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ABSTRACT

This narrative review describes the epidemiol-
ogy of invasive pneumococcal diseases,
nasopharyngeal carriage, and antibiotic resis-
tance of Streptococcus pneumoniae serotypes, and
vaccination coverage in children in the Philip-
pines. Epidemiological data show that, despite

the availability of the free-of-cost 13-valent
pneumococcal conjugate vaccine for infants as
part of the National Immunization Program,
the burden of pneumococcal disease in young
children remains high in the Philippines. The
significant variability in data reported between
studies highlights an urgent need for active and
comprehensive disease surveillance for more
accurate estimates of pneumococcal disease in
the country. Although data from 2001 to 2013
show high rates of pneumococcal carriage in
children in the Philippines aged\ 5 years,
contemporary data are lacking, again empha-
sizing the need for active surveillance programs.
The introduction of pneumococcal conjugate
vaccines has resulted in substantial declines in
disease caused by pneumococcal serotypes
included in the vaccines, but the emergence of
pneumococcal disease due to nonvaccine ser-
otypes is an ongoing concern. Surveillance of
actively circulating serotypes is critical to better
understand vaccine coverage. Antimicrobial
resistance of S. pneumoniae remains a significant
threat to public health worldwide; data regard-
ing antibiotic resistance in young children in
the Philippines are limited, but reports gener-
ally show low rates of antibiotic resistance in
this group. National immunization rates have
increased in recent years, yet many individuals
are still unprotected from pneumococcal dis-
ease. Overall, there is a critical need for con-
temporary and accurate disease surveillance in
the Philippines. Such data would provide better

A. Gamil (&)
Emerging Markets Medical and Scientific Affairs,
Vaccines Asia, Pfizer Inc, Pfizer Building, 5th floor,
DMC, P.O. Box 502749, Dubai, UAE
e-mail: Amgad.Gamil@pfizer.com

M. Y. Lalas
Pfizer Inc, Makati City, Philippines
e-mail: Miriam.Lalas@pfizer.com

M. R. Z. Capeding
Medical Research Unit, Tropical Disease Foundation
Inc., Makati City, Philippines
e-mail: lerosecap@yahoo.com.ph

A. L. T. Ong-Lim
Division of Infectious and Tropical Disease in
Pediatrics, University of the Philippines Manila,
Philippine General Hospital, Manila, Philippines
e-mail: aolim1@gmail.com

M. A. C. Bunyi
Pediatric Infectious Disease Society of the
Philippines, Quezon City, Philippines
e-mail: macbunyi0804@gmail.com

A. M. Claveria
Pfizer Inc, Makati City, Philippines
e-mail: Gigi.M.Claveria@pfizer.com

Infect Dis Ther (2021) 10:699–718

https://doi.org/10.1007/s40121-021-00434-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s40121-021-00434-6&amp;domain=pdf
https://doi.org/10.1007/s40121-021-00434-6


estimates of pneumococcal disease incidence,
serotype distribution, and antibiotic resistance
to better inform vaccination strategies and to
ensure that children in the Philippines are best
protected against pneumococcal disease.

Keywords: Antibiotic resistance; Nasopharyn-
geal carriage; Philippines; Pneumococcal
disease; Pneumococcal vaccination

Key Summary Points

Pneumococcal disease continues to be a
significant health burden among children
in the Philippines.

The 13-valent pneumococcal conjugate
vaccine (PCV13) is currently part of the
Philippines’ National Immunization
Program.

The introduction of PCV13 has resulted in
declines in pneumococcal disease caused
by serotypes included in the vaccine, but
the emergence of disease due to
nonvaccine serotypes is a growing
concern.

Historically, high nasopharyngeal carriage
rates of up to 96% have been reported in
Filipino children, but contemporary data
are lacking.

Overall, comprehensive and accurate
disease surveillance is needed to provide
better estimates of pneumococcal disease
in the country with the aim to improve
vaccination coverage and better protect
the population from this deadly disease.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features

for this article go to https://doi.org/10.6084/
m9.figshare.14199218.

INTRODUCTION

Pneumococcal infections, which are caused by
Streptococcus pneumoniae, include invasive
pneumococcal diseases (IPDs; e.g., meningitis,
bacteremia, bacteremic pneumonia) and non-
invasive diseases such as nonbacteremic pneu-
monia, sinusitis, and otitis media [1–3].
Globally, pneumonia is the leading cause of
death from infectious disease in children; in
2017, 808,694 children aged\5 years died of
pneumonia, accounting for 15% of all deaths of
children in this age group [4, 5]. In the Western
Pacific region, which for World Health Organi-
zation (WHO) reporting purposes includes the
Philippines, the incidence of pneumococcal
pneumonia in 2015 was 831 per 100,000 chil-
dren aged\ 5 years, causing an estimated
11,600 deaths [6].

Colonization of the nasopharynx by
S. pneumoniae precedes pneumococcal disease,
and subsequent bacterial carriage is a prerequi-
site for disease transmission [7, 8]. In develop-
ing countries, infants and young children are
the main carriers of S. pneumoniae [1]. Data
pertaining to nasopharyngeal carriage remain
crucial to understanding the true burden of
disease in any given country and could help
inform vaccination strategies.

Although more than 90 serotypes of S. pneu-
moniae have been identified, only a small pro-
portion cause disease [1]. Vaccines are available
to prevent pneumococcal infections, including
the 10- and 13-valent pneumococcal conjugate
vaccines (PCVs), which are recommended for
healthy children aged\ 2 years. Additionally,
the 23-valent pneumococcal polysaccharide
vaccine (PPSV23) is recommended in children
aged C 2 years with comorbidities but only after
primary vaccination with a PCV [1]. Higher-
valency PCVs are also under development for
pediatric and adult indications [9–12]. Specifi-
cally in the Philippines, 13-valent PCV (PCV13)
has been approved for use in children and
adults since 2014 and functions to induce
vaccine serotype-specific antibodies, which
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protect against pneumococcal diseases caused
by serotypes included in the vaccine; PCV13 is
currently included free of cost for infants as a
3 ? 0 schedule, as part of the Philippines’
National Immunization Program (NIP)
[8, 13, 14].

