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Background: Streptococcus pneumoniae infections are the major cause of global morbidity

and mortality among children and patients aged more than 65 years. This study aimed to

investigate the antimicrobial resistance, bacterial serotype distribution, and genetic charac-

teristics of invasive S. pneumoniae from different cities in North China.

Materials and Methods: A total of 164 invasive S. pneumoniae strains were collected

from 8 hospitals in 5 regions of North China between April 2016 and October 2017.

Minimum inhibitory concentrations (MICs) were determined using the agar dilution method.

Capsular serotypes were identified using the Quellung reaction test. Molecular epidemiology

was investigated using multilocus sequence typing.

Results: S. pneumoniae isolates were highly resistant to macrolides, clindamycin, and

tetracycline in all age groups. The overall rate of resistance to penicillin was 56.7%.

However, fluoroquinolones and vancomycin maintained excellent antimicrobial activities.

The rate of resistance to β-lactam in strains isolated from children aged less than 18 years

was significantly higher than that in strains from other age groups. The most prevalent

serotypes were 14 (22.6%), 19F (16.5%), non-vaccine types (14.0%), 19A (9.8%), and 23F

(9.1%). The coverage for PCV10 and PCV13 was 59.8% and 75.6%, respectively. The

vaccine coverage rate was the highest among children aged less than 5 years. The proportion

of penicillin-resistant isolates was higher among vaccine-covered strains compared with non-

covered strains. S. pneumoniae showed considerable clonal dissemination, and ST876 (28,

17.1%), ST271 (22, 13.4%), ST81 (17, 10.4%) and ST320 (14, 8.5%) were the major STs.

Conclusion: All the 164 invasive S. pneumoniae isolates demonstrated high resistance to

antibiotics. The coverage of S. pneumoniae vaccine was higher in children than in adults.

Keywords: antimicrobial resistance, multilocus sequence typing, serotyping, Streptococcus

pneumoniae

Introduction
Streptococcus pneumoniae (S. pneumoniae) is one of the major human pathogens.

In most cases, the bacterium resides asymptomatically in healthy carriers, coloniz-

ing the respiratory tract, sinuses, and nasal cavity typically. However, it may

become pathogenic and spread to other locations in susceptible individuals, causing

community-acquired respiratory infections and severe invasive pneumococcal dis-

eases (IPDs), such as bacteremia and meningitis.

Correspondence: Hui Wang
Department of Clinical Laboratory, Peking
University People’s Hospital, Beijing,
People’s Republic of China
Email whuibj@163.com

Infection and Drug Resistance Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Infection and Drug Resistance 2020:13 2117–2128 2117

http://doi.org/10.2147/IDR.S256663

DovePress © 2020 Zhao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

In
fe

ct
io

n 
an

d 
D

ru
g 

R
es

is
ta

nc
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


Invasive infection by S. pneumoniae is an important

cause of morbidity and mortality, particularly in indivi-

duals aged more than 65 years of age and those with

chronic health conditions. It is estimated that pneumococ-

cal death estimates that could be as high as 515,000 deaths

in 2015. Approximately 50% of all pneumococcal deaths

in 2015 occurred in developing countries.1 Between 1980

and 2008, every year 12,815/100,000 cases of all-cause

pneumonia were reported among children aged between

1 month and 59 months, with 526/100,000 deaths annually

in China.2 This situation has become worse because the

antimicrobial-resistant S. pneumoniae has spread rapidly,

and the emergence of multidrug-resistant S. pneumoniae

has been observed in various countries over the past

decades.3–5

China is the most populous country in the world. In

recent years, a huge change in the age distribution of the

population has been observed. On the one hand, the aver-

age life expectancy of people in China has been extended

a lot due to the economic development and improved

medical conditions in the last decades, giving rise to the

aging Chinese population. On the other hand, China have

launched the universal two-child policy since 2015, which

allowed all married couples to have two children, contri-

buting to a significant increase in the number of children in

China.6 The children and the aging people are the most

susceptible individuals to S. pneumonia infection.

Therefore, the prevention and control of pneumococcal

infections have become an important public health chal-

lenge in China. However, the data of IPDs are difficult to

obtain in China because of the low culture rate due to the

inappropriate use of antibiotics and difficulties in in vitro

culturing S. pneumoniae, especially in primary hospitals.

