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ARTICLE INFO ABSTRACT
Keywords: Objective: To describe the risk condition status and clinical outcomes among Thai children hospitalized with
Invasive pneumococcal disease (IPD) pneumococcal disease.
Pneumococcal pneumonia Methods: In this retrospective analysis, children with invasive pneumococcal disease (IPD) or x-ray-confirmed

Non-bacteraemic pneumococcal pneumonia
Pneumococcal conjugate vaccine
PCV13

non-bacteraemic pneumococcal pneumonia (NBPP) were identified from nine hospitals in Thailand between 2010
and 2019. Data on risk factors and outcomes were extracted from medical records.

Results: In total, 413 cases were identified: 319 IPD and 94 NBPP. Overall, 133 (32.2%) patients were admitted
to intensive care units and 11/406 (2.7%) died. Twenty-seven percent of IPD cases had at-risk conditions and
15% had high-risk conditions. Most IPD cases (32.9%) occurred in children aged 2-4 years, and most NBPP
cases (28.7%) occurred in infants aged 0-11 months. Of 51 Streptococcus pneumoniae isolates collected, 41 (80%)
were pneumococcal 13-valent conjugate vaccine serotypes. Only 5.1% of children had received a pneumococcal
vaccine.

Conclusions: Most children with IPD and NBPP did not have high-risk or at-risk conditions, while 42% had at-
risk or high-risk conditions for pneumococcal disease. Very few children in the cohort had received any type of
pneumococcal vaccine. Increasing the availability of pneumococcal conjugate vaccines should be considered to
reduce the burden of pneumococcal disease among children in Thailand.
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Introduction

Each year, Streptococcus pneumoniae causes approximately 14% of all
deaths in children aged <5 years worldwide [1], with most deaths oc-
curring in low- or middle-income countries [2]. S. pneumoniae causes
a spectrum of diseases, from mucosal infections [e.g. acute otitis media
and non-bacteraemic pneumococcal pneumonia (NBPP)] to severe inva-
sive pneumococcal disease (IPD), including septicemia, meningitis and
bacteraemic pneumonia [3,4].

The most effective method for prevention of pneumococcal disease
is vaccination [5]. Pneumococcal conjugate vaccines (PCVs) have been
approved in more than 100 countries, and are recommended by national
vaccine technical committees for administration in children, adolescents
and adults. As of 2022, PCVs were included in the national immuniza-
tion programmes (NIPs) of 152 countries [6]. Pneumococcal 7-valent
conjugate vaccine (PCV7), pneumococcal 10-valent conjugate vaccine
(PCV10)/Haemophilus influenzae protein D-conjugate vaccine (PHiD-CV)
and pneumococcal 13-valent conjugate vaccine (PCV13) are licensed for
use in Thailand; however, PCVs are not included in the Thai NIP [6].
Based on two published studies, the estimated incidence of IPD in at-
risk/high-risk Thai children aged <5 years is approximately 20-120 per
100,000 [7,8]. However, there is limited evidence regarding the demo-
graphics, clinical characteristics and outcomes of children presenting
with IPD in Thailand.

The primary objective of this study was to describe the risk con-
dition status and clinical outcomes among Thai children hospitalized
with pneumococcal disease. This study was conducted using available
medical databases and clinical records from nine university and tertiary
hospitals, and included children discharged with a diagnosis of IPD or
NBPP over a 10-year period (2010-2019).

Methods
Ethics statement

Prior to initiation of data abstraction, the protocol was approved
by the institutional review boards of each of the nine participating
hospitals: Ramathibodi Hospital, Queen Sirikit National Institute of
Child Health, Siriraj Hospital, King Chulalongkorn Memorial Hospital,
Phramongkutklao Hospital, Srinagarind Hospital, Buddhachinaraj Hos-
pital, Prince of Songkla University Hospital and Chiang Mai University
Hospital. The nine hospitals were located throughout five provinces in
Thailand (Figure S1, see online supplementary material). The study was
conducted in accordance with the Declaration of Helsinki on Ethical
Principles for Medical Research Involving Human Subjects, adopted by
the General Assembly of the World Medical Association (1996, 2008).
Additionally, the study was conducted in accordance with the principles
of the International Conference on Harmonization Guideline on Good
Clinical Practice, and applicable local regulatory requirements and laws.

Study design and population

This was a retrospective database study of paediatric patients aged
<15 years discharged from nine tertiary or university hospitals in Thai-
land between January 2010 and December 2019 with pneumococcal dis-
ease, confirmed by microbiological evidence of IPD (from normally ster-
ile sites) or NBPP (based on tracheal suction or bronchoalveolar lavage).