Vaccination with PCVs has resulted in sub-
stantial reductions in IPD-related deaths in
children aged\5 years worldwide, decreasing
from 735,000 deaths in 2000 to 294,000 deaths
in 2015 [6]. Despite this reduction, there still
remains a significant global burden of pneu-
mococcal disease in children [15]. As serotype
prevalence changes over time and by geo-
graphic region, and new vaccines covering
emerging disease-causing serotypes are being
developed [1], robust contemporary surveil-
lance programs are required for countries to
continually monitor serotype prevalence and
adjust vaccination policies to ensure optimal
protection from disease.

The overall situation of Filipino children is
an important context to consider when
describing pneumococcal disease in this popu-
lation. A 2018 analysis conducted by UNICEF
and the Government of the Philippines repor-
ted that, despite rapid economic growth, 31% of
children were living below the basic needs
poverty line [16]. Health concerns among Fili-
pino children included declines in childhood
immunization coverage and increases in vac-
cine-preventable diseases, such as rubella and
measles [16]. Such economic and health factors
may impact vaccine access/uptake and pneu-
mococcal disease incidence among children.

The purpose of this review is to describe the
epidemiology of IPD, nasopharyngeal carriage,
and antibiotic resistance of S. pneumoniae
serotypes, and vaccination coverage in children
in the Philippines. The available articles sum-
marized in this review highlight the gap in
contemporary data and support the need for
active pneumococcal disease surveillance in the
Philippines to inform ongoing vaccination
strategies. This review also discusses vaccination
policies in other Asian countries, which may
further inform pneumococcal vaccination
strategies in the Philippines.

METHODS

A literature search for this narrative review was
performed using PubMed. Search terms of
(Pneumococci OR Pneumococcus OR S. pneu-
moniae OR Streptococcus pneumoniae) AND
(Children OR Pediatrics OR Infants OR Tod-
dlers) were used in conjunction with (Epidemi-
ology OR Burden OR Prevalence OR Incidence
OR Mortality OR Morbidity OR Death OR
Fatality OR Fatalities OR Cases OR CFR OR
Surveillance OR Notification) OR (Nasopharyn-
geal OR Carriage OR Colonization OR NPC OR
Acquisition) OR (Prevalence OR Cases OR Ser-
otypes OR Serotyping OR Surveillance) OR
(Antibiotic resistance OR Antimicrobial resis-
tance OR Resistance OR Antibiotics OR
Antimicrobials OR AMR) OR (Vaccination OR
Vaccines OR PCV OR PCV7 OR PCV10 OR
PCV13 OR PPSV23 OR PCV15 OR PCV20 OR
Pneumococcal Conjugate Vaccine OR PPV23
OR Coverage OR Uptake) to search for publica-
tions pertaining to the Philippines or Asia
(vaccine-related publications only for Asia). The
search was limited to English-language articles
published between January 1, 2000, and Febru-
ary 3, 2021. Altogether, 107 articles were
retrieved, of which 11 were relevant to the
topics included in this review. As necessary,
references cited within the retrieved publica-
tions were used; the opinion of authors and/or
experts in the field were also obtained as nee-
ded. Additionally, references from the authors’
personal files and published reports from the
Department of Health of the Philippines and
other regulatory agencies when relevant were
reviewed. This article is based on previously
conducted studies and does not contain any
studies with human participants or animals
performed by any of the authors.

EPIDEMIOLOGY AND BURDEN
OF PNEUMOCOCCAL DISEASE

Information regarding the incidence and mor-
tality rates of pneumococcal disease in the
Philippines is limited, with much of the avail-
able estimates relying on prospective studies.
Between 2007 and 2009, a hospital-based study
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reported the incidence of IPD in children
aged\5 years to be 25.38 to 33.49 per 100,000
individuals, with a case fatality rate of 33.3%
[17]. The study identified that very young chil-
dren aged 28 days to\ 6 months were the most
vulnerable, with a reported incidence of IPD
ranging from 41.89 to 178.23 per 100,000
individuals. A longitudinal modeling study of
pneumococcal disease mortality in children
aged 1 to 59 months estimated that in 2015,
there were 3182 pneumonia deaths, 357
meningitis deaths, and 318 nonmeningitis

deaths due to infection with S. pneumoniae in
the Philippines [6].

Several studies have reported the prevalence
of S. pneumoniae among clinical isolates from
children in the Philippines (Table 1). Specifi-
cally, a study from 1984 to 1986 in 537 children
aged\5 years who were hospitalized for acute
lower respiratory tract infection (ALRI) found
that 3.7% of urine samples collected were posi-
tive for S. pneumoniae antigen [18]. Additionally,
the study reported that S. pneumoniae was not
detected in the urine of any patient (0/9) with
bacterial pneumococcal infection but that the

Table 1 Prevalence of S. pneumoniae among clinical isolates in the Philippines

Period of
study

Age group Specimen Diagnosis Specimens
positive for
S. pneumoniae (%)

Reference

1984–1986 \ 5 years Urine ALRI 3.7 Tupasi et al. [18]

Bacterial pneumococcal

infection

0

Nonbacteremic ALRI 4.6

1990–1992 \ 5 years Blood ALRI 3.7 Capeding et al. [25]

Bacteremia 35a

1994–1996 \ 5 years Blood Pneumonia or suspected

sepsis or meningitis

1.3a Lupisan et al. [24]

1994–2000 \ 5 years Blood and

cerebrospinal

fluid

Severe or very severe

pneumonia, suspected

sepsis or meningitis

1.3 Sombrero et al. [19]

2008–2009 8 days–13 years Blood Severe pneumonia 13a Suzuki et al. [20]

2018 All ages Respiratory NA 0.32 Republic of the

Philippines

Department of

Health [22]

Blood NA 0.18

Cerebrospinal

fluid

NA 0

2019 All ages Respiratory NA 0.39 Republic of the

Philippines

Department of

Health [23]