S. pneumoniae can be divided into 46 serogroups with

97 serotypes according to the antigenicity of the capsular

polysaccharide.7 An obvious correlation has been found

between the antimicrobial resistance and the specific

serotypes.8 Many serotypes associated with multidrug

resistance can spread widely across the world. The sero-

types of carriage isolates may vary depending on the

geographic regions, vaccine policies, and socioeconomic

status.9,10

Besides antibiotic treatment, the pneumococcal conju-

gate vaccine (PCV) composed of capsular polysaccharide

antigens has been demonstrated to be highly effective in

preventing pneumococcal disease and controlling IPDs

worldwide, particularly in the developed countries.11–14

Moreover, herd immunity, which is believed to be mediated

by a reduction in the transmission of pneumococci to sus-

ceptible individuals, has been discovered as another benefit

of universal PCV7 immunization programs.14 Three PCVs,

including PCV 7, PCV 10, and PCV 13, are currently

available on the market, which are immunogenic and pro-

tective among children less than 2 years old.15 In 2017,

PCV13 had been introduced in China planning to take

place of PCV7; however, due to the lack of epidemic data,

its protective effect remains unknown in China.

Hence, the surveillance of serotype distribution of iso-

lates obtained from patients diagnosed with IPDs in China

is necessary for better managing IPDs and obtaining the

information regarding the coverage of novel vaccines.

Further, multilocus sequence typing (MLST) is an effec-

tive method to discover the relationship and the mode of

transmission among the antimicrobial-resistant isolates.

This study aimed to present the serotype distribution,

genotype, antibiotic susceptibility, and epidemiology of

S. pneumoniae associated with IPDs among people in

China in 2016–2017 to provide guidance for the preven-

tion and treatment of clinical diseases.

Materials and Methods
Bacterial Isolates
This study involved eight hospitals scattered in five regions

(Beijing, Hebei, Shanxi, Liaoning, and Shandong) in China.

Based on the number of hospital bed counts and the number

of annual outpatient visits, Beijing Chaoyang Hospital

(1900 beds, 3.8 million outpatients per year), Peking

University People’s Hospital (1700 beds, 2.8 million out-

patients per year), Hebei Children’s Hospital (1600 beds,

1.4 million outpatients per year), Shanxi Children’s

Hospital (1600 beds, 1.3 million outpatients per year),

China Medical University Shengjing Hospital (6750 beds,

4.7 million outpatients per year), Shandong University Qilu

Children’s Hospital (1400 beds, 1.1 million outpatients

per year) are considered as big hospitals; People’s

Hospital of Linyi City (3562 beds, 2.4 million outpatients

per year, the number is the sum of five campuses of this

hospital in five different locations, in this study the strains

were isolated from only one of the campuses), Tangshan

City Maternal and Child Health Hospital (1200 beds,

1.0 million outpatients per year) are considered as small

hospitals.

During the study period of April 2016 to October 2017,

S. pneumoniae strains were isolated from adults and chil-

dren patients with IPDs. All patients with IPD infection or
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suspected IPD infection were taken specimens from the

site of infection for microbial culture. Blood was collected

for blood culture in all patients with fever, and cerebrosp-

inal fluid specimens were cultured in those with signs of

intracranial infection. A total of 164 S. pneumoniae strains

were isolated from patients diagnosed with IPD by labora-

tory testing and professional clinicians based on typical

clinical manifestations and imaging examination during

the study period. All the strains included in this study

were cultured from sterile sites, including blood, cere-

brospinal fluid (CSF) and occasionally pleural fluid.

Duplicate isolates, colonization by bacteria without any

clinical evidence of infection and non-IPD infections

were excluded from this study. S. pneumoniae was identi-

fied based on optochin sensitivity, bile solubility, and α-

hemolysis. All isolates were saved at –70°C before use.

All the patients participating in this study signed

informed consent, while the guardians of children aged

less than 18 years signed on behalf of them. The study

protocol was approved by the Ethics Committee of the

Peking University People’s Hospital (No. 2016PHB135),

and all procedures were conducted according to the

Declaration of Helsinki revised in 2008.

