine_in_cip.pdf
http://www.chp.gov.hk/files/pdf/recommendations_on_the_use_of_13valent_pneumococcal_conjugate_vaccine_in_cip.pdf
http://www.ncbi.nlm.nih.gov/pubmed/10449461
http://www.ncbi.nlm.nih.gov/pubmed/10449461
http://www.ncbi.nlm.nih.gov/pubmed/10449461
http://www.ncbi.nlm.nih.gov/pubmed/11302833
http://www.ncbi.nlm.nih.gov/pubmed/11302833
http://www.ncbi.nlm.nih.gov/pubmed/11302833
http://www.ncbi.nlm.nih.gov/pubmed/17371818
http://www.ncbi.nlm.nih.gov/pubmed/17371818
http://www.ncbi.nlm.nih.gov/pubmed/17371818
http://www.ncbi.nlm.nih.gov/pubmed/17371818
http://www.ncbi.nlm.nih.gov/pubmed/19392891
http://www.ncbi.nlm.nih.gov/pubmed/19392891
http://www.ncbi.nlm.nih.gov/pubmed/19392891
http://www.ncbi.nlm.nih.gov/pubmed/15346329
http://www.ncbi.nlm.nih.gov/pubmed/15346329
http://www.ncbi.nlm.nih.gov/pubmed/15346329
http://www.ncbi.nlm.nih.gov/pubmed/15346329
http://www.ncbi.nlm.nih.gov/pubmed/16876978
http://www.ncbi.nlm.nih.gov/pubmed/16876978
http://www.ncbi.nlm.nih.gov/pubmed/16876978
http://www.ncbi.nlm.nih.gov/pubmed/16876978
http://www.ncbi.nlm.nih.gov/pubmed/16725302
http://www.ncbi.nlm.nih.gov/pubmed/16725302
http://www.ncbi.nlm.nih.gov/pubmed/16725302
http://www.ncbi.nlm.nih.gov/pubmed/16725302
http://www.ncbi.nlm.nih.gov/pubmed/16421787
http://www.ncbi.nlm.nih.gov/pubmed/16421787
http://www.ncbi.nlm.nih.gov/pubmed/16421787
http://www.ncbi.nlm.nih.gov/pubmed/7667055
http://www.ncbi.nlm.nih.gov/pubmed/7667055
http://www.ncbi.nlm.nih.gov/pubmed/7667055
http://www.ncbi.nlm.nih.gov/pubmed/7667055
http://www.ncbi.nlm.nih.gov/pubmed/7667055
http://www.ncbi.nlm.nih.gov/pubmed/17591850
http://www.ncbi.nlm.nih.gov/pubmed/17591850
http://www.ncbi.nlm.nih.gov/pubmed/17591850
http://www.ncbi.nlm.nih.gov/pubmed/17591850
http://www.ncbi.nlm.nih.gov/pubmed/20859012
http://www.ncbi.nlm.nih.gov/pubmed/20859012
http://www.ncbi.nlm.nih.gov/pubmed/20859012
http://www.ncbi.nlm.nih.gov/pubmed/16131518
http://www.ncbi.nlm.nih.gov/pubmed/16131518
http://www.ncbi.nlm.nih.gov/pubmed/16131518
http://www.ncbi.nlm.nih.gov/pubmed/16131518
http://www.ncbi.nlm.nih.gov/pubmed/16131518
http://www.ncbi.nlm.nih.gov/pubmed/15272402
http://www.ncbi.nlm.nih.gov/pubmed/15272402
http://www.ncbi.nlm.nih.gov/pubmed/15272402
http://www.ncbi.nlm.nih.gov/pubmed/18499309
http://www.ncbi.nlm.nih.gov/pubmed/18499309
http://www.ncbi.nlm.nih.gov/pubmed/16849728
http://www.ncbi.nlm.nih.gov/pubmed/16849728
http://www.ncbi.nlm.nih.gov/pubmed/16849728
http://www.ncbi.nlm.nih.gov/pubmed/19361343
http://www.ncbi.nlm.nih.gov/pubmed/19361343
http://www.ncbi.nlm.nih.gov/pubmed/19361343
http://www.ncbi.nlm.nih.gov/pubmed/10098788
http://www.ncbi.nlm.nih.gov/pubmed/10098788
http://www.ncbi.nlm.nih.gov/pubmed/10098788

Citation: Le C, Yusof MYM, Sekaran SD (2011) Current Trend in Pneumococcal Serotype Distribution in Asia. J Vaccines Vaccin S2:001.

doi:10.4172/2157-7560.S2-001

Page 16 of 16

158.Chokephaibulkit K, Srifuengfung S, Mingbanjerdsuk J, Tosasuk K, Vanprapar
N, et al. (2000) Evaluation of susceptibility status of invasive pneumococcal
isolates to various antibiotics and risk factors associated with invasive
penicillin-nonsusceptible pneumococcal infection: Bangkok 1997-1998.
Southeast Asian J Trop Med Public Health 31: 498-505.