Blood NA 0.16

Cerebrospinal

fluid

NA 0

ALRI acute lower respiratory tract infection, NA not available
a Of blood culture samples positive for a bacterial pathogen
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pathogen was detected in 4.6% (23/496) of
children with nonbacteremic ALRI [18]. A lon-
gitudinal prospective study from 1994 to 2000
reported that pneumococci could be identified
in 1.3% of invasive isolates from children
aged\5 years [19]. A 2008 to 2009 prospective
study conducted in children (median age
9 months) hospitalized in a regional medical
center for severe pneumonia found that out of
31 blood culture samples positive for a bacterial
pathogen, 13% (4/31) were positive for S. pneu-
moniae [20]. In 2010, a systematic review con-
cluded that among 2,428,488 children aged 0 to
4 years with pneumonia in the Philippines,
170,059 of these cases (7%) were attributable to
S. pneumoniae [21]. The data from passive
surveillance by the Philippine Department of
Health Antimicrobial Resistance Surveillance
Program (ARSP) show that out of 489 S. pneu-
moniae-positive clinical isolates collected in
2018, 108 (22%) were from children aged 0 to
5 years [22]. The data show that most infections
(83%) were presumed to be community
acquired. The majority of S. pneumoniae infec-
tions were reported from respiratory specimens
(59%), with 32% from blood and 2% from
cerebrospinal fluid [22]. The remaining isolates
were from wound, urine, tissue, and other body
fluids [22]. The most recent ARSP report found
that of the 581 S. pneumoniae isolates in 2019,
67%, 28%, and 1% of S. pneumoniae were col-
lected from respiratory secretions, blood, and
CSF, respectively [23]; overall, 11.4% (66/581)
of S. pneumoniae isolates were collected from
children aged 0 to 4 years [23].

In a study of 956 Filipino children\5 years
of age who were admitted to hospital between
April 1994 and March 1996 because of pneu-
monia or suspected sepsis or meningitis,
S. pneumoniae was the most common pathogen
among blood cultures; overall, 8.9% of cultures
were positive for a pathogen, of which 1.3% of
blood cultures were positive for S. pneumoniae
[24]. Another study of Filipino children
aged\5 years conducted in the early 1990s
reported S. pneumoniae in blood cultures of 3.7%
ALRIs and in 35.0% of patients with confirmed
bacteremia [25]. Data on the frequency distri-
bution of bacterial meningitis from three ter-
tiary hospitals within the metropolitan region

of Manila from 2002 to 2006 showed that
S. pneumoniae and Haemophilus influenzae type B
were the most prevalent etiological agents, with
mortality rates of 23.5% and 5.0%, respectively
[26].

Overall, these data show that the burden of
pneumococcal disease in young children
remains high in the Philippines. However,
considering the significant variability in data
reported between studies, there remains an
urgent need for active and comprehensive dis-
ease surveillance for more accurate estimates of
pneumococcal disease in the country. Even
though PCV13 is currently included in the NIP
of the Philippines, accurate estimates could
better inform ongoing and future vaccination
strategies [13].

NASOPHARYNGEAL CARRIAGE

In many countries, high rates of pneumococcal
carriage have been observed in children
aged\5 years [27]. Table 2 summarizes studies
that report nasopharyngeal carriage rates
among children in the Philippines. A 1994 to
2000 longitudinal study of children
aged\5 years from a rural region of the coun-
try reported an overall 45% (1367/3028)
nasopharyngeal carriage rate [19]. A short-term
study conducted between 1998 and 1999 in
children aged\5 years who were attending
daycare centers or outpatient clinics reported a
carriage rate of 33% (N = 307) [28]. In a ran-
domized clinical trial conducted in 2000 to
2004 to evaluate the efficacy of an 11-valent
PCV, pre-enrollment assessments revealed that
among 1111 infants, 53% had nasopharyngeal
carriage by 6 weeks of age [29]. A 2005 study
among 500 children aged 2 months to 5 years
who were attending well visits at a hospital in
Manila reported that 38% of children had
nasopharyngeal carriage; among these children,
a 34% carriage rate was reported in those
aged\6 months [30]. Other studies have
shown that carriage acquisition of S. pneumoniae
can occur very early in life; a prospective study
from 2000 in Filipino infants (N = 173) reported
an approximate 50% carriage rate by age
12 weeks, which increased to 90% by age
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45 weeks [31]. Similarly, another study from
2012 to 2013 in 154 healthy Filipino infants
randomized to receive 10-valent PCV (PCV10)
reported that nasopharyngeal colonization rates
increased with age; carriage rates rose from 33%
at birth up to 96% at 12 months of age,
regardless of vaccination status [32].

Contemporary estimates of nasopharyngeal
carriage in young Filipino children are not
available. The paucity of such data emphasizes
the need for active surveillance programs to
determine current pneumococcal carriage rates
in the country. Such data could in turn provide
better estimates of the effectiveness of the
ongoing PCV immunization program in the
country.

SEROTYPE DISTRIBUTION
AND ESTIMATED VACCINATION
COVERAGE

The introduction of PCVs and their inclusion
into national immunization programs world-
wide have resulted in substantial declines in
disease caused by the pneumococcal serotypes
included in the vaccines [1, 33]. However, the
emergence of pneumococcal disease due to
nonvaccine serotypes remains an ongoing con-
cern [34]. As such, surveillance of actively cir-
culating serotypes remains critical to better

understand vaccine coverage and to further
inform ongoing vaccination strategies.

The serotype distribution of S. pneumoniae
from studies conducted in children in the
Philippines is summarized in Table 3. Overall,
surveillance studies on serotype prevalence in
the Philippines over the past 2 decades show
that serotypes 1, 5, 6A, 6B, 9V/A, 12A, 14, 18,
19A, 19F, and 23F are among the most prevalent
serotypes in children [17, 35–37], while ser-
otypes 1, 3, 5, 6A, 6B, 7, and 19A are among the
most prevalent serotypes among adults
aged[50 years [35, 38].