In vitro Antimicrobial Susceptibility

Testing
The agar dilution method was used to determine the mini-

mum inhibitory concentrations (MICs) of the 164

S. pneumoniae isolates against 15 antibiotics (penicillin,

amoxicillin/clavulanic acid, cefaclor, cefuroxime, ceftriax-

one, vancomycin, erythromycin, azithromycin, clarithromy-

cin, tetracycline, levofloxacin, moxifloxacin, trimethoprim/

sulfamethoxazole, chloramphenicol and clindamycin) in

accordance with the guidelines established by the Clinical

and Laboratory Standards Institute (CLSI).16 The CLSI 2017

criteria for MICs were applied to classify isolates as suscep-

tible, intermediate, or resistant. The oral penicillin breakpoint

was used to classify isolates as penicillin-susceptible (MIC

≤ 0.06 μg/mL), penicillin-intermediate (MIC between 0.12

and 1 μg/mL), or penicillin-resistant (MIC ≥ 2 μg/mL).

Penicillin non-meningitis breakpoints (susceptible: MIC ≤ 2

μg/mL; resistant: MIC ≥ 8 μg/mL) and penicillin meningitis

breakpoints (susceptible: MIC ≤ 0.06 μg/mL; resistant: MIC

≥ 0.12 μg/mL) were also applied to evaluation the suscept-

ibilities. For ceftriaxone, the non-meningitis breakpoints

(susceptible: MIC ≤ 1 μg/mL; resistant: MIC ≥ 4 μg/mL)

and meningitis breakpoints (susceptible: MIC ≤ 0.5 μg/mL;

resistant: MIC ≥ 2 μg/mL) were used to classify isolates as

susceptible or resistant.17 S. pneumoniae ATCC 49,619 was

used as the quality control strain and was included in each

batch of tests to ensure accurate results. MICs were calcu-

lated as the MIC50 and MIC90 (MICs that inhibit 50% and

90% of the isolates, respectively).

Pneumococcal Serotyping
Pneumococcal serotypes/groups were determined for the

164 isolates using Pneumotest-Latex kit (Statens Serum

Institut, Copenhagen, Denmark) and type-specific antisera

(Statens Serum Institut, Copenhagen, Denmark). The

Pneumotest-Latex kit consisted of the 14 latex reagent

pools A–I and P–Q. By testing all 14 pools and using the

chessboard identification system, the 23 vaccine serotypes

were identified to type/group level.18 Traditional Quellung

reaction with type-specific antisera was used for full ser-

otyping of serogroups 6, 7, 9, 18, 19 and 23. Isolates that

reacted with the Pneumotest-Latex kit but did not belong

to serotypes or groups included in the PPV23 were classi-

fied as non-vaccine types (NVTs). Strains that belonged to

serogroups 23, but was not serotype 23F were considered

as not 23F (N23F). The coverage of PCV10 and PCV13

vaccine was calculated by the sum of the percentage of the

serotypes the vaccine covered. For PCV10 it was the sum

of percentage of serotypes 1, 4, 5, 6B, 7F, 9V, 14, 18C,

19F and 23F; for PCV13 it was the sum of percentage of

serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F

and 23F.

Multilocus Sequence Typing Procedure
Multilocus sequence typing (MLST) analysis was per-

formed according to the S. pneumoniae MLST

protocol.19 The internal fragments of approximately 550

− 600 bps from the aroE, gdh, gki, recP, spi, xpt, and ddl

genes were amplified by polymerase chain reaction using

the primers described in a previous study.20 Alleles and

sequence types (STs) were assigned using the software

available at the S. pneumoniae MLST Database web

page (http://pubmlst.org/spneumoniae). The analysis of

STs and the assignment to clonal complexes (CCs) were

performed using all STs found in the online database using

the eBURST program and referred to the clonal complexes

settings from data about China in another study.21 STs

were grouped into clonal complexes by their similarity to

a central allelic profile. The visualization of phylogenetic

results based on MLST allele profile was performed using
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the PHYLOViZ online application (http://www.phyloviz.

net/).