Case definitions and clinical specimens

Two data abstractors at each of the nine hospitals searched the elec-
tronic medical record or medical chart for International Classification
of Diseases Version 10 codes (Table 1) to identify episodes of IPD and
NBPP. To be counted as a case, individuals had to have one of the dis-
charge diagnosis codes in Table 1, and laboratory confirmation of Strep-
tococcus pneumoniae from a specimen obtained as standard of care.
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Pneumococcal identification was conducted at each hospital’s lab-
oratory using standard methods, including isolation of S. pneumoniae
by antigen detection assay (latex agglutination), polymerase chain re-
action (PCR), or culture from blood, cerebrospinal fluid, pleural fluid,
peritoneal fluid, pericardial fluid, joint, bone or any other normally ster-
ile site. Serotyping was performed at Siriraj Hospital, Queen Sirikit Na-
tional Institute of Child Health, King Chulalongkorn Memorial Hospital,
Phramongkutklao Hospital, Prince of Songkla University Hospital and
Ramathibodi Hospital using standard methods including the Quellung
reaction or sequential multiplex PCR [9]. All study hospitals have Inter-
national Organization for Standardization accreditation.

The case definition for IPD was detection of S. pneumoniae by latex
agglutination, PCR, or culture from blood, cerebrospinal fluid, pleural
fluid, peritoneal fluid, pericardial fluid, joint, bone or any other nor-
mally sterile site [9]. Individuals with x-ray-confirmed pneumonia who
had a positive culture for S. pneumoniae from a normally sterile fluid
(e.g. blood and pleural fluid) were counted as bacteraemic pneumonia
and included in the IPD group.

The case definition for NBPP was x-ray-confirmed pneumonia and a
positive culture of S. pneumoniae from a sample obtained from the lower
respiratory tract by tracheal suction or bronchoalveolar lavage. If a child
had S. pneumoniae identified from both a normally sterile site (IPD) and
the lower respiratory tract (NBPP), they were counted as an IPD case
alone.

Antibiotic susceptibility testing was carried out as part of standard of
care using customary methods including disk diffusion, ETEST gradient
strips and VITEK 2 (bioMérieux, Marcy I’Etoile, France). For a subset
of isolates, pneumococcal serotyping was performed using the Quellung
reaction and/or sequential multiplex PCR.

Medical conditions were classified a priori as being either at risk or
high risk based on the recommendations of the United States Advisory
Committee on Immunization Practices [10]. At-risk conditions included
diabetes mellitus, chronic pulmonary disease (interstitial pulmonary
disease, asthma, etc.), chronic heart disease and chronic liver disease.
High-risk conditions included congenital immunodeficiency/other ac-
quired immunodeficiency, chronic renal disease (nephrotic syndrome),
human immunodeficiency virus (HIV) infection and sickle cell dis-
ease/asplenia, as well as cochlear implant and cerebrospinal fistula.
Other conditions classified as at-risk conditions by the investigators
included: haemoglobinopathy/thalassaemia, G6PD deficiency, preterm
birth, subglottic stenosis, meningoencephalocele, Chiari malformation,
Downs syndrome, cerebral palsy, global delay development, spastic
cerebral palsy, suspected congenital dystrophy and congenital myopa-
thy.

If a child had both high-risk and at-risk conditions, they were catego-
rized as ‘high-risk conditions’. Children with none of the aforementioned
conditions were categorized as ‘without at-risk/high-risk conditions’.

Discharge status was recorded as noted by the treating physician in
the medical record. Recovered was defined as the disease/condition had
fully resolved without any sequelae. Improved was defined as clinical
improvement of the disease/condition, but not yet fully resolved. Wors-
ening was defined as a clinical course of the disease/condition that wors-
ened with complications and/or sequelae. Death was classified as death
from any cause.

Data management

Abstracted data were collected in a case report form that included
information on demographics, diagnosis, hospitalization, clinical speci-
mens and laboratory results, radiographic assessment, treatment, pneu-
mococcal vaccination history and risk category information. The data
abstraction was completed by one abstractor at each site, and the data
for each subject were reviewed and checked by an abstractor at the cen-
tral site. The data were entered into an Access database (Microsoft Corp.,
Redmond, WA, USA).
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Invasive pneumococcal disease (IPD) and non-bacteraemic pneumococcal pneumonia (NBPP) International Classification Version 10 (ICD-10) codes and specimen

source [34].

Condition Source ICD-10 code(s)
IPD
Bacteraemic pneumococcal pneumonia Blood J11, J13, J15, J17, J18, A40, A40.3, A40.9, A41,

Pleural fluid
Cerebrospinal fluid

Complicated pneumococcal pneumonia
Pneumococcal meningitis

Pneumococcal bacteraemia Blood
Pneumococcal peritonitis Peritoneal
Pneumococcal septic arthritis Joint/synovial fluid
Pneumococcal osteomyelitis Bone

Other pneumococcal infections
NBPP
Non-bacteraemic pneumococcal pneumonia

Other normally sterile internal body sites (e.g. lymph node, brain, etc.)