A large international surveillance study by
the Asian Network for Surveillance of Resistant
Pathogens (ANSORP) conducted in 2000 to
2001 reported that the most prevalent serotype
among sterile site isolates collected from Fili-
pino children in Manila was 6B (18%); other
prevalent serotypes included 19F (14%), 9 (9%),
and 19A (5%) [37]. Subsequently, a 2007 to
2009 prospective surveillance study in hospi-
talized Filipino children aged 3 to 5 years in 3
urban areas of the country showed that the
serotypes with the highest prevalence were 5
(22%) and 1 (17%) in Quezon City; 18F (50%),
6B (25%), and 12A (25%) in Manila; and 14
(31%) and 6B (23%) in Muntinlupa City. Other
prevalent serotypes in all 3 areas included 2, 5,
6A, 6B, 10C, 11B, 11F, 12F, 14, 15C, 18C, 18F,
19F, and 23F [17]. The estimated vaccine cov-
erage of PCV10 and PCV13 was 56% and 61%,

Table 2 Nasopharyngeal pneumococcal carriage rates in children in the Philippines

Period of study N Age group Nasopharyngeal
Carriage, %

Reference

1994–2000 3028 \ 5 years 45 Sombrero et al. [19]

1998–1999 307 \ 5 years 33 Lee et al. [28]

2000 173 B 12 weeks 50 Holmlund et al. [31]

B 45 weeks 90

2000–2004 1111 B 6 weeks 53 Väkeväinen et al. [29]

2005 500 2 months–5 years 38 Capeding et al. [30]

\ 6 months 34

2012–2013 154 At birth 33 Wright et al. [32]

B 12 months 96
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Table 3 Serogroup and serotype distribution and pneumococcal vaccine coverage in the Philippines

Period of
study

Age
group
(years)

Region Specimen
type

Serotype (%) PCV10/
PCV13
coverage
(%)

Reference

PCV10/
PCV13
serotypes

PCV13/
non-
PCV10
serotypes

Nonvaccine
serotypes

2000–2001 \ 18a Manila Sterile 6B (18)

19F (14)

9 (9)

19A (5) NA NA Song et al. [37]

2007–2009 3–5 Quezon City Sterile 5 (22)

1 (17)

6B (6)

14 (6)

18C (6)

6A (6)

11B (6) 2 (11)

11F (6)

12F (6)

15C (6)

18F (6)

56/61 Capeding et al.

[17]

2007–2009 3–5 Manila Sterile 6B (25) 18F (50)

12A (25)

25/25 Capeding et al.

[17]

2007–2009 3–5 Muntinlupa

City

Sterile 14 (31)

6B (23)

5 (8)

18C (8)

19F (8)

2 (8)

10C (8)

23F (8)

85/85 Capeding et al.

[17]

2004–2011 \ 5 Countrywide Sterile 1 (13)

6b (18)

NA 70/74 Sia et al. [36]

2012–2013 B 1 Muntinlupa

City

Nonsterile 6B (10)

14 (3)

19F (8)

45 (8)

6A (8) 23A (8)

19C (5)

16 (3)

18C (3)

19A (3)

19C (3)

20 (3)

5B (3)

10A (3)

11F (3)

15B/C (3)

15F (3)

NA Wright et al. [32]
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Table 3 continued

Period of
study

Age
group
(years)

Region Specimen
type

Serotype (%) PCV10/
PCV13
coverage
(%)

Reference

PCV10/
PCV13
serotypes

PCV13/
non-
PCV10
serotypes

Nonvaccine
serotypes

2012–2014 \ 5 Countrywide Sterile 5 (13)

1 (11)

14 (11)

23F (7)

18C (4)

4 (2)

6B (2)

9V/A (2)

3 (2)

6A (13)

NA NA Philippine Health

Assessment

Technology

Unit [35]

2012–2019 \ 5 Countrywide Sterile 14 (9)

18C (9)

1 (6)

23F (6)

6B (6)

5 (5)

9V/A (4)

4 (3)

3 (4)

19A (4)

6A (3)

NA 48/59 Philippine Health

Assessment

Technology

Unit [35]

2015–2019 \ 5 Countrywide Sterile 14 (8)

18C (7)

1 (6)

23F (6)

9V/A (4)

6B (3)

4 (2)

5 (2)

7 (2)

19F (1)

19A (6)

3 (4)

6A (2)

NA NA Philippine Health

Assessment

Technology

Unit [35]

NA not available, PCV10 10-valent pneumococcal conjugate vaccine, PCV13 13-valent pneumococcal conjugate vaccine
a Exact ages for children examined not provided; ages specified based on standard cutoffs for children
b Only serotype numbers reported
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respectively, in Quezon City; 25% for both
PCV10 and PCV13 in Manila; and 85% for both
PCV10 and PCV13 in Muntinlupa City [17].

Another source of data on serotype distribu-
tion is the ARSP (Table 3). A study summarizing
these publicly available data from 2004 to 2011
reported that during this 8-year period, the
most common serotypes in children
aged B 5 years were 1 (13%) and 6 (18%); the
estimated vaccine coverage for PCV10 and
PCV13 was 70% and 74%, respectively [36]. A
report from the Philippine Government Health
Technology Assessment (HTA) unit summariz-
ing ARSP data from 2012 to 2019 showed that
the most common serotypes in children
aged\5 years old were 14 and 18C (each 9%);
other prevalent serotypes included 1, 23F, and
6B (each 6%), serotype 5 (5%), 3, 19A, and 9V/A
(each 4%), and 6A and 4 (each 3%) [35]. The
estimated vaccine coverage for PCV10 and
PCV13 was 48% and 59%, respectively [35]. The
Research Institute for Tropical Medicine (RITM)
also conducts passive pneumococcal surveil-
lance; summary data reported by the HTA unit
from 2015 to 2019 show that the current
prevalent serotypes among children
aged\5 years include 14 (8%), 18C (7%), 19A
(6%), 1 (6%), 23F (6%), 3 (4%), 9V/A (4%), and
6B (3%), followed by 4, 5, and 6A, and 7 (each
2%) [35].