Statistical Analysis
Data from the antibiotic susceptibility tests were analyzed

using WHONET 5.6 software, a Windows-based database

software developed by the World Health Organization for

managing and analyzing microbiological laboratory data

with a special focus on the analysis of antimicrobial sus-

ceptibility test results. The χ2 and Fisher’s exact probabil-

ity tests were performed using R version 3.5.1 to compare

proportions. Data visualization was done with ggplot2

package version 3.1.1.22 A p value less than 0.05 was

considered statistically significant.

Results
Profile of Pneumococcal Isolates
During the study period, a total of 164 non-duplicated

isolates were collected from 8 hospitals, 4 of them were

children and maternal hospitals and the other 4 hospitals

were general hospitals. The minimum age of the patients

from which the pneumococcal isolates were isolated was

1 month old, the maximum age was 79 years old while the

median age was 2 years old. The patients less than 6 years

old accounted for 78.7% of all the cases involved. More

strains were isolated from male patients than from female

patients (93 vs 71 strains, respectively). Of the 164

S. pneumoniae isolates, 95 were obtained from pediatric

patients aged 0–36 months, 34 from pediatric

patients aged 3–5 years (>3 but ≤5 years), 11 from patients

aged 6–17 years (>6 but ≤17 years), 12 from adults

aged 18–60 years (>18 but ≤60 years), and 12 from

patients aged >60 years. Blood was the most common

specimen source, accounting for 75.6% of samples (124

strains), followed by CSF (34 strains) and pleural fluid (6

strains). The patients were mainly concentrated in neurol-

ogy (37 strains), pediatric ICU (33 strains), respiratory (24

strains) and hematology (19 strains). Fifty-nine strains

were from Hebei province, 44 strains from Shandong

province, 26 strains from Shanxi province, 23 strains

from Shenyang and 12 strains from Beijing. Table 1 sum-

marizes the detailed clinical data of the patient’s medical

information. The relationships between patient age groups

and IPD types are demonstrated in Table 2. Three major

IPD specimen categories were identified: blood (75.6%),

cerebrospinal fluid (20.7%), pleural fluid (3.7%) indicating

empyema and pleuritic. Of the 164 strains, 80 were

cultured form bacteremia infections, 60 strains were from

central nervous system infection, 18 strains were from

pneumonia and 6 were from empyema and pleuritic

infections.

Antimicrobial Susceptibility of

S. pneumoniae
The in vitro activities of the tested antimicrobial agents

against 164 invasive S. pneumoniae strains are shown in

Table 3. Based on the MIC breakpoints of oral

penicillin criteria, the overall rate of penicillin-resistant

S. pneumoniae, penicillin-intermediate S. pneumoniae,

and penicillin-susceptible S. pneumoniae isolates was

56.7% (93/164), 23.2% (38/164), and 20.1% (33/164),

respectively. The resistant rate of S. pneumoniae to ery-

thromycin, azithromycin, clarithromycin, clindamycin, and

tetracycline was 98.2%, 97.6%, 98.2%, 96.3%, and 94.5%,

respectively. Macrolides and tetracycline had very limited

antibacterial activities against invasive S. pneumoniae in

this study. Moreover, 161 (98.2%) strains were resistant to

erythromycin, and of these, 158 were resistant to clinda-

mycin simultaneously. S. pneumoniae is more sensitive to

penicillin (non-meningitis) compared with amoxicillin/cla-

vulanic acid, and the rate of resistance to amoxicillin/

clavulanic acid was higher than to ceftriaxone (non-

meningitis) and penicillin (non-meningitis). Levofloxacin

and moxifloxacin have a high antibacterial effect on

S. pneumoniae with a sensitivity rate of 98.8% both. The

MIC90 value for levofloxacin and moxifloxacin was

1 μg/mL and 0.125 μg/mL, respectively. The resistance

of S. pneumoniae to penicillin varies significantly among

different age groups (Figure 1) and specimen types. The

rate of resistance to penicillin in S. pneumoniae isolated

from children aged less than 18 years was significantly

higher than that in strains isolated from age above 18 years

groups (62.9% vs 20.1%, p = 0.00046), and this trend was

also observed in other β-lactams. In contrast, strains with

increased resistance to levofloxacin, moxifloxacin, and

chloramphenicol were found only in the adult groups,

especially in the elder age groups. S. pneumoniae showed

high resistance to macrolides, clindamycin, and tetracy-

cline in all age groups, with no difference among groups.

