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Background: Streptococcus pneumoniae infection is associated with a high morbidity and mortality world-
wide. There are currently >98 known serotypes; the most burdensome are covered by current pneumo-
coccal conjugate vaccines (PCVs) such as PCV10 (Synflorix�) and (Prevnar 13�) PCV13. However, at
present no PCV is available on the National Expanded Programme of Immunization (EPI) in Thailand.
Methods: Here we report a systematic review of studies regarding pneumococci associated with invasive
pneumococcal disease (IPD) and non-IPD in Thailand. The NCBI PubMed database and Google Scholar
were used to identify relevant papers published from 1st January 1990 to 21st August 2017. The quan-
titative analysis was reported as the distribution of serotypes across two age groups, �5 and >5 years
old, as these were the most commonly reported. Where age was not stated, or data was combined, data
were categorised as all ages.
Results: The search returned 15 relevant articles. From these the five most common disease-causing ser-
otypes, in rank order, were 6B, 23F, 14, 19A and 19F. Vaccine coverage would be 55.3% for PCV10 and
69.7% for PCV13. There was insufficient data to draw conclusions regarding non-invasive disease-
causing pneumococcal serotypes.
Conclusion: This review demonstrates that the serotypes which were most responsible for disease in
Thailand are included in PCV10 and PCV13. Better surveillance data of IPD and non-IPD are required
for monitoring vaccine effectiveness if PCV is implemented nationally.

� 2019 Elsevier Ltd. All rights reserved.
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1. Introduction

Streptococcus pneumoniae (the pneumococcus) is a significant
human pathogen, which has the greatest impact on the youngest
of the global population [1]. The 10th International Symposium
on Pneumococci & Pneumococcal Diseases estimated 335,000
deaths of children worldwide were attributed to pneumococcal
disease in 2015 [2]. Pneumococci are commonly carried in the
upper respiratory tract (URT) as part of the commensal microflora.
This is considered a risk factor for the development of invasive
pneumococcal diseases (IPD) – including pneumonia, bacteraemia,
meningitis and septicaemia – and non-invasive pneumococcal dis-
eases (non-IPD) including sinusitis and acute otitis media (AOM)
[3].

The polysaccharide capsule is an important virulence factor for
the pneumococcus as it prevents phagocytosis and is required for
colonisation and invasive disease [4]. Although there are currently
at least 98 known pneumococci capsular serotypes [5], 91% of all
IPD is caused by <30 serotypes [6]. New serotypes are continuously
being identified [7].

There are two types of vaccines that protect against
S. pneumoniae, the pneumococcal polysaccharide vaccine (PPV)
and the pneumococcal conjugate vaccine (PCV). The current PPV
(PPV23), known as Pneumovax 23�, was licensed in 1983 when
the included serotypes (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A,
12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and 33F) accounted
for 85–90% of IPD infections in the USA [8]. PPV23 is most effica-
cious in healthy young adults but universal vaccination of the
elderly is advised by most developed countries [9]. However, chil-
dren were left vulnerable as PPV23 is only licensed in those
>2 years due to its inability to produce long-term immunological
memory in younger children [10]. Currently, there are two conju-
gate vaccines available; Synflorix� (PCV10, GlaxoSmithKline) was
licensed in 2009 and contains ten pneumococcal serotypes (1, 4,
5, 6B, 7F, 9V, 14, 18C, 19F and 23F) conjugated to protein D,
diphtheria or tetanus toxoid carrier proteins. Prevnar 13�

(PCV13, Pfizer) was licensed in 2010 and includes a further three
serotypes (3, 6A and 19A), of which all 13 serotypes are conjugated
to diphtheria carrier protein. This superseded a previous heptava-
lent version of Prevnar that contained seven serotypes (4, 6B, 9V,
14, 18C, 19F and 23F). All PCV vaccines have been shown to be
efficacious in people of all ages by invoking an immunological T
cell-dependent response [10].