Although serotype distribution among
pneumococcal isolates from Filipino children
(invasive and lower respiratory tract) has been
described, data regarding nasopharyngeal car-
riage isolates are scarce, and contemporary
estimates are not available. The latest available
data are from a study conducted in Muntinlupa
City from 2012 to 2013, which reported that the
dominant serotype found in nasopharyngeal
isolates from 39 healthy Filipino children
aged B 1 year was 6B (10%); other prevalent
serotypes included 6A, 19F, 23A, and 45 (all
8%), 19C (5%), and 5B, 10A, 11F, 14, 15B/C,
15F, 16, 18C, 19A, 19C, and 20 (all 3%) [32].

ANTIMICROBIAL RESISTANCE

Antimicrobial resistance of S. pneumoniae
remains a significant threat to public health

worldwide [1]. In Asia specifically, many coun-
tries have consistently reported high rates of
antibiotic resistance [39], suggesting that the
number of resistant strains continues to be on
the rise [40]. Additionally, high rates of antibi-
otic use have been reported in the Philippines;
frequent antibiotic use preceding a medical visit
can not only confound culture-based diagnos-
tics but also contribute to the increasing rates of
antibiotic resistance of S. pneumoniae [17, 19].
For these reasons, it remains imperative to
continually perform routine surveillance
regarding antibiotic resistance so that optimal
disease prevention and treatment strategies can
be implemented.

An international surveillance study con-
ducted from 2000 to 2001 of pneumococcal
isolates among all age groups in the Philippines
(N = 22) showed that all isolates were suscepti-
ble to penicillin, amoxicillin/clavulanate,
cefuroxime, ceftriaxone, levofloxacin, moxi-
floxacin, and gatifloxacin; resistance was only
reported for erythromycin (18%) and cipro-
floxacin (9%) [37] (Table 4). A more recent
study reported that the penicillin susceptibility
rate of S. pneumoniae among all age groups in
the Philippines was 92% in 2015 to 2016 [41].
Another recent survey from 2016 to 2018
reported very low antimicrobial resistance
among isolates (N = 17) collected from patients
with community-acquired respiratory tract
infections; all tested pneumococcal isolates
were susceptible to amoxicillin, amoxi-
cillin/clavulanic acid, clarithromycin, ery-
thromycin, and fluoroquinolones for three
susceptibility limits used [42]. Resistance to
cephalosporins was only reported for cefaclor,
with 6% to 35% of isolates considered resistant
depending on the susceptibility limits used [42].
Additionally, susceptibility to penicillin, azi-
thromycin, and trimethoprim/sulfamethoxa-
zole ranged from 94% to 100%, 94% to 100%,
and 88% to 100%, respectively, depending on
the susceptibility limits used [42].

Passive surveillance data from the ARSP show
that antimicrobial resistance rates may be on
the rise for all ages in the Philippines
[22, 23, 43]. In 2013, it was reported that only
0% and 5% of all respiratory and invasive iso-
lates (N = 274) were resistant to penicillin
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Table 4 Resistance of pneumococcal isolates to antimicrobials in the Philippines

Period of
study

Age
group
(years)

Region Isolates,
N

Sample type Isolates resistant (%) References

1994–2000 \ 5 Rural Philippines 1048 Pneumococcal

isolates

Oxacillin (4)

Penicillin (2)

Sombrero et al. [19]

1013 Nasopharyngeal

isolates

Tetracycline (4)

Chloramphenicol (0.4)

Trimethoprim/

sulfamethoxazole (0.4)

Erythromycin (0.3)

35 Invasive isolates Tetracycline (5.7)

1998–1999 \ 5 Manila 95 Nasopharyngeal

isolates

Trimethoprim/

sulfamethoxazole (2)

Tetracycline (1)

Lee et al. [28]

2000–2001 All ages Countrywide 22 Pneumococcal

isolates

Erythromycin (18)

Ciprofloxacin (9)

Song et al. [37]

2007–2009 \ 5 Manila 47 Pneumococcal

isolates

Erythromycin (2) Capeding et al. [17]

2013 All ages Countrywide 274 Pneumococcal

isolates

Trimethoprim/

sulfamethoxazole (20)

Erythromycin (6)

Penicillin (0–5)

Levofloxacin (2)

Chloramphenicol (3)

Republic of

Philippines

Department of

Health [43]

2018 All ages Countrywide 489 Pneumococcal

isolates

Trimethoprim/

sulfamethoxazole (17)

Penicillin (1–16)

Erythromycin (13)

Chloramphenicol (5)

Ceftriaxone (3)

Levofloxacin (1)

Republic of

Philippines

Department of

Health [22]

2015–2016 All ages Countrywide \ 20 Pneumococcal

isolates

Penicillin (92)

(susceptibility)a
Sader et al. [41]
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according to nonmeningitis and meningitis
susceptibility limits, respectively [43]. By 2018,
1% and 16% of all isolates (N = 489) were
resistant to penicillin using the nonmeningitis
and meningitis susceptibility limits, respec-
tively [22]. Similarly, in 2019, penicillin resis-
tance of all isolates (n = 404) was 1% using
nonmeningitis susceptibility limits and 13%
using meningitis susceptibility limits [23]. In
2013, resistance was also reported for
trimethoprim/sulfamethoxazole (20%), ery-
thromycin (6%), chloramphenicol (3%), and
levofloxacin (2%) [43]. In comparison, in 2018,
resistance to trimethoprim/sulfamethoxazole
and levofloxacin decreased slightly to 17% and
1%, respectively, while resistance to ery-
thromycin and chloramphenicol increased to
13% and 5%, respectively [22]. In 2013, no
isolates were reported to be resistant to ceftri-
axone; however, by 2018, 3% of isolates were
resistant to ceftriaxone [22, 43]. In 2019, overall
resistance rates of S. pneumoniae isolates against
co-trimoxazole, erythromycin, levofloxacin,
ceftriaxone, and chloramphenicol were 14%,
9%, 2%, 2%, and 2%, respectively; changes in
resistance rates from 2018 to 2019 were not

statistically significant for all antimicrobials
assessed [23].