Tracheal suction or bronchoalveolar lavage

R65.1, R65.20, R65.21, R78.81

J85.1, J86

G00.1

A40, A40.3, A40.9, R65.1, R56.21, R78.81, R65.20
K65, B9S

MO00, M00.1, M00.10, M00.11-M00.19

M86, B95

B95.3

J11, J13, J15, J17, J18

Statistical analysis

Descriptive statistics were performed for all study variables, includ-
ing frequency for categorical variables, and mean (standard deviation)
or median (range) for continuous variables.

Percentages were calculated for the total number of children per age
group or IPD/NBPP group. Odds ratios (OR) and 95% confidence in-
tervals (CI) based on the Wald method comparing outcomes of children
with at-risk and high-risk conditions with children without at-risk/high-
risk conditions were calculated and adjusted for age. All analyses were
conducted using SAS Studio (SAS Inc., Cary, NC, USA).

Results

In total, 413 cases were included in the final dataset: 319 IPD and
94 NBPP (Table 2a). Ten subjects were excluded due to missing source
(i.e. not defined as sterile or non-sterile site) of specimen data, six sub-
jects were excluded due to missing age information or age >15 years,
and one subject was excluded due to hospitalization for >2 years due
to other conditions. The majority of IPD cases were identified through
blood culture (264/319, 82.8%). Of the IPD cases, 15.4% (49/319)
had a discharge diagnosis code of pneumococcal meningitis (G00.1).
Twenty-seven percent (85/319) of IPD cases had at-risk conditions, 15%
(49/319) had high-risk conditions and 58% (185/319, 58.0%) did not
have at-risk or high-risk conditions. Of the NBPP cases, 1% (1/94) had
a high-risk condition, 41.5% (39/94) had at-risk conditions and 57%
(54/94) did not have at-risk or high-risk conditions. Overall, 57.9%
(239/413) of children with IPD or NBPP were not identified as hav-
ing at-risk or high-risk conditions. Immunodeficiency (31/413, 7.5%)
and chronic renal disease/nephrotic syndromic (20/413, 4.8%) were
the most common high-risk conditions. The most common at-risk condi-
tions were chronic heart disease (42/413, 10.2%), chronic liver disease
(25/413, 6.1%) and premature birth (19/413, 4.6%).

Overall, slightly more males (235/413, 56.9%) than females
(166/413, 40.2%) were included in this study (Table 2a). Most of the
IPD cases were in the 2-4-years age group (105/319, 32.9%); however,
among the IPD cases with high-risk conditions, over half were in the
5-15-years age group (27/49, 55.1%). Over half of the IPD cases with
a discharge diagnosis of pneumococcal pneumonia (G00.1) were aged
0-11 months (31/49, 63.3%), 8.2% (4/49) were aged 12-23 months,
12.2% (6/49) were aged 2—4 years and 16.3% (8/49) were aged 5-15
years. Of children with IPD aged 5-15 years, 43.9% (29/66) did not have
at-risk or high-risk conditions. The most common age group for NBPP
cases was 0-11 months (27/95, 28.7%), and the age group distribution
was similar regardless of risk group (Table 2a).

The median length of hospitalization was 13 (range 0-555) days,
and this was similar regardless of pneumococcal disease type or medi-
cal condition risk group (Table 2b). Of 133 cases requiring admission to
an intensive care unit (ICU), 33.1% (44/133) were aged 0-11 months,
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20.3% (27/133) were aged 12-23 months, 24.1% (32/133) were aged
2-4 years and 22.6% (30/133) were aged 5-15 years. Although there
were 11 deaths (11/406, 2.7%) — eight in IPD cases (8/319, 2.5%) and
three in NBPP cases (3/94, 3.2%) — most IPD and NBPP cases recov-
ered or had an improved condition upon discharge (392/413, 94.9%)
(Table 2b). Nonetheless, the proportion of NBPP cases admitted to the
ICU was higher (64/94, 68.1%) compared with IPD cases (69/319,
21.6%). Ventilator use was also higher in NBPP cases (59/94, 62.8%)
compared with IPD cases (54/319, 16.9%) (Table 2b).

Only 21 children (21/413, 5.1%) had documentation of receipt of a
pneumococcal vaccine (PCV). PCV13 was the most commonly received
vaccine, received by 16/413 (3.9%) children (Table 2a). One of the 21
children (4.8%) who had received a PVC was fully vaccinated (PCV13).

There were 51/413 (12.3%) cases with S. pneumoniae isolates that
were serotyped; of these, 41 (80.3%) were PCV13 serotypes. The
most frequently identified vaccine serotypes were 19F (8/51, 15.7%),
6B (7/51, 13.7%) and 19A (5/51, 9.8%). Ten cases had non-vaccine
serotypes (10/51, 19.6%) (Figure 1a). The S. pneumoniae isolates that
were serotyped were identified, by year, in 2010 (n=10), 2011 (n=4),
2012 (n=6), 2013 (n=16), 2014 (n=4), 2015 (n=8), 2016 (n=2) and
2018 (n=1) (Figure 1b).

