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Purpose: Streptococcus pneumoniae causes serious infections globally, including invasive
pneumococcal disease (IPD). We analyze clinical features of pediatric IPD cases identified in
China and antibiotic susceptibility of isolated pneumococcal strains.

Methods: Confirmed pediatric IPD patients were prospectively recruited to the study. Symp-
toms at the time of hospitalization, laboratory tests, antimicrobial susceptibility of pneumo-
coccal isolates, treatments, hospital stay, and residual findings at discharge were analyzed
systematically.

Results: From January 2008 to December 2017, a total of 123 hospitalized children diagnosed
with IPD were enrolled: 68 from pediatric departments of Xinhua Hospital, and 55 from Lanzhou
University Second Hospital. Of these pediatric IPD patients, 81 (65.86%) were male, and 98
(79.67%) <5 years old. Most cases (96, 78.05%) were diagnosed during the cold season between
September and February. Sepsis was observed in 82 (66.67%) patients, 48 (39.02%) children
were diagnosed with meningitis, 41 (33.33%) with pneumonia, 30 (24.39%) with pleurisy, and
4 (3.25%) with osteomyelitis. Underlying diseases were noted in 35 (28.45%) patients and
concurrent infections in 45 (36.58%). The overall mortality rate was 2.44%. IPD children who
developed sepsis and necrotizing pneumonia showed higher proportions of intensive care-unit
admission, intravenous Y-globulin, glucocorticoid use, hemofiltration and ventilator, and lon-
ger duration of fever, hospital stay, and antibiotic use than nonsepsis and pneumonia subjects.
Antimicrobial resistance of S. pneumoniae showed a highly unsusceptible rate for erythromycin
(96.75%), trimethoprim-sulfamethoxazole (79.67%), and tetracycline (77.23%). All isolates
were sensitive to vancomycin, linezolid, and levofloxacin.

Conclusion: Clinical symptoms were severe in the majority of pediatric IPD patients. More
intensive treatments were demanded for IPD children with sepsis and necrotizing pneumonia.
High resistance rates for erythromycin, trimethoprim—sulfamethoxazole, and tetracycline were
found.

Keywords: Streptococcus pneumoniae, children, invasive pneumococcal disease, antimicrobial
resistance

Introduction

Streptococcus pneumoniae is a major cause of serious infections associated with high
morbidity and mortality globally.! Normally, S. preumoniae colonizes asymptomati-
cally in the nasopharynx of healthy carriers; however, it can be pathogenic and trans-
mit to other locations, causing both noninvasive and invasive diseases in susceptible
individuals, particularly in young children and elderly people.? Invasive pneumococcal
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disease (IPD) is defined as isolation of S. pneumoniae from
a normally sterile body site, such as blood, cerebrospinal
fluid (CSF), synovial fluid, pericardial fluid, pleural fluid, and
peritoneal fluid, corresponding with bacteremia, meningitis,
septic arthritis, pericarditis, pleurisy, and peritonitis, respec-
tively.? Mortality rates of children associated with IPD are
approximately 5.3%—27.5%, and even higher dependent on
the IPD type.* It has been reported that IPD causes more
than 1 million deaths annually worldwide, mostly children
aged <5 years.”® Most of IPD associated deaths occur in
developing countries, including China."” In 2000, it was
estimated that around 30,000 children <5 years old died
from IPD in China.! Studies have aimed to analyze pediatric
IPD characteristics in different regions of China in the last
few decades. For example, 31 pneumococcal isolates of IPD
patients aged <5 years from eight cities were reported in
2008.° In another study, 61 invasive pneumococcal strains
were isolated from pediatric patients in a single hospital.!* A
study of eleven centers identified 171 pneumococcal isolates
from pediatric IPD cases, which yielded 5.2 pneumococcal
isolates per hospital per year on average.!! In addition, a total
of 80 IPD children were identified from January 2010 to
December 2015 in Suzhou.'? In the current study, we aimed
to analyze clinical features of pediatric IPD cases identified
in Shanghai and Lanzhou, China and antimicrobial resistance
of pneumococcal strains isolated from those IPD children.