Vaccine availability is limited to private sales in many countries
within theWHOSouth EastAsia andWesternPacific regions, includ-
ing Thailand, due to the high cost of the vaccine (�122 USD/dose
[11]), the economic state of the country [12], and competing interest
with other National Expanded Programme of Immunization (EPI)
vaccines [13]. PCV10 and PCV13 are gradually being introduced in
these regions independently and with help from The Vaccine
Alliance (GAVI). GAVI aids eligible countries to introduce PCV into
national immunisation programmes (NIPs) by reducing the cost of
the vaccine to <10% of the original price (3.50 USD). Within the last
three years, Bangladesh, Cambodia, Laos (Lao People’s Democratic
Republic), Myanmar, Nepal and the Republic of Korea within the
WHO South East Asia and Western Pacific regions have introduced
a PCV into their NIP [14] and all but the latter had the support of
GAVI. In addition, Singapore implemented a PCV into their NIP in
2005 without support. As of 2018, five additional South East Asia
countries (Bhutan, India, Indonesia, Sri Lanka and Timor-Leste) have
been given the opportunity to apply for reduced vaccine cost
throughGAVI. India, Indonesia and the Philippineshave alreadypar-
tially introduced PCVwith India using support fromGAVI. However,
as a middle-income country, Thailand is not eligible for GAVI sup-
port and as such, PCV is currently not included in the EPI, alongwith
four other countries within theWHO South East Asia region [14,15].
It is believed that if a PCVwas introduced in Thailand, uptakewould
be >99% as achieved with seven current EPI vaccines in 2017 [16].
However, without financial support, PCV10 and PCV13 have been
considered not cost-effective unless the price per dose is decreased
by 70–90% [17].

The epidemiology of disease associated pneumococcal sero-
types has been studied globally through individual studies and glo-
bal projects, such as the Global Pneumococcal Sequencing Project
(GPS) [18,19]. Developed countries in Europe and North America
have extensive surveillance covering all ages and locations pre
and post PCV introduction [20]. Asia has the fastest growing popu-
lation and an estimated 185,000 deaths are attributed to IPD each
year in SE Asia and so comprehensive surveillance is essential.
However, the data is relatively limited and incomplete in SE Asia,
particularly in individual countries [21]. In Thailand, regional data
is especially lacking, along with data from adults, for both IPD and
non-IPD [20]. Most significant is the lack of studies monitoring
nasopharyngeal carriage, particularly in those at higher risk, as
pneumococcal infection is preceded by colonisation [22].

The increasing prevalence and emergence of antibiotic resistant
pneumococci in SE Asia is a serious concern [23–25]. It requires
constant surveillance; however, SE Asia presents a large gap in
the global study as evidenced by the global antimicrobial resis-
tance surveillance system (GLASS) study [25]. This review sum-
marises available information regarding pneumococcal serotype
distribution in Thailand over the last 27 years. It also highlights
the need for increased and continued study of disease-causing ser-
otypes in all ages both regionally and countrywide.
2. Methods

The NCBI PubMed database and Google Scholar were used to
identify relevant papers published from 1st January 1990 to 21st
August 2017. The search was carried out and limited to studies
published in English from Thailand. Search terms included: Strep-
tococcus pneumoniae, S. pneumoniae, pneumococcus, pneumococcal
infection, IPD, invasive, non-IPD, non-invasive, Thailand, Thai and
serotype. They were separated by the binary operators ‘‘AND”,
‘‘OR” and ‘‘()” and used to search the title, abstract and main text.
Further relevant studies were identified using the reference lists of
the primary papers. Studies from all provinces of Thailand were
accepted alongside all those reporting on IPD and non-IPD, with
non-IPD isolates defined as those causing disease that were col-
lected from non-sterile sites. Studies that did not include serotype
data were excluded from the quantitative analysis. All reported
serotypes were generated or confirmed using latex agglutination
or Quellung reaction. The quantitative analysis was defined as
the distribution of serotypes across, where possible, the two most
commonly reported age groups: �5 and >5 years old. Where age
was not reported, or reports were combined, data were categorised
as all ages.

Serotype prevalence with 95% confidence intervals was calcu-
lated using Excel 2016. Statistical analysis was performed using
the Mann-Whitney U test to compare the predicted efficacy of
two vaccines using GraphPad Prism version 7.03 for Windows [26].
3. Results

The search returned 55 articles from the NCBI PubMed database
and 107 articles from Google Scholar (Fig. 1). In total, 10 studies
provided information relevant to the review that reported on IPD
and non-IPD and were used to analyse the serotype prevalence.
Seven studies reported on IPD and three on IPD and non-IPD
(Table 1). These studies represented 1922 isolates of which 1285
were IPD and 637 were non-IPD. Quellung-derived serotype data



Table 1
Summary of qualifying studies reported in Thailand.