S. pneumoniae from different specimen types have differ-

ent resistance rates to β-lactams. The strains isolated from

the CSF and pleural fluid were more resistant to penicillin

and other oral β-lactams than those isolated from blood

(64.7% and 66.7% vs 54%) (Table 3).
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Serotyping and Vaccine Coverage
Of all the 164 strains, the most prevalent serotypes were

14 (22.6%), 19F (16.5%), NVT (14.0%), 19A (9.8%), and

23F (9.1%). Otherwise, the serotypes 14 (24.8%), 19F

(16.3%), 19A (11.6%), 23F (10.1%), and NVT (10.1%)

were the major serotypes in children aged less than 5

years. For patients aged more than 60 years, 14 (25.0%),

7F (16.6%), NVT (16.6%), 19A (8.3%), and N23F (8.3%)

were the most prevalent serotypes. The average vaccine

coverage for PCV10 and PCV13 in patients from all age

groups was 59.8% and 75.6%, respectively. From the

perspective of vaccine coverage, the protective effect of

vaccines in children is stronger than that in adults. The

vaccine coverage of PCV10 and PCV13 declined with an

increasing age, and the vaccine coverage rate was the

highest among children aged less than 5 years, suggesting

a good protective effect in children. PCV10 showed a clear

trend of decreasing vaccine coverage with increasing age,

while PCV13 did not find a similar downward trend as

PCV10 vaccine, although its vaccine coverage rate in the

elder age group was lower than that in the younger age

group. The coverage of PCV-10 in big hospitals and small

hospitals were 64.8% and 50.8% (p = 0.1146), whereas the

coverage of PCV-13 were 78.1% and 71.2% (p = 0.4241),

respectively. There is no significant difference in the cov-

erage of PCV-10 and PCV-13 among big hospitals and

small hospitals. The proportion of PRSP isolates was

higher among vaccine-covered strains (65.3% for PCV10

and 65.3% for PCV13) compared with non-covered strains

(43.9% for PCV10 and 30.0% for PCV13), and the p-value

was 0.0017 for PCV-10, 0.0003 for PCV-13. The sensitiv-

ities of S. pneumoniae serotypes to antimicrobial agents

varied significantly. In serogroups 19 (including 19F and

19A), 23 (including 23F and N23F), 6B, and 14, the

proportion of PRSP isolates was significantly higher com-

pared with the other common serotypes (Figure 2).

Multilocus Sequence Typing
All the 164 invasive strains were analyzed by the MLST

method, and 54 unique STs were found. Among the

strains, ST876 (28, 17.1%), ST271 (22, 13.4%), ST81

Table 1 Characteristics of 164 Invasive Streptococcus pneumoniae
Strains from 2018 in North China

Characteristics Groups Number of

Strains

Percentage

Age <36 month 95 57.9

3–5 years 34 20.7

6–17 years 11 6.7

18–60 years 12 7.3

>60 years 12 7.3

Gender Male 93 56.7

Female 71 43.3

Specimen type Blood 124 75.6

Cerebrospinal

fluid

34 20.7

Pleural fluid 6 3.7

Type of medical

institution

Children and

Maternal

109 66.5

General 55 33.5

Ward type Outpatient 8 4.9

Inpatient 122 74.4

ICU 34 20.7

Departments Neurology 37 22.6

Pediatrics ICU 33 20.1

Respiratory 24 14.6

Hematology 19 11.6

Pediatrics 12 7.3

Emergency

department

7 4.3

Nephrology 7 4.3

Cardiology 6 3.7

Other 19 11.6

PCV-10 Covered 98 59.8

Non-covered 66 40.2

PCV-13 Covered 124 75.6

Non-covered 40 24.4

PCV-10 covered PRSP 64 65.3 (64/98)

PCV-10 non-

covered

PRSP 29 43.9 (29/66)

PCV-13 covered PRSP 81 65.3 (81/

124)

PCV-13 non-

covered

PRSP 12 30.0 (12/40)