Data regarding antibiotic resistance in young
children in the Philippines are more limited.
However, low antibiotic resistance rates have
generally been reported in children [17, 19, 28].
A 1998 to 1999 study conducted in healthy
children aged\5 years from Manila reported
that 1.0% and 2.0% of nasopharyngeal carriage
isolates were resistant to tetracycline and
trimethoprim/sulfamethoxazole, respectively
[28]. The same study did not observe resistance
among carriage isolates to several antimicro-
bials including penicillin, cefotaxime, cefurox-
ime, amoxicillin/clavulanate, imipenem,
erythromycin, or chloramphenicol. Similarly, a
longer-term study from 1994 to 2000 in rural
areas of the Philippines also reported low
prevalence of acquired antimicrobial resistance
among invasive and nasopharyngeal carriage
isolates [19]. Among pneumococcal isolates
(N = 1048), 4.0% were resistant to oxacillin and
2.1% were intermediately resistant to penicillin
[19]. Among nasopharyngeal isolates
(N = 1013), 3.6% were resistant to tetracycline,
0.4% to chloramphenicol, 0.3% to

Table 4 continued

Period of
study

Age
group
(years)

Region Isolates,
N

Sample type Isolates resistant (%) References

2016–2018 All ages Quezon City

and Bonifacio

Global City

17 Pneumococcal

isolates

Cefaclor (35) Torumkuney et al.

[42]

2019 All ages Countrywide 404 Pneumococcal

isolates

Co-trimoxazole (14)

Penicillin (1–13)

Erythromycin (9)

Ceftriaxone (2)

Chloramphenicol (2)

Levofloxacin (2)

Republic of

Philippines

Department of

Health [23]

a Only susceptibility available
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erythromycin, and 0.4% to trimethoprim/sul-
famethoxazole [19]. A 2007 to 2009 prospective
surveillance study in children aged B 5 years
hospitalized with pneumonia or IPD reported
very low antibiotic resistance rates; only 2% of
isolates (1/47) were resistant to erythromycin
and no isolates were found to be resistant to
penicillin, trimethoprim/sulfamethoxazole,
amoxicillin, ampicillin, ceftriaxone, levo-
floxacin, or vancomycin [17].

PNEUMOCOCCAL VACCINATION
IN THE PHILIPPINES

Worldwide, the introduction of PCVs has led to
significant decreases in the incidence of IPD
[1, 4, 33]. Specifically, in very young children,
the inclusion of PCVs into NIPs has led to sig-
nificant decreases in IPD caused by vaccine
serotypes [1]. The WHO deems PCVs to be effi-
cacious, well tolerated, and cost-effective, and
recommends that they should be included in
NIPs worldwide [1, 8].

In many countries, access to immunizations
against life-threatening infectious diseases,
including pneumococcal disease, has been
improved through support from the Global
Alliance for Vaccines and Immunizations
(GAVI) [44]. However, because the Philippines is
a lower-middle-income country and the
national income surpasses eligibility limits set
by GAVI, it does not qualify for financial sup-
port from GAVI [45, 46]. Consequently, there
are considerable economic barriers to universal
PCV implementation in the Philippines [47].
Despite these financial constraints, the Philip-
pine government made a positive step toward a
national PCV program by implementing a
regional PCV10 program in 2013, covering two
regions with high disease burden [48], targeting
25% to 30% of children in the country [47].
Subsequently, an economic assessment of PCVs
demonstrated that although both PCV10 and
PCV13 were cost-effective compared with no
vaccination, PCV13 was more cost-effective
compared with PCV10 [47]. On the basis of
these results, the Philippine government made
the decision to implement PCV13 as part of the
NIP in 2014; PCV13 is currently available free of

cost to all children aged\1 year as a 3 ? 0
vaccination schedule in 14 out of 17 regions of
the Philippines [13, 14, 35, 48].

Since the introduction of PCVs in the
Philippines, several cost-effectiveness and
health outcomes studies have reinforced the
decision by the Philippine government to
include PCVs in the NIP [47, 49]. A study con-
ducted in 2014 concluded that a 2 ? 1 PCV10
vaccination schedule in the Philippines was
more cost-effective compared with no vaccina-
tion [50]. The same study further revealed that
although PCV10 would lead to greater reduc-
tions in acute otitis media compared with
PCV13, both vaccines would result in compa-
rable reductions in IPD and community-ac-
quired pneumonia (CAP) cases and associated
deaths [50]. Overall, on the basis of a conser-
vative estimate, the study concluded that
PCV10 would produce greater cost savings and
thus was a better vaccination strategy compared
with PCV13 for the Philippines at the time [50].
However, a subsequent 2014 study examining
the lifetime costs and outcomes for a 2 ? 1
PCV10 or PCV13 vaccination schedule com-
pared with no vaccination concluded that
PCV13 was more cost-effective compared with
PCV10 for inclusion in the Philippine NIP [47].
An October 2020 report published by the HTA
unit of the Philippines suggests that, on the
basis of cost-effectiveness modeling, PCV13
may result in larger savings compared with
PCV10 as a result of greater serotype coverage.
Overall, the modeling study predicted that,
compared with PCV10, PCV13 could poten-
tially avert an additional 13,235 acute otitis
media cases; 24,775 pneumonia cases and 625
pneumonia-related deaths; and 7954 IPD cases
and 3651 IPD-related deaths [35].

In addition to the costs of the vaccines
themselves, another consideration to imple-
menting large-scale healthcare programs is the
availability of specialized healthcare profes-
sionals to deliver immunization services [49]. A
2016 study examining the impact of vaccina-
tion programs on healthcare-related human
resources in the Philippines concluded that
although implementing PCV13 would require
greater staffing of full-time general practition-
ers, nurses, and midwives, it would
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simultaneously lower the need for other
healthcare professionals including pediatri-
cians, infectious disease specialists, and phar-
macists, among others [49]. The study also
found no differences in healthcare resource
requirements between implementing a PCV10
or PCV13 program [49]. The WHO recommends
that PCV vaccine choice in any country should
be based on a number of factors including price
and supply, as well as local and regional preva-
lence of serotypes and antimicrobial resistance
patterns [8]. These data, together with the
presence of circulating PCV13-specific serotypes
in the population (Table 3), suggest that PCV13
may be a better pneumococcal vaccine option
for the Philippines [49].