159. Srifuengfung S, Tribuddharat C, Champreeda P, Daniels J, Chokephaibulkit K,
et al. (2008) Antimicrobial susceptibility of Streptococcus pneumoniae isolated
from patients with respiratory tract infections in Thailand. Southeast Asian J
Trop Med Public Health 39: 461-466.

160.Phetsouvanh R, Phongmany S, Soukaloun D, Rasachak B, Soukhaseum
V, et al. (2006) Causes of community-acquired bacteremia and patterns of
antimicrobial resistance in Vientiane, Laos. Am J Trop Med Hyg 75: 978-985.

161.Gupta A, Khaw FM, Stokle EL, George RC, Pebody R, et al. (2008) Outbreak
of Streptococcus pneumoniae serotype 1 pneumonia in a United Kingdom
school. BMJ 337: a2964.

162.Le Hello S, Watson M, Levy M, Marcon S, Brown M, et al. (2010) Invasive
serotype 1 Streptococcus pneumoniae outbreaks in the South Pacific from
2000 to 2007. J Clin Microbiol 48: 2968-2971.

163.Leimkugel J, Adams Forgor A, Gagneux S, Pfluger V, Flierl C, et al. (2005)
An outbreak of serotype 1 Streptococcus pneumoniae meningitis in northern
Ghana with features that are characteristic of Neisseria meningitidis meningitis
epidemics. J Infect Dis 192: 192-199.

164.Saha SK, Baqui AH, Darmstadt GL, Ruhulamin M, Hanif M, et al. (2003)
Comparison of antibiotic resistance and serotype composition of carriage and
invasive pneumococci among Bangladeshi children: implications for treatment
policy and vaccine formulation. J Clin Microbiol 41: 5582-5587.

165.Saha SK, Rikitomi N, Biswas D, Watanabe K, Ruhulamin M, et al. (1997)
Serotypes of Streptococcus pneumoniae causing invasive childhood infections
in Bangladesh, 1992 to 1995. J Clin Microbiol 35: 785-787.

166.Saha SK, Khan WA, Hoq MS, Salim AF, Akbar MS (1991) Penicillin-resistant
pneumococci in Bangladeshi children. Lancet 337: 734-735.

167.Saha SK, Rikitomi N, Ruhulamin M, Masaki H, Hanif M, et al. (1999)
Antimicrobial resistance and serotype distribution of Streptococcus
pneumoniae strains causing childhood infections in Bangladesh, 1993 to
1997. J Clin Microbiol 37: 798-800.

168.Leiberman A, Leibovitz E, Piglansky L, Raiz S, Press J, et al. (2001)
Bacteriologic and clinical efficacy of trimethoprim-sulfamethoxazole for
treatment of acute otitis media. Pediatr Infect Dis J 20: 260-264.

169.Sazawal S, Black RE (2003) Effect of pneumonia case management on
mortality in neonates, infants, and preschool children: a meta-analysis of
community-based trials. Lancet Infect Dis 3: 547-556.

170.Batuwanthudawe R, Karunarathne K, Dassanayake M, de Silva S, Lalitha MK,
et al. (2009) Surveillance of invasive pneumococcal disease in Colombo, Sri
Lanka. Clin Infect Dis 48: S136-S140.

171.World Bank. Nepal at a glance.

172.Dawson P, Pradhan Y, Houston R, Karki S, Poudel D, et al. (2008) From
research to national expansion: 20 years’ experience of community-based
management of childhood pneumonia in Nepal. Bull World Health Organ 86:
339-343.

173.Dobay O, Rozgonyi F, Hajdu E, Nagy E, Knausz M, et al. (2003) Antibiotic
susceptibility and serotypes of Streptococcus pneumoniae isolates from
Hungary. J Antimicrob Chemother 51: 887-893.