Methods

Study cohort

A total of 123 hospitalized children <14 years of age
diagnosed with confirmed IPD between January 2008 and
December 2017 in the pediatric departments of Xinhua
Hospital, Shanghai Jiao Tong University School of Medi-
cine, and Lanzhou University Second Hospital, China, were
prospectively enrolled in the study. Shanghai is located in
the east of China, and Lanzhou in the west. The diagnosis of
IPD was based on cultures positive for S. pneumoniae that
were isolated from a normally sterile body site, including
blood, CSE, synovial fluid, pericardial fluid, pleural fluid,
and peritoneal fluid. Non-IPD children with S. pneumoniae
from sputum were excluded from the study. Pneumococcal
sepsis was defined by a positive blood culture for S. preu-
moniae with at least two of four criteria: fever >38.0 °C or
hypothermia <36.0 °C, tachycardia >90 beats/min, tachypnea
>20 breaths/min, leukocytosis >12x10°L, and leucopenia.'?
Necrotizing pneumonia was diagnosed by the formation
of abscesses and cavitation within the lung parenchyma.'*
Written informed consent was obtained from parents or legal

guardians of children eligible for study enrollment. This
study was approved by the regional ethical review boards in
Xinhua Hospital and Lanzhou University Second Hospital,
and was carried out in accordance with the principles of the
Declaration of Helsinki. Data were systematically extracted
from the hospital records of enrolled children: symptoms and
findings at time of hospitalization, laboratory-test results,
length of hospital stay, treatments, and residual clinical find-
ings at discharge.

Serology testing

An indirect immunofluorescence-assay kit (Pneumoslide;
Vircell, Granada, Spain) was used for the simultaneous diag-
nosis in human serum of IgM antibodies of the main infec-
tious agents of the respiratory tract, including Mycoplasma
pneumoniae, Coxiella burnetii, Chlamydophila pneumoniae,
adenovirus, respiratory syncytial virus, influenza A, influenza
B, and parainfluenza serotypes 1-3. Epstein—Barr virus
(EBV)-antibody tests of EBV viral capsid antigens IgM and
IgG, EBV nuclear antigen IgG antibodies, and Cytomega-
lovirus 1gM and IgG were performed with a Liaison assay
(DiaSorin, Saluggia, Italy).

S. pneumoniae isolation

Blood, CSE, synovial fluid, pericardial fluid, pleural fluid, and
peritoneal fluid samples taken from IPD children were inocu-
lated on blood-agar plates and incubated at 35°C, 5% CO,
incubators for 24 hours. S. pneumoniae isolates were identi-
fied by colony morphology on blood agar and optochin test,
and confirmed by matrix-assisted laser desorption/ionization
time-of-flight (MALDI-TOF) mass spectrometry (Microflex
LT; Bruker, Billerica, MA, USA). For MALDI-TOF analysis,
bacterial proteins from blood cultures were extracted using
a MALDI Sepsityper kit (Bruker). Each purified blood-
culture extract (1 uL) was transferred to an individual spot
on the Bruker 96-spot target plate and covered with a 1 uL
a-cyano-4-hydroxycinnamic acid matrix (Bruker). The target
plate was then read and analyzed by the Bruker Microflex LT
system. A protein profile of each specimen with m/z values
0f 3,000-15,000 was generated based on a minimum of 240
laser-shot measurements. Profiles were further analyzed
using Biotyper 3.0 software (Bruker) in blood-culture mode
according to the manufacturer’s recommendation.