Table 2 The Proportion of Different IPD Types in Different Age

Groups

Specimen

Type

<36

Months

(95)

3–5

Years

(34)

6–17

Years

(11)

18–60

Years

(12)

>60

Years

(12)

Blood 75.8 79.4 45.5 91.7 75.0

Cerebrospinal

fluid

22.1 8.8 54.5 8.3 25.0

Pleural 2.1 11.8 0.0 0.0 0.0
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(17, 10.4%), and ST320 (14, 8.5%) were the most com-

mon STs. Of the 19F isolates identified with specific STs,

21 (77.8%) were ST271 and 4 (14.8%) were ST236. Of

the 19A isolates, 14 (87.5%) were ST320 and 1 (6.25%)

was ST271. Strains of 19F-ST271 and 19A-ST320 were

found to be more resistant to several of the tested anti-

biotics, especially to β-lactams (Table 4). The phyloge-

netic tree generated using the PHYLOViZ online tool

showed that all of the tested strains exhibited obvious

clonal aggregation, with the vast majority of the popula-

tion made up of resistant clones and serotypes, whereas

susceptible clones and serotypes showed a decentralized

pattern (Figure 3).

Discussion
IPD is defined as an infection confirmed by isolating

S. pneumoniae from a normally sterile site (eg, blood or

CSF but not sputum). It was considered as a notable cause

of morbidity and mortality worldwide, especially in children

aged less than 5 years, adults aged more than 65 years, and

individuals with risk factors (eg, immunodeficiency, splenic

dysfunction, and HIV infections). The β-lactams, such as

penicillin, have been recommended for treating infections

caused by S. pneumoniae traditionally. The emergence of

resistance to penicillin and other β-lactam antibiotics in

pneumococci has led to the increased adoption of macrolides,

fluoroquinolones, and other non-β-lactam antibiotics to treat

pneumococcal infections. Vaccination is another way to pre-

vent pneumococcal diseases. Childhood vaccination is

recommended and is increasingly implemented across the

world.23–25 The first pneumococcal conjugate vaccine was

7-valent vaccine (PCV7) which was licensed in 2008 in

China and it was replaced by a 13-valent vaccine (PCV13)

in 2016. Different from other developed countries, pneumo-

coccal vaccination is not included in the national immuniza-

tion program in China, and the vaccination is on an

individual voluntary basis. This policy has led to

a relatively low rate of vaccination against S. pneumoniae

in China, especially in remote and rural regions where the

economy and residence income is relatively lower compared

with other major cities in China.

This study described the antibiotic resistance, serotypes,

and molecular epidemiology of invasive S. pneumoniae

from eight hospitals in North China of 2016–2017.

Invasive pneumococcal strains can provide more reliable

clinical information compared with noninvasive strains

because the bias introduced by colonization could be

excluded. The patients infected with non-IPD strains

Table 3 Susceptibility of Invasive Streptococcus pneumoniae to Routine Clinical Antibiotics

Antibiotics %R %I %S MIC50 MIC90 Range %R (N)

PRSP

(93)

PISP

(38)

PSSP

(33)

Age

<18

(140)

Age

≥18

(24)

Children

and

Maternal

(109)

General

(55)

Penicillin V oral 56.7 23.2 20.1 2 4 0.004–8 100 0.0 0.0 62.9 20.8 61.5 47.3

Penicillin G meningitis 79.9 0.0 20.1 2 4 0.004–8 100 100 0.0 83.6 58.3 81.7 76.4

Penicillin G non-meningitis 1.2 18.9 79.9 2 4 0.004–8 2.2 0.0 0.0 1.4 0.0 0.9 1.8

Amoxicillin/Clavulanic acid 20.7 13.4 65.9 1 8 0.008–32 36.6 0.0 0.0 22.9 8.3 22.9 16.4

Cefaclor 78.0 9.1 12.8 256 256 0.016–256 100 92.1 0.0 82.1 54.2 79.8 74.5

Cefuroxime 62.8 9.8 27.4 4 16 0.016–128 97.8 31.6 0.0 67.9 33.3 65.1 58.2

Ceftriaxone non-meningitis 9.1 4.3 86.6 0.5 2 0.016–8 15.1 2.6 0.0 10.0 4.2 9.2 9.1