Antibiotic susceptibility testing was performed for at least one an-
tibiotic for all isolates (Table 3). Susceptibility was good for lev-
ofloxacin (IPD: 72/73, 98.6%; NBPP: 40/43, 93.0%), vancomycin (IPD:
229/234, 98.7%; NBPP: 87/87, 100%) and linezolid (IPD: 49/49, 100%;
NBPP: 28/28, 100%). The antibiotics most commonly associated with
resistance were erythromycin (IPD: 60.3%; NBPP: 76.3%), tetracy-
cline (IPD: 74.5%; NBPP: 72.7%) and trimethoprim-sulfamethoxazole
(IPD: 62.2%; NBPP: 63.6%) (Table 3). Penicillin (oral) showed re-
duced susceptibility (intermediate or resistant) in 21.9% of IPD iso-
lates (12.1% intermediate, 18.2% resistant) and 21.0% of NBPP iso-
lates (28.6% intermediate, 14.3% resistant). Meropenem showed re-
duced susceptibility, with 16.7% of IPD isolates displaying intermediate
resistance.

This study investigated whether children with high-risk or at-risk
conditions had higher odds of poor outcomes (i.e. more likely to have
worsening disease or death upon discharge) compared with children
without high-risk or at-risk conditions. None of the NBPP cases with
high-risk conditions had poor outcomes, so OR analysis was not con-
ducted for this group. Among IPD cases with high-risk conditions, the
adjusted OR was 1.22 (95% CI 0.13-11.85), and for NBPP cases with
at-risk conditions, the adjusted OR was 1.57 (95% CI 0.20-12.32). No
significant differences were observed for either IPD or NBPP cases as the
95 CIs were wide (Table 4a).

This study also investigated the odds of death among IPD cases
with high-risk or at-risk conditions. The case fatality ratio among cases
with high-risk or at-risk conditions was 5/132 (3.8%) for IPD and 2/39
(5.1%) for NBPP, although cause of death data were not available. Those
IPD cases with either high-risk or at-risk conditions were 2.48 (95% CI
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Table 2a
Characteristics and vaccination status of hospitalized children aged 0-15 years with invasive pneumococcal disease and non-bacteraemic pneumococcal pneumonia, by risk group from nine tertiary hospitals in
Thailand, 2010-2019.

Pneumococcal disease type

Invasive pneumococcal disease Non-bacteraemic pneumococcal pneumonia
Risk group All (n=319) Risk group All (n=94)
High-risk (n=49) At-risk (n=85) No high-risk/at-risk High-risk (n=1) At-risk (n=39) No high-risk/at-risk
conditions (n=185) conditions (n=54)
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Sex

Female 12 (24.5) 37 (43.5) 83 (44.9) 132 (41.4) 0 ) 18 (46.2) 16 (29.6) 34 (36.2)

Male 36 (73.5) 44 (51.8) 99 (53.5) 179 (56.1) 1 (100.0) 18 (46.2) 37 (68.5) 56 (59.6)

Missing data 1 (2.0) 4 “4.7) 3 (1.6) 8 (2.5) 0 ) 3 7.7) 1 (1.9 4 (4.3)

Total 49 (100.0) 85 (100.0) 185 (100.0) 319 (100.0) 1 (100.0) 39 (100.0) 54 (100.0) 94 (100.0)
Age group

0-11 months 3 (6.1) 33 (38.8) 50 (27.0) 86 (27.0) 0 ) 12 (30.8) 15 (27.8) 27 (28.7)

12-23 months 4 8.2) 19 (22.4) 39 (21.1) 62 (19.49) 0 ) 10 (25.6) 13 (24.1) 23 (24.5)

2-4 years 15 (30.6) 23 (27.1) 67 (36.2) 105 (32.9) 0 ) 8 (20.5) 12 (22.2) 20 (21.3)

5-15 years 27 (55.1) 10 (11.8) 29 (15.7) 66 (20.7) 1 (100.0) 9 (23.1) 14 (25.9) 24 (25.5)

Total 49 (100.0) 85 (100.0) 185 (100.0) 319 (100.0) 1 (100.0) 39 (100.0) 54 (100.0) 94 (100.0)
Received vaccine

PCV7 1 (2.0) 0 ) 0 0) 1 (0.3) 0 ) 0 0) 0 0) 0 0)

PCV10/PHiD-CV 0 0) 0 ) 0 0) 0 0) 0 ) 1 (2.6) 1 (1.9 2 (2.1)

PCV13 2 (4.1) 5 (5.9) 4 (2.2) 11 3.4) 0 ) 3 7.7) 2 3.7) 5 (5.3)