No. Article Title (Year) Collection
Period

No. of
Isolates*

IPD/non-IPD Age
Range

Location Serotypes Identified

1 Serotype distribution and antimicrobial susceptibility of
S. pneumoniae causing invasive disease in Thai children
younger than 5 years old, 2000–2005 (2007) [29]

2000–2005 115 (87.8%) IPD <5 Bangkok &
Thailand
National
Institute of
Health

6B, 23F, 14, 19F, 19A, 1,
5, 6A, 9V, 18C

2 Serotype coverage of pneumococcal conjugate vaccine
and drug susceptibility of Streptococcus pneumoniae
isolated from invasive or non-invasive diseases in
central Thailand, 2006–2009 (2010) [30]

2006–2009 174 (67.2%)
IPD
42 (76.2%)
non-IPD

IPD &
non IPD

<5
5–64
>65
<5 (non-IPD)

Bangkok,
Nakorn
Pratom &
Nonthaburi

6B, 23F, 14, 19F, 19A,
6A, 9V, 18C, 3, 4, 7F

3 Pneumococcal Bacteremia Requiring Hospitalization in
Rural Thailand: An Update on Incidence, Clinical
Characteristics, Serotype Distribution, and Antimicrobial
Susceptibility, 2005–2010 (2013) [27]

2005–2010 196 (82.1%) IPD <5
�5

Sa Kaeo &
Nakhon
Phanom

6B, 23F, 14, 19F, 19A, 1,
6A, 9V, 18C, 3, 4, 7F,

4 Serotypes and antimicrobial susceptibilities of
Streptococcus pneumoniae isolated from hospitalized
patients in Thailand. (2007) [33]

1997–2000 102 (73.5%)
IPD
105 (64.8%)
non-IPD

IPD &
non-IPD

Not stated Bangkok 6B, 23F, 14, 19F, 19A, 1,
6A, 9V, 18C, 3, 4, 7F

5 Changing trends in serotype distribution and
antimicrobial susceptibility of Streptococcus pneumoniae
causing invasive diseases in Central Thailand, 2009–
2012 (2014) [31]

2009–2012 238 (60.1%) IPD �5
6–49
50–64
�65

Bangkok &
other
provinces

6B, 23F, 19F, 19A, 3

6 Serotype distribution and antibiotic susceptibility of
invasive Streptococcus pneumoniae isolates in patients
aged 50 years or older in Thailand. (2014) [32]

2005–2012 157 (58%) IPD �50 Bangkok 6B, 23F, 14, 19F, 19A,
6A, 6C, 15B/C, 34, NT

7 Serotypes and antimicrobial resistance of Streptococcus
pneumoniae in Thailand 2002–2004 (2006) [28]

2002–2004 149 (62.4%)
IPD
490 (43.3%)
non-IPD

IPD &
non-IPD

<5
�5

Sa Kaeo 6B, 23F, 14, 19F, 1, 5, 9V,
18C, 3, 4

8 Spread of Drug-Resistant Streptococcus pneumoniae in
Asian Countries: Asian Network for Surveillance of
Resistant Pathogens (ANSORP) Study (1999) [23]

1996–1997 29 (79.3%) IPD Not stated Bangkok 6B, 23F, 14, 19F, 19A, 3

9 High Prevalence of Antimicrobial Resistance among
Clinical Streptococcus pneumoniae Isolates in Asia (an
ANSORP Study) (2004) [24]

Jan 2000 –
Jun 2001

51 (64.7%) IPD <18
�18

Bangkok 23F, 14, 19F, 19A, 6A,
9V, 18C

10 Incidence of Pneumococcal Bacteremia Requiring
Hospitalization in Rural Thailand (2009) [13]

May 2005 –
June 2007

74 (81.1%) IPD <5
�5

Sa Kaeo &
Nakhon
Phanom

6B, 23F, 14, 19F, 19A, 1,
6A, 9V, 3, 4, 7F, 34

* Parenthesis indicates percentage of isolates with available serotype data.