Ceftriaxone meningitis 13.4 29.3 57.3 0.5 2 0.016–8 22.6 2.6 0.0 15.0 4.2 12.8 14.5

Vancomycin 0.0 0.0 100 0.25 0.25 0.016–0.5 0.0 0.0 0.0 0.0 0.0 0 0.0

Erythromycin 98.2 0.0 1.8 128 256 0.016–256 100 97.4 93.9 97.9 100 98.2 98.2

Azithromycin 97.6 0.6 1.8 256 256 0.016–256 100 94.7 93.9 97.1 100 98.2 96.4

Clarithromycin 98.2 0.0 1.8 256 256 0.25–256 100 97.4 93.9 97.9 100 98.2 98.2

Tetracycline 94.5 1.2 4.2 32 64 0.016–128 95.7 94.7 90.9 94.3 95.8 95.4 92.7

Levofloxacin 1.2 0.0 98.8 1 1 0.016–16 1.1 2.6 0.0 0.0 8.3 0 3.6

Moxifloxacin 0.0 1.2 98.8 0.125 0.125 0.016–2 0.0 0.0 0.0 0.0 0.0 0 0.0

Trimethoprim/

Sulfamethoxazole

59.8 7.3 32.9 4 16 0.016–256 73.1 52.6 30.3 61.4 50.0 58.7 61.8

Chloramphenicol 7.3 0.0 92.7 4 4 0.016–16 5.4 2.6 18.2 4.3 25.0 4.6 12.7

Clindamycin 96.3 0.6 3.0 256 256 0.016–256 100 92.1 90.9 96.4 95.8 97.2 94.5
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usually could be cured in primary community healthcare

facilities by empirical therapy without a pathogenic diag-

nosis. The infections caused by IPD strains are usually

severe, and the treatment is often based on etiological

diagnosis. Therefore, IPD strains can provide more accurate

clinical epidemiological information compared with non-

IPD strains.

The number of IPD strains in children is much greater

than that in adults and this phenomenon was more obvious

in children aged less than 5 years. Even the most major

proportion of patients with IPD in general hospitals com-

prised children aged less than 5 years. IPD cases were

mainly concentrated in children aged less than 5 years,

indicating that children are susceptible to IPD. In this

study, children with IPD aged less than 5 years were

mainly from Neurology, Pediatric Intensive Care Unit,

Respiratory Medicine, and Hematology units. Of the 34

cases of neurology, only 8 cases of S. pneumoniae were

isolated from the CSF. The other 26 cases were isolated

from the blood, suggesting that the positive rate of CSF

culture in central nervous system infection cases is low

because the amount of CSF specimens is usually very

limited, especially in children. Cerebrospinal fluid speci-

mens are very precious, and other biochemical and cyto-

logical tests are usually performed together. In this way,

the amount of specimens left for microbial testing is very

small, which affects the positive rate of cerebrospinal fluid

specimen culture. Hence, the diagnosis of meningitis in

children requires supplementary blood culture.

The β-lactams were widely used to treat pneumococcal

infections, but the resistant strains have emerged and

become more prevalent throughout the world in recent

decades.26,27 The emergence of resistance of pneumococci

against penicillin and other β-lactam antibiotics has led to

an increased adoption of macrolides, fluoroquinolones, and

other non-β-lactam antibiotics to treat pneumococcal

infections.28 The β-lactams and macrolides were considered

as relatively safer antibiotics for children; they were inten-

sively used to treat community-acquired infections among

children.29 In this study, the resistance rates for β-lactams in
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Figure 1 Resistance of S. pneumoniae to routine antibiotics in different age groups.
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children were significantly higher than those in adults,

probably because β-lactams were the primary drugs to

treat pneumococcal infection in children and more fre-

quently prescribed. On the contrary, reduced susceptibility

to levofloxacin, moxifloxacin, and chloramphenicol was

observed only in adults, especially elderly people aged

more than 60 years. This was because these antibiotics

could be used only in adults. The resistant strains emerged

with the increased use of these antibiotics, which could not

be used in children. Hence, the strains isolated from chil-

dren were generally very sensitive to these drugs.