Although the implementation of a PCV
program is a crucial step toward combating
pneumococcal disease, the success of universal
immunization programs depends on wide-
spread vaccination coverage. According to the
WHO/UNICEF national immunization coverage
reports, only 45% of the world’s infant popu-
lation (74.1 million) were estimated to be
receiving a PCV in 2018 [51]. In the Philippines,
the vaccination coverage rate for a three-dose
PCV was 35% for all ages in 2014; however, by
2018, vaccine coverage rates had increased to
60% for the same three-dose schedule [52].
Despite these pronounced increases in national
PCV immunization rates, many individuals are
still unprotected from pneumococcal disease
[52]. To expand immunization coverage in
countries such as the Philippines, it remains
important to ensure that individuals living in
more rural regions of the country have equal
access to vaccinations as those living in urban
areas [53]. One study using spatial epidemio-
logical methods to examine variations in vac-
cine efficacy of an 11-valent PCV in children
aged\2 years in Bohol, Philippines, reported
that the greatest vaccine efficacy was observed
in areas with poor access to healthcare [53]. The
lack of access to care likely prevents timely
treatment of pneumococcal disease, increasing
the burden of disease in rural areas [53]. This
suggests that vaccination policymakers may
need to specially target rural regions of the
Philippines to ensure they are protected from
pneumococcal disease.

Ensuring greater vaccination coverage could
have a significant impact on reducing the inci-
dence of vaccine-serotype disease in the coun-
try. An analysis of serotype prevalence in the
PCV13 pre-introduction era (2012 to 2014)
reported a high prevalence of certain PCV10/
PCV13 serotypes in children aged\ 5 years,
including 5 (13%), 6A (13%), 14 (11%), 1 (11%),
and 23F (7%) [35]. However, a subsequent
analysis in the PCV13 post-introduction period
(2015 to 2019) surveillance data showed great
decreases in some of the aforementioned ser-
otypes among children aged\5 years [35].
Notably, there were small increases in certain
PCV10/PCV13 serotypes between the PCV13
pre-introduction and post-introduction eras,
including serotypes 3, 18C, 6B, and 9V/A [35].
Additionally, nonvaccine serotypes comprised
45% of all serotypes identified during the post-
introduction time compared with 33% of all
serotypes in the pre-introduction period [35];
the emergence of nonvaccine serotypes follow-
ing the introduction of a PCV has also been
reported in other countries [34]. It remains
important to note that because of the passive
nature of data collection, lack of national rep-
resentativeness due to the limited coverage of
sentinel sites, nonuniversal vaccination imple-
mentation, and suboptimal vaccination uptake,
the true impact of PCV implementation based
on existing PCV13 pre-introduction and post-
introduction data cannot be ascertained at this
time [35, 52]. This suggests the need for a more
comprehensive active surveillance system to
provide a better understanding of the true
effectiveness of PCVs in the Philippines. Such
studies can further inform ongoing pneumo-
coccal vaccination policies in the country.

Vaccine hesitancy, listed among the WHO’s
10 threats to global health in 2019, has the
ability to undermine vaccine coverage rates
[54, 55]. In 2017, there was much publicity and
panic after it emerged that the dengue vaccine,
which had been given to 800,000 school chil-
dren in the Philippines, potentially increased
the risk of severe dengue in children who had
never been infected with dengue before vacci-
nation [56, 57]. This may have led to a decrease
in vaccine confidence and an increase in vac-
cine hesitancy, despite the fact that the dengue
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vaccine is deemed an essential medicine by the
WHO [58]. A study of 2500 participants (1000
surveyed in 2015 and 1500 surveyed in 2018)
reported a dramatic drop in overall vaccine
confidence, with 93% strongly agreeing that
vaccines are important in 2015 compared with
32% in 2018. The perception of vaccine safety
was also affected, with the percentage of par-
ticipants strongly agreeing that vaccines are safe
decreasing from 82% in 2015 to 21% in 2018
[57]. A 2019 survey of 110 parents or caregivers
with at least one child aged\ 2 years reported
that, although more than 95% of respondents
believed that vaccines are protective, more than
one-third were hesitant about or refused vacci-
nes [56]. The extent of vaccine hesitancy
regarding PCV coverage in the Philippines
remains to be examined.

DISCUSSION

Vaccination against pneumococcal disease is an
important and cost-effective public health
measure that is especially crucial in low- and
middle-income countries. The introduction of
PCVs was a key step in reducing the global
burden of pneumococcal disease. However,
because of the emergence of nonvaccine ser-
otypes, improved surveillance initiatives and
higher-valent PCVs are needed within the
Philippines and other neighboring Asian coun-
tries. This review on pneumococcal disease
epidemiology and carriage in children\5 years
of age in the Philippines and other Asian
countries revealed (1) high rates of pneumo-
coccal carriage, (2) increased incidence of dis-
ease caused by nonvaccine serotypes, and (3)
low rates of antimicrobial resistance.

Examination of pneumococcal vaccination
policies in other Asian countries may further
inform ongoing pneumococcal vaccination
strategies in the Philippines. In several countries
in Asia, the introduction of PCV into the NIP
has resulted in reduction in the incidence of
IPD [59–64]. Specifically, in Mongolia, a study
showed that before introduction of the vaccine,
PCV13 serotypes accounted for up to 45% and
70% of all pneumococci tested in infants and
children, respectively [59]. Comparatively, in

2016, 1 year after the introduction of PCV13,
vaccine serotype carriage in unvaccinated
infants (aged 5 to 8 weeks) and children (aged
12 to 23 months) decreased by 51% and 52%,
respectively [59]. In Cambodia, a 2013 to 2014
hospital-based study in Siem Reap showed that
PCV13 serotypes accounted for 88% of IPD
isolates and 63% of outpatient nasopharyngeal
carriage isolates [60]. PCV13 was introduced in
Cambodia in 2015, and by the following year,
PCV13 serotype colonization decreased signifi-
cantly from 58% to 42% (P = 0.0001) in chil-
dren aged\1 year living in Siem Reap [62].
Notably, PCV13 coverage was 66% for children
aged\1 year in this study [62]. More recently, a
longitudinal study in Cambodia examining
nasopharyngeal colonization rates from 2014 to
2018 reported the PCV13 vaccine efficacy to be
39% in children aged\5 years [65]. In Taiwan,
a 2007 to 2013 study in children aged B 5 years
reported the vaccine efficacy of PCV7/PCV10
and PCV13 against IPD to be 45% and 74%,
respectively [61]. Taiwan introduced PCV13 in
2011, and subsequently a 2012 to 2015 study
reported that the incidence of IPD for children
aged B 5 years decreased by 69% during this
time [63]. A more recent study from Taiwan
reported that the incidence of IPD decreased by
up to 77% in patients aged\18 years between
2012 and 2015 [64]. The introduction of PCV13
in Taiwan also led to decreases in the incidence
of IPD caused by serotype 19A in children
aged\5 years; IPD incidence decreased by 33%
to 44% yearly from 2012 to 2017 [63].