Fig. 1. Flow chart showing record identification for the systematic search.
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were available for 69.7% (n = 896) of IPD and 49% (n = 312) of non-
IPD isolates (Tables 1 and 2).

3.1. Serotype distribution among invasive pneumococci in Thailand

Across all studies, the most common serotype found causing
disease in all age groups was 6B (14.7% (95CI: 12.8–16.6%)), fol-
lowed by serotypes 23F (11.4% (95CI: 9.7–13.1)), 14 (7.8% (95CI:
6.3–9.3)), 19A (7.5% (95CI: 6.1–8.9)) and 19F (5.8% (95CI: 4.5–
8.1)); an additional 360 (28% (95CI: 25.6–30.5)) isolates were cat-
egorised as non-vaccine types (NVTs) (Table 2 and Fig. 2). PCV10
and PCV13 vaccine types formed 55.3% (95CI: 52.6–58.0) and
Table 2
Distribution of carried and disease-causing serotypes across ages.

Serotype IPD (%)

�5 >5 URD

PCV7 4 0.7 (3)* 5.6 (41) 2 (3)
6B 20.3 (83) 10.8 (79) 18.4 (27
9 V 2.6 (11) 2.2 (16) 1.4 (2)
14 14.2 (58) 4.9 (36) 4.1 (6)
18C 2.2 (9) 5.1 (37) 4.1 (6)
19F 7.2 (32) 5.1 (37) 3.4 (5)
23F 16.1 (66) 7.7 (56) 16.3 (24

PCV10 1 2.9 (12) 3 (22) 2.7 (4)
5 0.7 (3) 1 (7) 1.4 (2)
7F 0.2 (1) 2.9 (21) 0.7 (1)

PCV13 3 0.2 (1) 6 (44) 5.4 (8)
6A 4.2 (17) 2.2 (16) 2 (3)
19A 8.1 (33) 13.9 (57) 4.8 (7)

NVT 19.6 (80) 25.7 (2 6 0) 13.6 (20
NT 0 (0) 0 (0) 19.7 (29
Totals 409 729 147

Percentage of isolates reported: IPD (n = 1285), non-IPD (n = 637). Data shows isolates fro
– Nontypeable, serotype could not be determined by Quellung reaction, NVT – Non-vac

* Parenthesis indicates number of isolates reported.
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Fig. 2. Distribution of IPD Serotypes across Ages. Data shows percentage of isolates from
number of isolates reported: �5 (n = 409), >5 (n = 729), unreported (n = 147). NT – Nonty
type, serotypes were not included in any conjugate vaccine.
69.7% (95CI: 67.2–72.2) of the dataset respectively. Across all IPD
studies, 329 serotyped isolates were reported from children
�5 years of age, showing the most prevalent serotypes to be 6B
(20.3% (95CI: 16.4–24.2)), 23F (16.1% (95CI: 12.5–19.7)) and 14
(14.2% (95CI: 10.8–17.6)) (Table 2). Predicted vaccine serotype cov-
erage of IPD isolates collected from those �5 years of age ranged
from 68% (95CI: 63.5–72.5) for PCV10 to 80.4% (95CI: 76.5–84.3)
for PCV13. There were 469 reported serotyped isolates for those
>5 years of age, of which 6B was the most prevalent (10.8%
(95CI: 8.6–13.1)), followed by 19A (7.8% (95CI: 5.9–9.8)), 23F
(7.6% (95CI: 5.7–9.5)), 3 (6% (95CI: 4.3–7.7)) and 4 (5.6% (95CI:
3.9–7.3)) (Table 2). Vaccine serotypes found in those >5 years of
Non-IPD (%) Totals

�5 >5 URD

0.7 (2) 1.7 (3) 0 (0) 52
) 14.8 (44) 8.6 (15) 11 (18) 266

1 (3) 1.7 (3) 2.4 (4) 39
9.7 (29) 5.1 (9) 0 (0) 138
1.3 (4) 3.4 (6) 1.2 (2) 64
14.8 (44) 7.4 (13) 11.6 (19) 150

) 13.4 (40) 4.6 (8) 9.1 (15) 209

0 (0) 2.3 (4) 0 (0) 42
0 (0) 0 (0) 0 (0) 12
0 (0) 0 (0) 1.2 (2) 25

2.3 (7) 2.9 (5) 3.7 (6) 71
1.3 (4) 0 (0) 0.6 (1) 41
0.3 (1) 0 (0) 0.6 (1) 99

) 40.3 (1 2 0) 62.3 (1 0 9) 7.3 (12) 601
) 0 (0) 0 (0) 51.2 (84) 113

298 175 164 1922

m�5 yrs, >5 yrs and unreported (URD): ages assumed as collected across all ages. NT
cine type, serotypes were not included in any conjugate vaccine.