PPSV23 0 0) 1 (1.2) 1 (0.5) 2 (0.6) 0 ) 0 0) 0 0) 0 0)

PCV7, pneumococcal 7-valent conjugate vaccine; PCV10/PHiD-CV, pneumococcal 10-valent conjugate vaccine Haemophilus influenzae protein D-conjugate vaccine; PCV13, pneumococcal 13-valent conjugate vaccine;
PPSV23, pneumococcal polysaccharide vaccine.
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Table 2b

Hospital course and status at discharge of hospitalized children aged 0-15 years with invasive pneumococcal disease and non-bacteraemic pneumococcal pneumonia, by risk group, from nine tertiary hospitals in

Thailand, 2010-2019.

Pneumococcal disease type

Invasive pneumococcal disease

Non-bacteraemic pneumococcal pneumonia

Risk group All (n=319) Risk group All (n=94)
High-risk (n=49) At-risk (n=85) No high-risk/at-risk High-risk (n=1) At-risk (n=39) No high-risk/at-risk
conditions (n=185) conditions (n=54)
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n %)

Length of stay (days)

Median (range) 15 (4-55) 14 (1-217) 10 (0-72) 13 (0-217) 3 3-3) 13 (4-261) 14 (2-555) 14 (2-555)

Missing data 0 0 2 (2.35) 2 (1.08) 4 (1.25) 0 0) 1 (2.56) 0 ) 1 (1.06)
ICU admission

Yes 9 (18.4) 25 (29.4) 35 (18.9) 69 (21.6) 0 0) 28 (71.8) 36 (66.7) 64 (68.1)

Missing data 2 4.1) 7 (8.2) 8 4.3) 17 (5.3) 0 0) 0 0) 2 3.7) 2 2.1)

Total 49 (100.0) 85 (100.0) 185 (100.0) 319 (100.0) 1 (100.0) 39 (100.0) 54 (100.0) 94 (100.0)
Days in ICU

Median (range) 1 (0-10) 5 (0-150) 5 (0-72) 4 (0-150) - - 6 (0-47) 8 (1-56) 7 (0-56)

Missing data 0 0) 0 (O] 1 (1.9) 1 (1.5) - - 0 ) 0 ) 0 )
Ventilator use

Yes 6 (12.2) 19 (22.4) 29 (15.7) 54 (16.9) 0 0) 28 (71.8) 31 (57.4) 59 (62.8)

Missing data 2 4.1) 8 9.9 11 (5.9) 21 (6.6) 0 0) 1 (2.6) 2 3.7) 3 3.2)

Total 49 (100.0) 85 (100.0) 185 (100.0) 319 (100.0) 1 (100.0) 39 (100.0) 54 (100.0) 94 (100.0)
Days on ventilator

Median (range) 0 (0-5) 3 (0-145) 3 (0-40) 3 (0-145) - - 5.5 (1-38) 5 (0-42) 5 (0-42)

Missing data 0 0) 0 (O] 0 (©)] 0 0) - - 0 0) 0 0) 0 0)
Discharge status

Recovered 19 (38.8) 26 (30.6) 81 (43.8) 126 (39.5) 0 0) 8 (20.5) 4 (7.4) 12 (12.8)

Improved 28 (57.1) 54 (63.5) 96 (51.9) 178 (55.8) 1 (100.0) 28 (71.8) 47 (87.0) 76 (80.9)

Worsening (complication or sequalae) 0 ) 0 0) 2 (1.1) 2 (0.6) 0 0) 0 ) 1 (1.9) 1 (1.1)

Deceased 1 (2.0) 4 4.7) 3 (1.6) 8 (2.5) 0 0) 2 (5.1) 1 (1.9 3 3.2)

Missing data 1 (2.0) 1 (1.2) 3 (1.6) 5 (1.6) 0 0) 1 (2.6) 1 (1.9) 2 (2.1)

Total 49 (100.0) 85 (100.0) 185 (100.0) 319 (100.0) 1 (100.0) 39 (100.0) 54 (100.0) 94 (100.0)

Case fatality ratio 1/48 @n 4/84 (4.8) 3/182 (1.6) 8/314 (2.5) 0/1 0) 2/38 (5.3) 2/53 (3.8) 3/92 3.3)
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Figure 1. (a) Serotypes of Streptococcus pneumoniae isolates from children aged 0-15 years with invasive pneumococcal disease (IPD) or non-bacteraemic pneumo-
coccal pneumonia (NBPP) from nine tertiary hospitals in Thailand, 2010-2019 (n=51). PCV13 serotypes are in bold. NVT, non-vaccine serotype. *Determined to
serogroup level using polymerase chain reaction. "Other, serotype unspecified. (b) Serotyped S. pneumoniae isolates from children aged 0-15 years with IPD or NBPP
from nine tertiary hospitals in Thailand by year of identification, 2010-2019 (n=51). PCV13, pneumococcal 13-valent conjugated vaccine.