174.Michel N, Watson M, Baumann F, Perolat P, Garin B (2005) Distribution of
Streptococcus pneumoniae serotypes responsible for penicillin resistance and
the potential role of new conjugate vaccines in New Caledonia. J Clin Microbiol
43: 6060-6063.

175.Shibl A, Memish Z, Pelton S (2009) Epidemiology of invasive pneumococcal
disease in the Arabian Peninsula and Egypt. Int J Antimicrob Agents 33: 410
e411-419.

This article was originally published in a special issue, Pneumococcal
Vaccination handled by Editor(s). Dr. Imohl Matthias, Institute of Medical
Microbiology, Germany

176.Esel D, Doganay M, Alp E, Sumerkan B (2003) Prospective evaluation of
blood cultures in a Turkish university hospital: epidemiology, microbiology and
patient outcome. Clin Microbiol Infect 9: 1038-1044.

177.Ceyhan M, Yildirim |, Balmer P, Borrow R, Dikici B, et al. (2008) A prospective
study of etiology of childhood acute bacterial meningitis, Turkey. Emerg Infect
Dis 14: 1089-1096.

178.Firat M, Ersoy Y, Esel D, Bayraktar M, Caylan R, et al. (2006) Antimicrobial
susceptibility and serotype distribution of pneumococci strains isolated from
meningitis patients. Mikrobiyol Bul 40: 169-177.

179.Gur D, Guciz B, Hascelik G, Esel D, Sumerkan B, et al. (2001) Streptococcus
pneumoniae penicillin resistance in Turkey. J Chemother 13: 541-545.

180.Yalcin I, Gurler N, Alhan E, Yaman A, Turgut M, et al. (2006) Serotype
distribution and antibiotic susceptibility of invasive Streptococcus pneumoniae
disease isolates from children in Turkey, 2001-2004. Eur J Pediatr 165: 654-
657.

181.Telli M, Eyigor M, Gultekin B, Aydin N (2011) Evaluation of resistance
mechanisms and serotype and genotype distributions of macrolide-resistant
strains in clinical isolates of Streptococcus pneumonia in Aydin, Turkey. J
Infect Chemother 17: 658-664.

182.Sener B, Tunckanat F, Ulusoy S, Tunger A, Soyletir G, et al. (2007) A survey
of antibiotic resistance in Streptococcus pneumoniae and Haemophilus
influenzae in Turkey, 2004 2005. J Antimicrob Chemother 60: 587-593.

183.de la Campa AG, Ardanuy C, Balsalobre L, Perez-Trallero E, Marimon JM,
et al. (2009) Changes in fluoroquinolone-resistant Streptococcus pneumoniae
after 7-valent conjugate vaccination, Spain. Emerg Infect Dis 15: 905-911.

184.Farrell DJ, Couturier C, Hryniewicz W (2008) Distribution and antibacterial
susceptibility of macrolide resistance genotypes in Streptococcus pneumoniae:
PROTEKT Year 5 (2003-2004). Int J Antimicrob Agents 31: 245-249.

185.Gulay Z, Ozbek OA, Bicmen M, Gur D (2008) Macrolide resistance
determinants in erythromycin-resistant Streptococcus pneumoniae in Turkey.
Jpn J Infect Dis 61: 490-493.

186.Barkai G, Greenberg D, Givon-Lavi N, Dreifuss E, Vardy D, et al. (2005)
Community prescribing and resistant Streptococcus pneumoniae. Emerg
Infect Dis 11: 829-837.

187.Dagan R, Barkai G, Leibovitz E, Dreifuss E, Greenberg D (2006) Will reduction
of antibiotic use reduce antibiotic resistance?: The pneumococcus paradigm.
Pediatr Infect Dis J 25: 981-986.

188.Greenberg D, Givon-Lavi N, Sharf AZ, Vardy D, Dagan R (2008) The
association between antibiotic use in the community and nasopharyngeal
carriage of antibiotic-resistant Streptococcus pneumoniae in Bedouin children.
Pediatr Infect Dis J 27: 776-782.

189.Gordon SB, Kanyanda S, Walsh AL, Goddard K, Chaponda M, et al. (2003)
Poor potential coverage for 7-valent pneumococcal conjugate vaccine,
Malawi. Emerg Infect Dis 9: 747-749.

190.Levine OS, O’Brien KL, Knoll M, Adegbola RA, Black S, et al. (2006)
Pneumococcal vaccination in developing countries. Lancet 367: 1880-1882.