7F 3 6A 19A 6C 15B/C 34 NVT NT

type

URD

�5 yrs, >5 yrs and unreported (URD) ages assumed as collected across all ages. Total
peable: serotype could not be determined by Quellung reaction. NVT – Non-vaccine
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age with IPD were not significantly less prevalent than those found
in �5 years of age (48.3% and 64.3% for PCV10 (95CI: 44.7–51.9;
P > 0.05) and PCV13 (95CI: 60.8–67.8; P > 0.05) respectively).

There were five studies conducted prior to the private introduc-
tion of PCV7 in Thailand in 2006 [23,24,28,29,33]. Two studies
were conducted after 2006 [30,31] and two were from 2005
onwards [27,32]. Whilst the most prevalent serotypes remained
the same, excluding serotype 19A, the rank order changed. Before
vaccine introduction in 2006, serotype 19A was not prevalent
(3.5% (95CI: 1.7–5.2%)), there was a significant increase in preva-
lence after 2006 (9.8% (95CI: 7.7–11.9, P > 0.05)). In addition,
non-PCV13-types significantly increased after the introduction of
PCV7 (P > 0.05).

Three of the studies (n = 419 IPD isolates) were observed in
either the rural provinces of Nakhon Phanom or Sa Kaeo
[13,27,28]. Seven studies (n = 866 isolates) reported from hospitals
located in the more urbanised Central Thailand [23,24,29–33]. Ser-
otypes 23F (13.4% (95CI: 10.1–16.7)), 14 (11% (95CI: 8–14)) and 6B
(9.8% (95CI: 7–12.7)) were most prevalent in rural areas and sero-
types 6B (17.1% (95CI: 14.6–19.6)), 23F (10.4% (95CI: 8.4–12.4))
and 19A (8.2% (95CI: 6.4–10) were most prevalent in urban areas.
Predicted vaccine coverage of isolates collected from rural regions
was insignificantly higher than those collected from urban areas
with 59.9% (95CI: 55.2–64.6) and 53% (95CI: 49.7–56.3) PCV10
coverage (P > 0.05) and 74.9% (95CI: 70.8–79.1) and 67.2% (95CI:
64.1–70.3) for PCV13 coverage (P > 0.05) for rural and urban
regions respectively.
3.2. Serotype distribution among non-invasive pneumococcal disease
in Thailand

Three studies reported serotype data from non-IPD causing
pneumococci (n = 312). The isolates were mostly collected from
nasopharyngeal swabs (76.9%), the remaining sources included
other respiratory specimens, ear and eye swabs and gastric washes.
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Fig. 3. Distribution of non-IPD Serotypes across Ages. Data shows percentage of isolates
number of isolates reported: �5 (n = 298), >5 (n = 175), unreported (n = 164). NT – Nonty
type, serotypes were not included in any conjugate vaccine.
The most common serotypes were 6B (12.1% (95CI: 9.6–14.6)), 19F
(11.9% (95CI: 9.4–14.4)) and 23F (9.9% (95CI: 7.6–12.2)) (Table 2
and Fig. 3), with a further 241 (37.8% (95CI: 34–41.6)) isolates
reported as NVTs. Vaccine serotypes accounted for 45% (95CI:
41.1–48.9) for PCV10 and 49% (95CI: 45.1–52.9) for PCV13. More
isolates were collected from young children (�5 years) than those
>5 years of age. In those �5 years of age (n = 289), the most preva-
lent serotypes were 6B and 19F (15.2% (95CI: 11.1–19.3)) followed
by 23F (13.8% (95CI: 9.9–17.7)) with an additional 40.3% (95CI:
34.7–45.9) of the dataset reported as NVTs (Table 2). PCV10 cover-
age would have been 55.7% (95CI: 50.1–61.34) and PCV13 coverage
would have been 59.7% (95CI: 54.1–65.3). For patients >5 years of
age (n = 175), predicted PCV10 and PCV13 coverage was 34.9%
(95CI: 27.8–42) and 37.7% (95CI: 30.5–44.9) and serotype 6B
(8.6% (95CI: 4.5–12.8)) and 19F (7.4% (95CI: 3.5–11.3)) were also
most prevalent in this age group with NVTs making up an addi-
tional 62.3% (95CI: 55.1–69.5) of the dataset (Table 2).
4. Discussion