0.58-10.62) times more likely to die during hospitalization compared
with children without at-risk or high-risk conditions, adjusted for age
(Table 4b).

Discussion

This study used available medical databases and clinical records
from nine hospitals to describe the risk condition status and clinical
outcomes among Thai children hospitalized with pneumococcal disease
(IPD or NBPP) over a 10-year period (2010-2019).

This study demonstrated that 42.0% of IPD and NBPP cases had at-
risk or high-risk conditions. One-third of all cases (IPD and NBPP) re-
quired ICU admission. Compared with IPD cases, a higher proportion of
NBPP cases required ICU admission and ventilator use. The overall case
fatality ratio in the study cohort was 2.7%; however, slightly higher case
fatality ratios were seen in children with high-risk or at-risk conditions:
3.8% for IPD and 5.1% for NBPP.

Although serotyping data in this study were limited, serotypes 19F,
6B, 19A and 14 were the most common serotypes, all of which are in-
cluded in both PCV13 and the new, higher-valency vaccines (PCV15 and
PCV20).

54

Reduced susceptibility to penicillin in the study cohort was 21.9%
for IPD and 21.0% for NBPP, obtained from the lower respiratory tract.
Although relatively low in this study, antimicrobial resistance is a docu-
mented problem in Asia [11,12]. In a retrospective chart review of hos-
pitalized IPD cases aged <15 years in Bangkok from 1971 to 2000, 42%
of isolates showed intermediate resistance and 58% of isolates were re-
sistant to penicillin [13,14]. A surveillance study in Thailand from 2000
to 2005 reported intermediate resistance to penicillin in 26% of isolates
and resistance in 44% of isolates from hospitalized children aged <5
years [13]. In the present cohort, 16.7% of isolates tested for meropenem
susceptibility showed intermediate resistance (83.3% susceptible). Al-
though no isolates in the present study were resistant to meropenem, a
global study between 2015 and 2017 reported that meropenem suscep-
tibility was <60.9% in Africa, Asia and the Middle East, and >81.6%
in Europe, North America and Latin America [15]. One of the strate-
gies in Thailand’s strategic plan on antimicrobial resistance 2017-2021
was containment of antimicrobial resistance in humans [16]. Utiliza-
tion of antibiotics and resistance is likely to continue to rise; however,
pneumococcal vaccination may be an important tool to combat this
problem.

Chronic heart disease (10.2%) was the most common at-risk condi-
tion in the study cohort, and immunodeficiency (7.5%) was the most
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Table 3
Antimicrobial susceptibility of Streptococcus pneumoniae isolates collected from children aged 0-15 years with invasive pneumococcal disease or non-bacteraemic
pneumococcal pneumonia from nine tertiary hospitals in Thailand, 2010-2019.

Antimicrobial agents Invasive pneumococcal disease Non-bacteraemic pneumococcal pneumonia

Susceptibility (%)

Total Susceptible Intermediate Resistance Total Susceptible Intermediate Resistance

isolates isolates

tested n (%) n (%) n (%) tested n (%) n (%) n (%)
Penicillin (oral) 66 46 (69.7) 8 (12.1) 12 (18.2) 7 4 (57.1) 2 (28.6) 1 (14.3)
Penicillin (parenteral) 247 193 (78.1) 11 (4.5) 43 (17.4) 81 64 (79.0) 2 (2.5) 15 (18.5)
Amoxicillin/clavulanate 7 7 (100) 0 ) 0 ) 2 2 (100) 0 0) 0 )
Ceftriaxone 87 80 (92.0) 1 (5.8) 2 (2.3) 4 4 (100) 0 0) 0 0)
Cefuroxime 6 0 0) 1 (16.7) 5 (83.3) 2 0 0) 0 0) 2 (100)
Chloramphenicol 67 50 (74.6) 0 0) 17 (25.4) 65 54 (83.1) 0 ) 11 (16.9)
Levofloxacin 73 72 (98.6) 0 ) 1 1.4 43 40 (93.0) 0 0) 3 (7.0)
Moxifloxacin 3 3 (100) 0 ) 0 (0) 0 0 0) 0 (©] 0 (0)
Erythromycin 184 68 (37.0) 5 2.7) 111 (60.3) 80 18 (22.5) 1 (1.3) 61 (76.3)
Azithromycin 5 1 (20) 0 0) 4 (80) 2 0 0) 0 ) 2 (100)
Vancomycin 232 229 (98.7) 2 (0.9) 1 0.4) 87 87 (100) 0 0) 0 0)
TMP/SMX 164 43 (26.2) 19 (11.6) 102 (62.2) 44 11 (25) 5 (11.4) 28 (63.6)
Clindamycin 93 51 (54.8) 1 (1.1) 41 (44.1) 53 21 (39.6) 0 ) 32 (60.4)
Tetracycline 98 21 (21.4) 4 (4.1) 73 (74.5) 33 8 (24.2) 1 (3.0) 24 (72.7)
Cefepime 1 1 (100) 0 ) 0 0) 5 5 (100) 0 0) 0 0)
Cefotaxime 183 172 (81.7) 6 3.3) 5 2.7) 41 38 (92.7) 2 (4.9) 1 2.4)
Daptomycin 1 0 0) 0 ) 1 (100) 0 0 ()] 0 ) 0 0)
Ertapenem 1 0 (0) 0 ) 1 (100) 0 0 0) 0 (©)] 0 (0)
Linezolid 49 49 (100) 0 ) 0 0 28 28 (100) 0 ) 0 )
Meropenem 24 20 (83.3) 4 (16.7) 0 0) 0 0 0) 0 ) 0 )
Tigecycline 2 2 (100) 0 ) 0 0) 1 0 0) 0 0) 1 (100)