Antimicrobial resistance testing

Antimicrobial resistance testing of the confirmed S. pneu-
moniae isolates was determined by Etest and Kirby—Bauer
disk on Mueller—Hinton agar plates following Clinical and
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Laboratory Standard Institute guidelines. Antibiotics tested
by Etest assay were penicillin and ceftriaxone. Colonies
were transferred into test tubes of 5 mL normal sterile
saline adjusted to obtain turbidity matching 0.5 McFarland
standard. Isolates were inoculated onto Mueller—Hinton
agar with sheep-blood plates, and disks impregnated with
antimicrobial agents were dispensed on inoculated plates,
incubated at 35°C and 5% CO, for 20-24 hours, and zones
of inhibition measured after incubation. For determination
of drug resistance, antibiotic-susceptibility breakpoints for
S. pneumoniae were according to the 2008 amendments to
the Clinical and Laboratory Standard Institute guidelines.
Commercial antibiotic disks of amoxicillin (25 pg), cefurox-
ime (30 pg), cefotaxime (30 pg), chloramphenicol (30 pg),
erythromycin (15 pg), levofloxacin (5 pg), linezolid (30 pg),
meropenem (10 pg), tetracycline (30 pg), vancomycin (30
ng), and trimethoprim—sulfamethoxazole (25 ug) were pur-
chased from Thermo Fisher Scientific, and penicillin (25 pg)
disks were purchased from BioM¢érieux. The quality-control
strain was S. pneumoniae ATCC49619.

Statistical analysis

Statistical analysis was performed with SPSS 24 for Win-
dows. Rank-sum tests were used to evaluate the significance
of different groups. All data are presented as medians with
IQR. Statistical significance was defined as P<0.05.

Results
Clinical and demographic characteristics

of pediatric IPD patients

Among a total of 123 hospitalized children diagnosed with
IPD from January 2008 to December 2017, 68 were enrolled
from the pediatric departments of Xinhua Hospital, and 55
from Lanzhou University Second Hospital. As shown in
Figure 1, a total of 151 S. pneumoniae isolates were isolated
from specimens of 123 patients, including 82 isolates from
blood, 29 isolates from CSF, and 40 isolates from pleural
fluid. There were 28 repeated isolates from different types of
specimens from the same patients (13 repeated isolates from
blood and CSF specimens, 15 repeated isolates from blood
and pleural fluid). No statistical difference was observed
by comparison of characteristics of subjects from the two
sites, including age, sex, and clinical manifestations (data
not shown). As shown in Table 1, of those pediatric IPD
patients, 81 (65.86%) were male and 98 (79.67%) <5 years
old. A seasonal trend was observed, with 78.05% of all cases
diagnosed during the cold season between September and
February. In contrast, the lowest frequency was found dur-
ing June—August (4.88%). Sepsis was observed in a total of
82 (66.67%) patients, with 48 (39.02%) children diagnosed
with meningitis, 41 (33.33%) with pneumonia, 30 (24.39%)
with pleurisy, and four (3.25%) with osteomyelitis. A total
of 35 (28.45%) patients had underlying diseases, including

Specimens collected and sent for bacterial culture

8,177 blood samples from respiratory infection patients with high fever
6,787 cerebrospinal fluid (CSF) from suspected meningitis patients
5,783 pleural effusion from suspected pleural effusion patients

J

29 isolates from CSF

Identified pneumococcal isolates=151
82 isolates from blood samples

40 isolates from pleural effusion

Excluded the repeated isolated from different
specimens of the same patients (n=28): 13
from both blood and CSF; 15 from both blood

and pleural effusion

isolates=123

Nonduplicative identified pneumococcal

Figure | Diagram of pneumococcal isolates identification process.
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Table | Clinical and demographic characteristics of children with invasive pneumococcal disease in Shanghai (n=68) and Lanzhou

(n=55), 2008-2017

Shanghai (68) Lanzhou (55) Total (123) % 1 P-value

Sex 0.007 0.933
Male 45 (66.18) 36 (65.45) 8l 65.85

Female 23 (33.82) 19 (34.54) 42 34.15

Age (months) 0.080 0.994
<12 17 (25.00) 15 (27.27) 32 26.01

12-24 16 (23.53) 14 (25.45) 30 24.39

24-60 20 (29.41) 16 (29.09) 36 29.27

>60 14 (20.59) 11 (20.00) 25 20.33

Disease-onset season 0.424 0.935
December—February 34 (50.00) 28 (50.90) 62 50.41