191.Song JH, Chang HH, Suh JY, Ko KS, Jung SI, et al. (2004) Macrolide
resistance and genotypic characterization of Streptococcus pneumoniae in
Asian countries: a study of the Asian Network for Surveillance of Resistant
Pathogens (ANSORP). J Antimicrob Chemother 53: 457-463.

192.Song JH, Jung SI, Ko KS, Kim NY, Son JS, et al. (2004) High prevalence of
antimicrobial resistance among clinical Streptococcus pneumoniae isolates in
Asia (an ANSORP study). Antimicrob Agents Chemother 48: 2101-2107.

193.Pai R, Gertz RE, Beall B (2006) Sequential multiplex PCR approach for
determining capsular serotypes of Streptococcus pneumoniae isolates. J Clin
Microbiol 44: 124-131.

J Vaccines Vaccin

Pneumococcal Vaccination

ISSN:2157-7560 JVV an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/11289009
http://www.ncbi.nlm.nih.gov/pubmed/11289009
http://www.ncbi.nlm.nih.gov/pubmed/11289009
http://www.ncbi.nlm.nih.gov/pubmed/11289009
http://www.ncbi.nlm.nih.gov/pubmed/11289009
http://www.ncbi.nlm.nih.gov/pubmed/18564685
http://www.ncbi.nlm.nih.gov/pubmed/18564685
http://www.ncbi.nlm.nih.gov/pubmed/18564685
http://www.ncbi.nlm.nih.gov/pubmed/18564685
http://www.ncbi.nlm.nih.gov/pubmed/17124000
http://www.ncbi.nlm.nih.gov/pubmed/17124000
http://www.ncbi.nlm.nih.gov/pubmed/17124000
http://www.ncbi.nlm.nih.gov/pubmed/19118084
http://www.ncbi.nlm.nih.gov/pubmed/19118084
http://www.ncbi.nlm.nih.gov/pubmed/19118084
http://www.ncbi.nlm.nih.gov/pubmed/20534799
http://www.ncbi.nlm.nih.gov/pubmed/20534799
http://www.ncbi.nlm.nih.gov/pubmed/20534799
http://www.ncbi.nlm.nih.gov/pubmed/15962213
http://www.ncbi.nlm.nih.gov/pubmed/15962213
http://www.ncbi.nlm.nih.gov/pubmed/15962213
http://www.ncbi.nlm.nih.gov/pubmed/15962213
http://www.ncbi.nlm.nih.gov/pubmed/14662944
http://www.ncbi.nlm.nih.gov/pubmed/14662944
http://www.ncbi.nlm.nih.gov/pubmed/14662944
http://www.ncbi.nlm.nih.gov/pubmed/14662944
http://www.ncbi.nlm.nih.gov/pubmed/9041437
http://www.ncbi.nlm.nih.gov/pubmed/9041437
http://www.ncbi.nlm.nih.gov/pubmed/9041437
http://www.ncbi.nlm.nih.gov/pubmed/1672200
http://www.ncbi.nlm.nih.gov/pubmed/1672200
http://www.ncbi.nlm.nih.gov/pubmed/11303827
http://www.ncbi.nlm.nih.gov/pubmed/11303827
http://www.ncbi.nlm.nih.gov/pubmed/11303827
http://www.ncbi.nlm.nih.gov/pubmed/12954560
http://www.ncbi.nlm.nih.gov/pubmed/12954560
http://www.ncbi.nlm.nih.gov/pubmed/12954560
http://www.ncbi.nlm.nih.gov/pubmed/19191609
http://www.ncbi.nlm.nih.gov/pubmed/19191609
http://www.ncbi.nlm.nih.gov/pubmed/19191609
http://devdata.worldbank.org/AAG/npl_aag.pdf
http://www.ncbi.nlm.nih.gov/pubmed/18545735
http://www.ncbi.nlm.nih.gov/pubmed/18545735
http://www.ncbi.nlm.nih.gov/pubmed/18545735
http://www.ncbi.nlm.nih.gov/pubmed/18545735
http://www.ncbi.nlm.nih.gov/pubmed/12654736
http://www.ncbi.nlm.nih.gov/pubmed/12654736
http://www.ncbi.nlm.nih.gov/pubmed/12654736
http://www.ncbi.nlm.nih.gov/pubmed/16333099