There are limited data available regarding serotype distribution
in Thailand. This review summarises the data available prior to PCV
implementation to aid in the analysis of vaccine effectiveness in
the future. Collection periods were taken both before and after
PCV became available privately in 2006, although uptake was
low and so data may be considered as pre-PCV introduction [31].
This review has highlighted serotypes 6B, 23F, 19A, 14 and 19F
to be the top five most burdensome in pneumococcal disease in
Thailand (Fig. 2), accounting for 47% of all disease-causing sero-
types. Four of these serotypes (6B, 14, 19F and 23F) were found
to be amongst the global top seven disease-causing serotypes prior
to vaccine introduction [34]. The remaining three of seven sero-
types, 1, 5 and 6A, were found to have low prevalence in Thailand
(<6.7% combined). The three most prevalent serotypes in those
�5 years of age (6B, 23F and 14) are part of a group known as ‘‘pae-
7F 3 6A 19A 6C 15B/C 34 NVT NT

rotype

URD

from �5 yrs, >5 yrs and unreported ages assumed as collected across all ages. Total
peable: serotype could not be determined by Quellung reaction. NVT – Non-vaccine
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diatric serotypes” as described in previous studies based on similar
epidemiological characteristics [35]. Incidence of serotypes 3 and 4
in those >5 years of age was higher than found in young children
and prevalence of these serotypes has previously been shown to
be higher in adults [36]. Prevalence of non-typeable (NT) pneumo-
cocci was higher from non-IPD (13.2%) than IPD (2.3%) which could
suggest the presence of non-encapsulated pneumococci and is not
common for invasive infections. The prevalence of NTs from IPD is
lower than recently found in Malaysia (4.9%), who have not
included a PCV in the EPI, and is much lower than found in South
Korea (11.9%) post PCV7 introduction [37,3].

Predicted vaccine coverage of disease-causing serotypes for
PCV10 was 55.3% and for PCV13 was 69.7%. Previously in Thailand,
predicted PCV13 coverage was higher at 72.6% [38], but lower in a
SE Asian regional prediction at 65% [21]. This review found that
vaccine serotype coverage for those �5 years of age ranged from
68% with PCV10 to 80.4% with PCV13. This is similar to the pre-
dicted PCV13 coverage (81.2%) that was previously found in Thai-
land by a systematic review conducted between 1995 and 2011,
thus there has been minimal change identified by studies pub-
lished in the following six years [39]. Vaccine serotypes for those
>5 years of age equalled 48.3% and 64.3% of the collected pneumo-
cocci for PCV10 and PCV13 respectively, which shows a higher
PCV13 coverage than previously found to be 60% [39]. Predicted
vaccine coverage was found to be lower in patients >5 years of
age, which is reflective of previous observations in adults across
all geographic regions, although in this review, the difference
was insignificant [40]. It has been suggested that elderly adults
are more susceptible to PCV7 serotypes than younger adults and
that their immunity to those serotypes wanes with age [40].