TMP/SMX, trimethoprim-sulfamethoxazole.

Table 4a
Odds of poor clinical outcomes (worsening/death) by risk level among hospitalized children aged 0-15 years with invasive pneumococcal disease and non-
bacteraemic pneumococcal pneumonia in tertiary hospitals in Thailand, 2010-2019.

Risk group Invasive pneumococcal disease Non-bacteraemic pneumococcal pneumonia
Worsening or death OR? (95% CI) aOR" (95% CI) Worsening or death OR? (95% CI) aOR" (95% CI)
n/N (%) n/N (%)
High risk 1/48 (2.1) 0.75 (0.09-6.60) 1.22 (0.13-11.85) 0/1 (0) - -
At risk 4/84 (4.8) 1.77 (0.46-6.77) 1.54 (0.40-5.97) 2/38 (5.3) 1.42 (0.19-10.53) 1.57 (0.20-12.32)
Not at risk or high 5/184 (2.8) Ref Ref 2/53 (3.8) Ref Ref
risk

OR, odds ratio; aOR, adjusted OR; CI, confidence interval.
2 OR vs counterparts without at-risk/high-risk conditions, recovered/improved.
b OR vs counterparts without at-risk/high-risk conditions, recovered/improved, adjusted for age group (0-11 months, 12-23 months, 2-4 years, 5-15 years).

Table 4b
0Odds of death by risk level among hospitalized children aged 0-15 years with invasive pneumococcal disease in tertiary hospitals in Thailand, 2010-2019.
Risk group Invasive pneumococcal disease
Death OR? (95% CI) aOR" (95% CI)
n/N (%)
High risk or at risk 5/132(3.8) 2.35 (0.55-10.00) 2.48 (0.58-10.62)
Not at risk or high risk 3/182 (1.7) Ref Ref

OR, odds ratio; aOR, adjusted OR; CI, confidence interval.
2 OR vs counterparts without at-risk/high-risk conditions.
b OR vs counterparts without at-risk/high-risk conditions, adjusted for age group (0-11 months, 12-23 months, 2-4 years, 5-15 years).

common high-risk condition. A case-control study among children aged In the present study, the case fatality ratio was 2.7% overall and
<5 years in a high-HIV-prevalence setting, South Africa, revealed that 2.5% for IPD. This case fatality ratio is lower than that reported from
underlying medical conditions were associated with IPD in children other countries such as the UK, where the case fatality rate of IPD in

who were not infected with HIV (adjusted OR 1.99, 95% CI 1.22-3.22) children during a similar time period was 5.1%; however, the UK study
[17]. In the USA, a retrospective cohort analysis found that the risk only included children aged <5 years [18]. A review published in 2009

of IPD in children aged <17 years with high-risk condition(s) varied reported an 11% case fatality rate for pneumonia among Thai paedi-
from four- to 40-fold across medical conditions compared with children atric cases aged <5 years; however, this was not specific to pneumococ-
without high-risk or at-risk conditions [7]. In the UK, during the pe- cal pneumonia. A retrospective study in Korea of invasive infections in
riod after PCV13 introduction, 20.6% of IPD patients aged <5 years immunocompetent children from 2006 to 2010 found that the case fa-
had an underlying condition, with immunosuppression being the most tality rate for S. pneumoniae was 8.4% (13/155) [19]. Case fatality rates
common [18]. for IPD vary depending on geography and study population; a review
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of paediatric IPD in Europe found that case fatality rates for children
aged <5 years ranged from 0.7% to 36.4% [20]. Reasons for the lower
fatality rate in the present study could include improved access to care
and improved quality of care during the study period. Additionally, the
present study included older children and adolescents, who typically
have a lower case fatality rate.