Macrolides, including erythromycin and azithromycin,

were recommended as the primary antibiotics to treat com-

munity-acquired infections in both adults and children.28

This study found that the resistance rates of S. pneumoniae

against macrolides were very high, with no difference

between different age groups. The percentage of PRSP

from invasive pneumococcal isolates was 56.4% in this

study, which was a little higher compared with data from

another study reported earlier (51.6% for PRSP).28 The high

resistance rate might be related to the difference in the study

participants. S. pneumoniae responsible for invasive infec-

tions among children demonstrated higher resistance com-

pared with that from the adult noninvasive counterpart.

Besides the use of antibiotics for already occurring

infections, vaccination is an alternative initiative for pre-

venting pneumococcal infection. The prevalence of vac-

cine-covered serotypes faded considerably when PCV was

used widely in other western countries.25,30 Many studies

showed that the introduction of PCVs has not only

reduced the burden of pneumococcal disease among

youngsters,31 but also greatly wedged the burden of dis-

ease in adults by preventing the vaccine-related resistant

strains in adults – the herd protection effect.32,33 In this

study, the average vaccine coverage rate of PCV10 and

PCV13 in the invasive strains was 59.8% and 75.6%,

respectively, which were much higher than the previously

reported coverage in noninvasive strains,34 suggesting that

vaccines could play a better protective role in IPD com-

pared with noninvasive infections. Taking into account the
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higher coverage in invasive strains, this study recom-

mended that all children should be vaccinated at the

appropriate age and pneumococcal vaccine should be

included in the national immunization program. The cov-

erage of PCV10 vaccine gradually declined with age,

suggesting that PCV10 had a relatively lower protective

effect in adults. In contrast, although PCV13 coverage in

adults is lower than that in children, no decrease in cover-

age associated with age has been observed, suggesting that

coverage of PCV13 is higher among children. It can also

produce higher protection in adults. The reason is that

PCV13 covered the major epidemic serotypes in adults,

which were not covered by PCV10 (serotype 3, serotype

6A and serotype 19A). Based on the results of serotyping,

drug resistance, and MLST classification, the present

study concluded that the spread pattern of S. pneumoniae

in China was clonal propagation. The prevalent clones

serotype 14-ST876, serotype 19F-ST271, and serotype

19A-ST320 were responsible for the high resistance in

invasive strains. The proportion of S. pneumoniae sero-

type 14 was very high in this study, higher than the

proportion of noninvasive strains in previous studies,8,34

indicating that S. pneumoniae with serotype 14 might have

a stronger invasive ability in young children. The limita-

tion of this study is that due to the difficult nature of

cerebrospinal fluid specimens for bacterial culture, there

are many intracranial infections that were identified by

blood culture rather than as a result of cerebrospinal

fluid culture and the role of cerebrospinal fluid culture in

the diagnosis of intracranial infection has been underesti-

mated. The positive rate of diagnosing life-threatening

intracranial infection can therefore be increased by using

Figure 3 Phylogenetic tree of 164 invasive S. pneumoniae strains generated using the PHYLOViZ online application.
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other tests, such as nucleic acid testing. Differences in the

types of hospitals enrolled (four hospitals are maternal and

child health centers, mainly for children) resulted in more

S. pneumoniae isolated from children than from adults in

this study. Moreover, the empirical use of drugs in China

is very common in adults, whereas in children the use of

antimicrobial drugs is more regulated, which leads to

a high rate of positive microbial cultures in children and

a relatively low rate of positive microbial cultures in

adults, especially for S. pneumoniae.

Conclusions
High resistance to β-lactams and macrolides was observed

among 164 invasive S. pneumoniae strains mainly from

children aged less than 5 years. However, fluoroquinolones

and vancomycin maintained excellent activity against

S. pneumoniae. The serotypes 19F, 19A, 6A, 6B, 14, and

23F demonstrated higher resistance compared with other

serotypes. The protective effect of vaccines in children and

invasive strains was higher than that in adult and noninva-

sive strains. The vaccine coverage varied considerably

with the age of the patients. Obvious clonal aggregation

was observed by molecular biology analysis.
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