March—May 12 (17.65) 9 (16.36) 21 17.07

June—August 4 (5.88) 2 (3.63) 6 4.88

September—November 18 (26.47) 16 (29.09) 34 27.64

Disease manifestation 1.357 0.998
Sepsis 51 (75.00) 31 (56.36) 82 66.67

Meningitis 29 (42.65) 19 (34.55) 48 39.02

Pneumonia 18 (26.47) 12 (21.82) 30 24.39

Necrotizing pneumonia 7 (10.29) 4(7.27) I 8.94

Pleurisy 17 (25.00) 13 (23.64) 30 24.39

Osteomyelitis 2 (2.94) 2 (3.64) 4 3.25

Underlying disease 0.215 1.000
Congenital heart disease 6 (8.82) 3 (5.45) 9 7.32

Malnutrition 7 (10.29) 4(7.27) I 8.94

Anemia 9 (13.23) 6 (10.90) 15 12.20

Concurrent infection 0.398 0.855
Epstein—Barr virus 6 (8.82) 3 (5.45) 9 7.32

Respiratory syncytial virus 6 (8.82) 5(9.09) I 8.94

Mycoplasma pneumoniae 20 (29.41) 15 (27.27) 25 20.33

Outcome 0 1.000
Cure 66 (97.05) 54 (98.18) 120 97.56

Death 2 (2.94) 1 (1.81) 3 2.44

nine with congenital heart diseases, eleven with malnutri-
tion, and 15 with anemia. Concurrent infection was noted
in 45 patients: nine (7.32%) children were coinfected with
EBY, eleven (8.94%) with respiratory syncytial virus, and 25
(20.33%) with Mycoplasma pneumoniae. None of the IPD
children was taking pneumococcal conjugate vaccine (PCV).
Data on health status at hospital discharge showed that 120
(97.56%) children were clinically healthy when they left the
hospital, while three (2.44%) had died.

Comparison of disease severity in IPD

children with or without sepsis

Among 82 IPD children who developed sepsis, 58 (72.5%)
were male, and all patients aged <12 months (30) developed
sepsis (Table 2). Comparison of laboratory tests showed that
the number of subjects with elevated white-blood-cell counts
and CRP levels were significantly higher in patients with
sepsis than those without sepsis. In pediatric IPD subjects

who developed sepsis, the proportions of intensive care-unit
admission, intravenous y-globulin (IVIG), glucocorticoid use,
hemofiltration, and ventilator were 56.09%, 92.68%, 97.56%,
47.56%, and 14.63%, respectively, significantly higher than
nonsepsis patients. Hospital data showed that duration of
fever, hospital stay, and antibiotic use in the sepsis group
were 12 (IQR 9-15), 16 (IQR 13-20), and 17 (IQR 15-22)
days, respectively, significantly longer than the nonsepsis
group: 7 (IQR 6-9), 11 (IQR 8.5-13), and 11 (IQR 9-14)
days. The overall mortality rate was 3.66% (three of 82)
in the sepsis group, and no deaths happened in nonsepsis
patients (Table 2).