In this study, risk conditions were not significantly associated with
increased likelihood of poor outcomes or death; however, the 95% CIs
were wide due to relatively small numbers, and the point estimates for
ORs were >1. In the UK, the OR of a fatal outcome from IPD among
children aged 2-15 years was 2.5 times higher for children with one or
more risk factors compared with children without risk factors [21].

Strengths of this study include the long study period and data col-
lection from nine tertiary hospitals, representing both Bangkok and re-
gional areas. This study provides new data on the characteristics of pae-
diatric IPD and NBPP in Thailand. However, this study also has several
limitations. Data were missing or incomplete for a number of cases. Miss-
ing data or low numbers for several data categories meant that certain
comparisons or statistical analyses could not be performed. Addition-
ally, incidence could not be calculated as the population denominators
were not available. Pneumococcal serotyping data in the study cohort
were only available for 12% of cases. Despite this limitation, the results
were similar to a study by Phongsamart et al. [22], which found that
the most common S. pneumoniae serotypes in Thai children aged <5
years with invasive disease were 6B (27.8%), 23F (20.0%), 14 (10.4%)
and 19F (9.6%). A study examining IPD in Central Thailand between
2012 and 2016 found that, for children aged <5 years, serotypes 6B,
14, 19A and 19F were the most common, and 71.3% of IPD cases in
this age group were caused by PCV13 serotypes [23]. A nasopharyngeal
colonization study in Thai children aged <5 years also showed that 6B,
19F and 23F were the most common serotypes isolated [11]. The high
proportion of PCV13 serotypes identified in the present study (80%) is
likely due to limited use of PCV in Thailand. Only 5% of patients in this
study had documented receipt of PCV.

Between 2007 and 2011, several PCVs (PCV7, PCV10/ PHiD-CV and
PCV13) were licensed for use in Thailand. As of 2022, pneumococcal
vaccination has not been included in the Thai NIP [24,25]. The current
estimated uptake rates of PCV13 and PCV10/ PHiD-CV in Thai children
are approximately 13% and 3%, respectively (personal communication
with Dr. Wanatpreeya Phongsamart, unpublished data).

PCVs are included in the paediatric NIPs of 152 countries, and are
recommended by national vaccine technical committees for adminis-
tration in children, adolescents and adults. Studies conducted in other
countries in the region have demonstrated that routine pneumococcal
vaccination in children reduces vaccine-type IPD and is cost-effective
compared with no pneumococcal vaccination [25-29]. In 2013, a cost-
utility analysis was conducted based on PCV vaccine implementation for
the entire birth cohort. As a result of that study, the decision to introduce
PCVs was postponed [30]. A more recent study has demonstrated that,
after accounting for herd immunity effects, PCV13 and PCV10/PhiD-
CV would be cost-effective in Thailand [25,31]. Moreover, significant
lifetime productivity losses due to pneumococcal disease could be pre-
vented with PCV13 immunization during infancy [25,32]. Enhancing
nationwide pneumococcal disease surveillance, including sample man-
agement and serotyping, will be critical to further assess the value of
PCVs in Thailand.

The World Health Organization (WHO) recommends the inclusion
of PCVs in paediatric immunization programmes worldwide [33]. Ad-
ditionally, the US Advisory Committee on Immunization Practices rec-
ommends PCV13 vaccination for children aged 2-59 months and 60-
71 months with chronic and immunocompromising conditions. In Thai-
land, risk conditions were common among the IPD and NPBB patients in
this study, suggesting that children with underlying conditions known to
increase the risk of pneumococcal disease may particularly benefit from
PCV immunization. Nonetheless, more than half of the patients in this
cohort did not have any known risk condition other than their young

56

LJID Regions 8 (2023) 49-57

age. An ideal vaccination programme in line with WHO recommenda-
tions would include PCV in the routine infant NIP. The majority of cases
in this study did not have high-risk or at-risk conditions, indicating that
pneumococcal vaccination is needed for all young children, regardless
of risk condition. However, children with risk conditions could be prior-
itized for PCV immunization in the face of resource constraints. As ex-
pected, most cases of IPD and NPBB occurred in children aged <5 years.
For IPD, a high proportion (56%) of older children aged 5-15 years had
a high-risk or at-risk condition, suggesting a targeted, risk-based PCV
vaccination programme might be appropriate for older children. Older
children with risk conditions could also be considered in the design of
potential catch-up campaigns to provide protection to those most vul-
nerable to severe pneumococcal infections.

Conclusions

This study adds important descriptive data on IPD and NBPP cases
in children aged <15 years over a 10-year period in Thailand. Forty-two
percent of the paediatric patients in this study had at-risk or high-risk
conditions for pneumococcal disease; however, receipt of any type of
PCV in the study cohort was minimal. The most commonly identified
serotypes in the cohort are included in the PCV13 vaccine. Increasing
the availability of PCVs should be considered as a public health tool to
reduce the burden of pneumococcal disease in Thailand.
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