There are concerns that the incidence of disease-causing NVTs
will increase after vaccine implementation, as observed in the
USA and Europe with serotype 19A following PCV7 introduction
[41,42]. The top five serotypes are all included in PCV10, except
19A, which is included in PCV13. Prevalence of serotype 19A signif-
icantly increased following the private introduction of PCV7 in
Thailand and it was found to be one of the six most prevalent glo-
bal NVTs found post PCV7 introduction [43]. Incidence of serotype
19A from IPD was 7.55% in Thailand and was higher in other Asian
countries such as China (13.9%), who also do not include a PCV
within the EPI [44]. Another study identified an increase from 0%
to 26% of 19A incidence in IPD between 1991 and 2003 in South
Korea and remained at 20% following PCV7 implementation [45].
As the increase was observed prior to PCV introduction, the role
of PCV has been called into question and multidrug resistant
(MDR) sequence type 320 isolates, among other factors, have been
suggested as responsible [45]. However, in Thailand, it is difficult
to establish which serotypes could fill vaccine type niches as many
reports only performed serotyping for vaccine types and labelled
all others as NVTs. Until recently, vaccine implementation has
shown an overall decrease in pneumococcal disease that offsets
the proportional increase in IPD caused by NVTs [46]. However,
since 2014, an increase in NVTs and PPV23 vaccine types has been
observed in the UK following the initial decrease after national PCV
implementation in 2006 [47]. In addition, genetic analysis of sero-
types has indicated there could be an international spread of sero-
types through travel, thus changing the local serotype distribution
[48].

Three studies collected IPD isolates from the rural regions of Sa
Kaeo and Nakhon Phanom in North East Thailand which has a com-
bined population of 1.2 million including >80,000 children <5 years
of age [49]. Except for two studies, which accepted a small number
of isolates that were submitted through the Thailand National
Institute of Health from any hospital across the country, all other
isolates were collected from Bangkok and its immediate
surroundings. As such, this data does not represent the distribution
of disease-causing serotypes countrywide. In the rural regions, vac-
cine coverage of disease-causing serotypes was observed to be
higher than urban areas as more NVTs were identified in the urba-
nised Central Thailand. The observation has also been identified in
other locations, including Bangladesh and Alaska [50,51]. This
could be attributed to the increased availability of PCV in urban
centres given both the presence of large private hospitals and a
potentially more affluent populous [52,53]. Moreover, as two
thirds of Thailand’s population live in rural areas and given the
restricted access to health care, this burden could even be an
underestimation [52]. The reports of higher serotype 6A and 19A
incidence in urban areas supports this hypothesis, however, sero-
types 1 and 3 were reported in greater numbers in rural regions.
As serotype 1 is associated with outbreaks and is rarely carried,
the effect of international travel on its distribution should be low
compared to commonly carried serotypes and so tourism in urban
areas should not be expected to impact this [54].

There was one study, not included in this review, that reported
nasopharyngeal carriage of S. pneumoniae. It focussed on Burmese
and Karen refugees at Maela camp for displaced persons and there-
fore would not necessarily be representative of Thailand. The lon-
gitudinal cohort study collected monthly nasopharyngeal swabs
(NPS) from 955 infants and approximately one quarter of their
mothers [55–59]. The most prevalent serotypes carried were 19F,
23F, 6B and 14 which accounted for 58% of all carried isolates
and the majority of isolates collected from mothers were non-
encapsulated. These serotypes have also been found to be the most
prevalent carried serotypes globally and in Asian children [60,61].
Vaccine types accounted for less pneumococci found in carriage
and non-IPD studies than in IPD studies in Thailand, which is
reflective of the decline in vaccine type colonisation [62].

This review was limited by certain factors. It is not possible to
make reliable conclusions regarding non-IPD causing isolates due
to the limited number of studies, and, as most data were from
those �5 years of age, it was not possible to conduct an age analy-
sis (Fig. 3). In addition, it was not possible to analyse the serotype
distribution across anatomical sites or diseases due to the small
numbers and lack of specific data. Also, the sample sizes of individ-
ual studies for both IPD and non-IPD were small and full serotyping
data were not available for all isolates along with a lack of specific
age data. In addition, there was only one study describing pneumo-
coccal carriage in Thailand and this may not be representative of
carriage across the entire country. This study was large, and has
generated some novel findings, but specimens were collected from
a refugee population on the Thailand-Myanmar border and
demonstrate pneumococci found in females of mothering age
and their children during a certain time period.
5. Conclusion

Overall, pneumococcal serotype data in Thailand was limited.
Although there was more published data in comparison to other
countries in SE Asia [21], it remains difficult to make accurate esti-
mations of serotype disease burden. WHO and the Asia and Pacific
Advisory Board stated that vaccine recommendations should be
advised country by country and so without detailed pre-
vaccination data, it would be difficult to estimate the impact of
vaccines once implemented in the future as it is possible to under-
estimate the true burden [18,63].
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