Comparison of disease severity in IPD
children with necrotizing pneumonia and

pneumonia
A total of 41 IPD children were diagnosed with pneumonia,
with necrotizing pneumonia observed in eleven (Table 3).
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Table 2 Clinical characteristics of invasive pneumococcal disease in children with (n=82) or without (n=41) sepsis

Sepsis (82) No sepsis (41) I P-value
Sex
Boy 58 (72.50) 30 (73.17) 0.006 0.938
Girl 24 (27.50) 11 (26.83)
Age (months)
<12 30 (37.50) 0 21.408 0
12-24 32 (40.00) 30 (73.17)
>24 18 (22.50) 11 (26.83)
Laboratory tests
WBCs 215x10%/L, n (%) 59 (72.84) 18 (43.90) 9.791 0.002
CRP 2100 mg/L, n (%) 36 (45.00) 4 (9.76) 15215 0
Pct 20.5 pg/L, n (%) 58 (72.50) 28 (68.29) 0.233 0.629
Hb <90 g/L, n (%) 15 (18.75) 8 (19.51) 0.010 0919
Alb <30 g/L, n (%) 6 (7.50) 4 (9.76) 0.006 0.938
ALT 240 IU/L, n (%) 14 (17.50) 8 (19.51) 0.074 0.786
CK-MB 225 IU/L, n (%) 8 (10.00) 3(7.32) 0.023 0.879
ICU admission, n (%) 46 (56.09) 5(12.20) 21.706 0
Hemofiltration, n (%) 39 (47.56) 0 28.554 0
IVIG, n (%) 76 (92.68) 9 (21.95) 64.051 0
Glucocorticoid, n (%) 80 (97.56) 10 (24.39) 74.545 0
Ventilator, n (%) 12 (14.63) 1 (243) 3.107 0.078
Fever (days), median (IQR) 12 (9.00-15.00) 7 (6.00-9.00) -7.074 0
Antibiotic (days), median (IQR) 16 (13.00-20.00) 11 (8.50-13.00) —6.912 0
Hospitalization (days), median (IQR) 17 (15.00-22.00) 11 (9.00-14.00) —7.427 0
Death, n (%) 3 (3.66) 0 0.384 0.535

Abbreviations: Alb, albumin; ALT, alanine aminotransferase; CRP, C-reactive protein; CK-MB, creatine kinase, muscle/brain; Hb, hemoglobin; ICU, intensive care unit; IVIG,

intravenous Y-globulin; Pct, procalcitonin; WBCs, white blood cells.

All patients with necrotizing pneumonia showed elevated
white-blood-cell counts. Hydrothorax was observed in most
IPD patients with necrotizing pneumonia (eight of eleven,
72.72%). Proportions of pediatric IPD subjects that received
bronchoscopy, pleural perfusion, ventilator, and hemofiltra-
tion were 81.81%, 45.45%, 54.54%, and 100% in necrotizing
pneumonia patients, significantly higher than patients with
pneumonia. All pediatric IPD subjects with necrotizing
pneumonia were treated with IVIG and glucocorticoid. Hos-
pital data showed that duration of fever, hospital stay, and
antibiotic use was 15 (IQR 13-18), 25 (IQR 23-26), and 23
(IQR 21-25) days, respectively, significantly longer than the
pneumonia group (Table 3).

Antimicrobial resistance

As shown in Table 4, total insusceptibility rates of penicil-
lin, amoxicillin, chloramphenicol, ceftriaxone, cefotaxime,
and meropenem were 27.64% (34 of 123), 21.13% (26 of
123), 18.69% (23 of 123), 29.36% (36 of 123), 31.71% (39
of 123), and 48.78% (60 of 123), respectively. High insus-
ceptibility rates of S. pneumoniae isolates were observed in
erythromycin (96.75%, 119 of 123), tetracycline (77.23%,

95 of 123), and trimethoprim—sulfamethoxazole (79.67%,
98 of 123) tests. No statistical differences were found in the
antimicrobial susceptibility of most tested antibiotics between
Shanghai and Lanzhou, except for cefotaxime, which was
higher in Shanghai than Lanzhou (P<0.042). All isolates
were sensitive to vancomycin, linezolid, and levofloxacin.