In Pakistan, a matched case–control study
conducted at 16 hospitals in Sindh Province, in
children aged\5 years from July 2013 to
March 2017, showed the estimated efficacy of
PCV10 against vaccine-type IPD was 72.7%
(95% CI - 7.2%, 92.6%) with at least one dose
[66]. The vaccine efficacy point estimates for
PCV10 were high and increased with increasing
number of doses. However, vaccine efficacy
estimates did not reach statistical significance,
possibly because of low power. A systematic
review of IPD among children aged\12 years
from 1970 to 2014 in Bangladesh, Nepal, India,
Pakistan, and Sri Lanka found that the strains
covered in PCV10 contributed to an average of
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50% of IPD (ranging from 37% in Pakistan to
62% in India) [67].

The introduction of PCV into NIPs has also
led to reductions in CAP. In Japan, following
the introduction of PCV13 in 2013, one study
reported that the annualized incidence of hos-
pitalized CAP in children aged\5 years
decreased from 14.3 per 1000 children in 2012
to 9.7 per 1000 children in 2018 [68]. Specifi-
cally, the incidence of CAP due to vaccine ser-
otypes 1, 3, 7F, and 19A decreased in the years
following the introduction of PCV13 in Japan;
an overall decrease in the prevalence of all
PCV13 serotypes from 30% to 13% was
observed during this period [68]. Overall,
reductions in IPD incidence and CAP in other
Asian countries demonstrate successful imple-
mentation of vaccination programs against
S. pneumoniae and may serve as a model for the
Philippines.

Antimicrobial resistance of S. pneumoniae
continues to be of concern in Southeast Asia
[69, 70]. However, national PCV programs have
played a role in reducing antibiotic resistance
rates in several Asian countries [38, 61, 64,
68, 71]. In Japan, PCV13 was introduced in
2013; a study assessing pneumococcal disease
from 2012 to 2014 in individuals aged 2 months
to 16 years observed decreases in the percentage
of IPD isolates that were nonsusceptible to
penicillin and cefotaxime during this time [71].
In Taiwan, PCV13 was introduced in 2011; a
study of pneumococcal isolates collected from
hospitalized children and adolescents from
2012 to 2016 noted that between 2012 and
2014, significant decreases in antibiotic resis-
tance rates were observed for serotype 19F (91%
to 62%) and 19A (91% to 56%) [64]. Another
study from Taiwan observed that among pedi-
atric and adult pneumococcal isolates, peni-
cillin resistance rates decreased following
PCV13 introduction from 28% in 2012 to 8% in
2014 [61]. During the 3-year study period, ser-
otypes 19A and 19F were reported to have the
highest penicillin resistance rates, which
decreased from 52% and 42% to 14% and 18%,
respectively [61]. In a systematic review of IPD
among children aged\12 years from 1970 to
2014 in Bangladesh, Nepal, India, Pakistan, and
Sri Lanka, the authors reported that Sri Lanka

was the only country with high penicillin
resistance rates (almost 90%); the other coun-
tries had penicillin resistance rates of less than
10% [67].

Despite the success of PCV programs to
address antibiotic resistance, rising rates of
antibiotic resistance to pneumococci in several
Asian countries continue to be reported [38].
Notably, a longitudinal study in Taiwan repor-
ted increases in penicillin resistance rates for
PCV13 serotypes 19F and 19A in 2016, after
reporting declining penicillin resistance rates
between 2012 and 2014 [64]. Similarly, a recent
study in Japan in children aged\ 5 years hos-
pitalized for CAP reported an increase in peni-
cillin G resistance for nonvaccine serotypes 15A
and 35B between 2016 and 2018 [68]. Several
factors could be responsible for these increases
in antibiotic resistance, including rampant use
of antimicrobials in healthcare settings in
addition to the spread of antimicrobial-resistant
bacterial strains [38]. Overall, such reports
highlight the need to continually perform rou-
tine surveillance to monitor antibiotic resis-
tance among pneumococcal strains even in the
presence of an ongoing PCV immunization
program [38].

This narrative review should be assessed in
light of several inherent limitations. First, data
pertaining to epidemiology of pneumococcal
disease and serotype distribution among pneu-
mococcal isolates in the Philippines were lim-
ited to prospective studies and passive
surveillance, thus providing incomplete insight
into the true burden of pneumococcal disease in
the country. Second, contemporary data on
nasopharyngeal carriage in young Filipino
children are not available; because children are
the main carriers of S. pneumoniae, such data are
needed to better understand the prevalence of
the pathogen in the country. Finally, antimi-
crobial resistance data in young Filipino chil-
dren are limited, suggesting the need for greater
data collection among different age groups. The
lack of comprehensive epidemiological carriage
and antimicrobial data emphasize the unmet
need for active disease surveillance in the
Philippines.
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CONCLUSIONS

The Philippines has taken a positive step toward
combatting pneumococcal disease through the
introduction of PCV13 into the NIP [13]; how-
ever, there remains a critical need for contem-
porary and accurate disease surveillance. Such
data would provide better estimates of pneu-
mococcal disease incidence, serotype distribu-
tion, and antibiotic resistance to better inform
ongoing vaccination policies and to ensure that
the Philippine population is best protected
against pneumococcal disease.
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