http://www.ncbi.nlm.nih.gov/pubmed/16333099
http://www.ncbi.nlm.nih.gov/pubmed/16333099
http://www.ncbi.nlm.nih.gov/pubmed/16333099
http://www.ncbi.nlm.nih.gov/pubmed/18976887
http://www.ncbi.nlm.nih.gov/pubmed/18976887
http://www.ncbi.nlm.nih.gov/pubmed/18976887
http://www.ncbi.nlm.nih.gov/pubmed/14616749
http://www.ncbi.nlm.nih.gov/pubmed/14616749
http://www.ncbi.nlm.nih.gov/pubmed/14616749
http://www.ncbi.nlm.nih.gov/pubmed/18598630
http://www.ncbi.nlm.nih.gov/pubmed/18598630
http://www.ncbi.nlm.nih.gov/pubmed/18598630
http://www.ncbi.nlm.nih.gov/pubmed/17001845
http://www.ncbi.nlm.nih.gov/pubmed/17001845
http://www.ncbi.nlm.nih.gov/pubmed/17001845
http://www.ncbi.nlm.nih.gov/pubmed/11760219
http://www.ncbi.nlm.nih.gov/pubmed/11760219
http://www.ncbi.nlm.nih.gov/pubmed/16602003
http://www.ncbi.nlm.nih.gov/pubmed/16602003
http://www.ncbi.nlm.nih.gov/pubmed/16602003
http://www.ncbi.nlm.nih.gov/pubmed/16602003
http://www.ncbi.nlm.nih.gov/pubmed/21461656
http://www.ncbi.nlm.nih.gov/pubmed/21461656
http://www.ncbi.nlm.nih.gov/pubmed/21461656
http://www.ncbi.nlm.nih.gov/pubmed/21461656
http://www.ncbi.nlm.nih.gov/pubmed/17597058
http://www.ncbi.nlm.nih.gov/pubmed/17597058
http://www.ncbi.nlm.nih.gov/pubmed/17597058
http://www.ncbi.nlm.nih.gov/pubmed/19523289
http://www.ncbi.nlm.nih.gov/pubmed/19523289
http://www.ncbi.nlm.nih.gov/pubmed/19523289
http://www.ncbi.nlm.nih.gov/pubmed/19050364
http://www.ncbi.nlm.nih.gov/pubmed/19050364
http://www.ncbi.nlm.nih.gov/pubmed/19050364
http://www.ncbi.nlm.nih.gov/pubmed/15963276
http://www.ncbi.nlm.nih.gov/pubmed/15963276
http://www.ncbi.nlm.nih.gov/pubmed/15963276
http://www.ncbi.nlm.nih.gov/pubmed/17006311
http://www.ncbi.nlm.nih.gov/pubmed/17006311
http://www.ncbi.nlm.nih.gov/pubmed/17006311
http://www.ncbi.nlm.nih.gov/pubmed/18645545
http://www.ncbi.nlm.nih.gov/pubmed/18645545
http://www.ncbi.nlm.nih.gov/pubmed/18645545
http://www.ncbi.nlm.nih.gov/pubmed/18645545
http://www.ncbi.nlm.nih.gov/pubmed/12781021
http://www.ncbi.nlm.nih.gov/pubmed/12781021
http://www.ncbi.nlm.nih.gov/pubmed/12781021
http://www.ncbi.nlm.nih.gov/pubmed/14963068
http://www.ncbi.nlm.nih.gov/pubmed/14963068
http://www.ncbi.nlm.nih.gov/pubmed/14963068
http://www.ncbi.nlm.nih.gov/pubmed/14963068
http://www.ncbi.nlm.nih.gov/pubmed/15155207
http://www.ncbi.nlm.nih.gov/pubmed/15155207
http://www.ncbi.nlm.nih.gov/pubmed/15155207
http://www.ncbi.nlm.nih.gov/pubmed/16390959
http://www.ncbi.nlm.nih.gov/pubmed/16390959
http://www.ncbi.nlm.nih.gov/pubmed/16390959

	Title
	Corresponding author
	Abstract
	Keywords
	Abbreviations
	Introduction
	Methods
	East Asia 
	China
	Hong Kong 
	Taiwan
	Japan
	South Korea 

	Southeast Asia 
	Singapore
	Malaysia
	Thailand
	Laos

	South Asia 
	Bangladesh
	Sri Lanka 
	Nepal
	Pakistan

	West Asia 
	Oman
	Turkey
	Palestine
	Israel

	Discussion
	Conclusions
	Table 1
	Table 2
	References