Discussion

S. pneumoniae is a leading bacterial pathogen that causes
both noninvasive and invasive diseases worldwide."-'>16 It was
estimated that S. pneumoniae caused 14.5 million episodes
of serious disease and was responsible for 11% of all deaths
in children aged <5 years in 2000." In the current study, we
identified a total of 123 pediatric IPD patients from January
2008 to December 2017 in Shanghai and Lanzhou, China.
Most patients (98, 79.67%) were <5 years old and diagnosed
during the cold season, which was similar to several recent
reports from China.'>!” For example, a recent study showed
that most pediatric IPD patients (77 of 80) were aged <5
years.'? Normally, IPD causes more severe clinical symptoms
than noninvasive community-acquired pneumonia and can
be fatal. Among these confirmed pediatric IPD cases, the
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Table 3 Clinical characteristics of children with invasive pneumococcal disease with necrotizing pneumonia (n=11) or pneumonia

(n=30)
Necrotizing pneumonia (1 1) Pneumonia (30) Vi P-value

Gender
Boy 8 (72.73) 21 (72.41) 0 1.000
Girl 3(27.27) 8 (27.59)
Age (months)
<12 5 (45.45) 12 (41.38) 0.910 0.702
1224 4 (36.36) 14 (48.28)
>24 2(18.18) 3(10.34)
Laboratory tests
WBCs 215x10%/L, n (%) I'1 (100.00) 16 (55.17) 5.405 0.020
CRP =100 mg/L, n (%) 6 (54.55) 14 (48.28) 0.125 0.723
Pct 20.5 pg/L, n (%) 7 (63.64) 20 (68.97) 0 1.000
Hb <90 g/L, n (%) 3 (27.27) 6 (20.69) 0 0.983
Alb <30 g/L, n (%) 4 (36.36) 3(10.34) 2.154 0.142
CK-MB 225 IU/L, n (%) 2 (18.18) 2 (6.90) 0.223 0.637
ALT 240 IU/L, n (%) 1 (9.09) 5(17.24) 0.022 0.882
Hydrothorax, n (%) 8 (72.72) 2 (0.06) 15.633 0
Bronchoscopy, n (%) 9 (81.81) 0 26.855 0
Pleural perfusion, n (%) 5 (45.45) 0 11.575 0.001
Ventilator, n (%) 6 (54.54) 2 (0.06) 8.898 0.003
Hemofiltration, n (%) Il (100) 0 36.064 0
IVIG, n (%) I'1 (100) 10 (33.33) 14.317 0
Glucocorticoid, n (%) I'1 (100) 13 (43.33) 8.442 0.004
Fever (days), median (IQR) 15 (13-18) 8 (7-9) —4917 0
Antibiotic (days), median (IQR) 23 (21-25) 13 (11-15) —4.840 0
Hospitalization (days), median (IQR) 25 (23-26) 14 (13-16) —4.883 0

Abbreviations: Alb, albumin; ALT, alanine aminotransferase; CRP, C-reactive protein; CK-MB, creatine kinase, muscle/brain; Hb, hemoglobin; IVIG, intravenous y-globulin;
Pct, procalcitonin; WBCs, white blood cells.

Table 4 Antimicrobial susceptibility of pneumococcal isolates from children with invasive pneumococcal disease in Shanghai (n=68)

and Lanzhou (n=55)

Antibiotic Shanghai (68) Lanzhou (55) Vi P-value
I, n (%) R, n (%) I + R, n (%) I, n (%) R, n (%) I + R, n (%)
Penicillin 5 (7.35) 14 (20.58) 19 (27.94) 3(5.54) 12 (36.36) 15 (27.24) 0.001 0.981
Amoxicillin 10 (14.70) 4 (5.88) 14 (20.58) 9 (16.36) 3 (5.45) 12 (21.82) <0.001 1.000
Erythromycin 0 65 (95.58) 65 (95.58) 0 54 (98.18) 54 (98.18) - -
Tetracycline 5(7.35) 40 (58.82) 45 (66.18) 2 (3.63) 48 (87.72) 50 (90.91) 0.867 0.352
Chloramphenicol 5 (7.35) 9 (13.23) 14 (20.58) 3 (5.45) 6 (9.16) 9 (16.36) <0.001 1.000
Ceftriaxone 8 (11.76) 8 (11.76) 16 (23.52) 11 (20.00) 9 (16.36) 20 (36.36) 0.089 0.765
Cefotaxime 10 (14.70) 8 (11.76) 18 (26.47) 5(9.09) 16 (19.09) 21 (38.18) 4.127 0.042
Trimethoprim— 14 (20.58) 38 (55.88) 52 (76.47) 12 (21.81) 34 (61.81) 46 (83.63) 0.009 0.925
sulfamethoxazole
Meropenem 20 (29.41) 8 (11.76) 28 (41.18) 25 (45.45) 7 (12.72) 32 (58.18) 0.357 0.550
Vancomycin 0 0 0 0 0 0 - -
Linezolid 0 0 0 0 0 0 - -
Levofloxacin 0 0 0 0 0 0 - -

Abbreviations: |, intermediate; R, resistant.

overall mortality rate was 2.44% (three of 123), which was
lower than other reports with mortality of 5.3%-27.5%.3°
IPD was defined as culture-positive S. pneumoniae from

normally sterile body sites.

Our data showed that 82 blood specimens, 31 CSF speci-
mens, and 40 pleural fluid specimens from 123 IPD subjects
were S. pneumoniae-positive. Some patients were found
to be S. pneumoniae-positive from more than one sterile
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body site, ie, 13 subjects were S. pneumoniae-positive in
both blood and CSF, and 17 were S. pneumoniae-positive in
both blood and pleural fluid. Based on the clinical features
and results of S. pneumoniae culture results, the numbers
of children diagnosed with meningitis, pneumonia, pleu-
risy, and osteomyelitis were 48 (39.02%), 41 (33.33%), 30
(24.39%), and 4 (3.25%), respectively. It has been implicated
that the presence of an underlying chronic disease is a risk
factor for IPD.*'%!° Two recent studies showed that around
15%—16% of IPD children had an underlying disease.'>? In
our identified IPD cases, underlying diseases were observed
in 35 (28.45%) patients. Furthermore, concurrent infection
with other pathogens was also reported in IPD children. It
has been reported that most IPD children (44 of 71, 62%)
<5 years of age were coinfected with respiratory virus, with
rhinovirus and influenza virus being the most frequently
detected.?! Concurrent infection was also noted in our study:
45 patients (36.58%) were coinfected with other pathogens,
including EBV and respiratory syncytial virus.

S. pneumoniae-caused bacterial sepsis is a main life-
threatening pneumococcal disease in children. A study has
shown that 13.3% of subjects suffered sepsis among 15 IPD
cases with S. pneumoniae positive in blood.?? Chiu et al
showed that 28 pediatric patients (56%) had sepsis among
50 identified IPD patients.?’ In a study from Peru, 7.9% of
pediatric patients were diagnosed with sepsis in a total of
101 IPD episodes studied, with an overall case-fatality rate
0f 22.0%.?* From January to December 2006, 768 children
with sepsis were observed in three hospitals with 2,219 hos-
pitalizations of IPD children <5 years of age in Bangalore,
India, and 87 deaths were attributable to sepsis in a total of
178 deaths.?* It was reported that two of five fatal cases among
41 confirmed pediatric IPD were due to sepsis.? In the cur-
rent study, a total of 82 (66.67%) pediatric IPD patients with
sepsis were identified, which was comparable with the study
by Chiu et al.?* Comparison of disease severity and outcome
of IPD children with or without sepsis showed that patients
with sepsis had more severe symptoms, higher proportion
of referrals to intensive care units, longer duration of hospi-
tal stay, fever, and antibiotic use, and all three deaths were
in IPD patients with sepsis. All patients aged <12 months
developed sepsis, suggesting that young age is a high risk
factor for sepsis in IPD.

Pneumonia is a major common clinical complication of
S. pneumoniae infection. Studies show that the majority of
pediatric IPD subjects suffer from pneumonia.'®* Necrotiz-
ing pneumonia is defined as the development of necrosis,
liquefaction, and cavitation of the lung parenchyma from an
infectious pathogen, including S. pneumoniae.* Necrotizing

pneumonia remains an uncommon complication of pneumo-
nia in children, but its incidence is increasing. Pneumococcal
infection is the predominant cause of necrotizing pneumo-
nia in children." In all 41 IPD children with pneumonia,
11 were diagnosed with necrotizing pneumonia, and the
proportions of pediatric IPD subjects receiving bronchos-
copy, pleural perfusion, ventilator, and hemofiltration were
significantly higher in patients with necrotizing pneumonia
than pneumonia. The numbers of patients treated with IVIG
and glucocorticoid were significantly higher in necrotizing
pneumonia subjects, and duration of fever, hospital stay,
and antibiotic use were longer than pneumonia, suggested
that more intensive care was required in IPD children with
necrotizing pneumonia.

Pneumococcal resistance to antimicrobials is a seri-
ous and growing problem globally, particularly in Asian
regions. It has been shown that Asian regions have the
highest levels of S. prneumoniae-antibiotic resistance.?”’
High erythromycin-resistance rates S. pneumoniae isolates
have been reported in several studies in China, eg, rates
0f 96.4% in Beijing,'” 85.7% in Shanghai,?® and 92.1% in
Chongqing.”” A multicenter survey of eleven centers also
showed a high rate of erythromycin resistance — 95.9%.!!
In the present study, the erythromycin-resistance rate of S.
pneumoniae was high, at 96.75% (119 of 123), suggesting
an increasing trend of pneumococcal erythromycin resis-
tance in China. Similar to other studies in China,!’* the
resistance rate to trimethoprim—sulfamethoxazole (79.67%)
of S. pneumoniae was also high in the current study, fol-
lowed by tetracycline (77.23%) resistance. Insusceptibility
rates of penicillin, amoxicillin, chloramphenicol, ceftriax-
one, cefotaxime, and meropenem were 27.64%, 21.13%,
18.69%, 29.36%, 31.71%, and 48.78%, respectively. We
found that all isolates were sensitive to vancomycin, line-
zolid, and levofloxacin.

Because of costs and lack of disease-burden data, the
Chinese government has not adopted PCV in its national
immunization program. PCV7 was approved by the Chinese
Food and Drug Administration in 2008; however, uptake
was low and concentrated in cities.’**! The administration
approved PCV13 for use in infants and children in a 3+1
schedule at 2, 4, and 6 months of age, with a fourth (booster)
dose administered at approximately 12—15 months of age in
2016.3*2 However, PCV is currently available only for infants
whose parents are able to pay for the vaccine. Studies have
shown that PCV coverage was around 10% for children aged
2-7 years living in Shanghai, and locals had higher cover-
age than the floating population.’®* In this study, non IPD
children were taking PCV.
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Several limitations exist in the present study. Firstly, the
serotypes of S. pneumoniae isolates were not determined. Sero-
typing of pneumococcal isolates should be included in future
investigations. Secondly, the sample size of our study was
limited. More pneumococcal strains and study of isolates from
other clinical specimens should be collected in future work.

Conclusion

S. pneumoniae is a pathogen that causes invasive diseases,
particularly in young children. We found that the majority of
the 123 identified IPD children were <5 years old. Clinical
symptoms were severe in IPD children, and more intensive
treatments were required for IPD children with sepsis and
necrotizing pneumonia. Antimicrobial resistance tests of
S. pneumoniae isolates found high insusceptible rates of
erythromycin, trimethoprim—sulfamethoxazole, and tetracy-
cline. All isolates were sensitive to vancomycin, linezolid, and
levofloxacin. Pneumococcal vaccination is recommended,
and intensive care should be considered for IPD children.
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