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Background: The phenotypes and genotypes of Streptococcus pneumoniae isolated from invasive pneumo-
coccal diseases (IPDs) were changing all the time. To monitor these changes of phenotypes and genotypes
of S. pneumoniae isolates from children, we examined antibiotic susceptibility, serotype distribution and
sequence types (STs) of S. pneumoniae, which were isolated before the 13-valent pneumococcal conjugate
vaccine (PCV13) introduced into China.

Methods: Strains were isolated from children less than 14 years old between January 2013 and May 2017

Keywords: . from Shenzhen Children’s Hospital. Serotypes, antibiotic resistance, and genotypes of these isolates were
Streptococcus pneumoniae . . . . . .

Serotypes determined using capsular swelling, E-test, and multi-locus sequence typing, respectively.

Antibiotic resistance Results: A total of 94 S. pneumoniae strains were isolated, which belonged to 15 serotypes. The five most
Genotype prevalent serotypes were 19F (25.5%), 19A (19%), 14 (17%), 23F (7.5%), and 6B (9.6%). We found 42 STs for

these isolates. The most abundant STs were ST271 (24.4%), ST876 (17%), and ST320 (10.6%), mainly
related to 19F, 14, and 19A, respectively. The potential coverage of PCV13 was 87.2%. Among non-
meningitis isolates, the resistance rates to penicillin and ceftriaxone were 0% and 2%. However, the
meningitis isolates showed high resistance to penicillin (80%) and ceftriaxone (20%). Most of these iso-
lates (95.7%) were resistant to erythromycin, and 66 (70.2%) strains carried the ermB gene and 24
(25.5%) strains carried both the ermB and mefA/E genes. Serotype 19A showed the highest mean mini-
mum inhibitory concentration (MIC) for penicillin (MIC = 1.486) than the other serotypes, but no signif-
icant difference in penicillin MIC among the three main STs (ST271, ST320, and ST876).

Conclusions: The phenotypes and genotypes of invasive pneumococcal isolates from Shenzhen Children’s
Hospital have changed with the passage of time. Compared with PCV7, PCV13 can more effectively pro-
tect Chinese children from IPDs. To some extent, these changes are possibly related to the usage of antibi-
otics and vaccines.

Invasive pneumococcal diseases

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Streptococcus pneumoniae can cause invasive pneumococcal dis-
eases (IPDs, for example, meningitis, sepsis, and bacteremic pneu-
monia) and noninvasive pneumococcal diseases (non-IPDs, for
example, non-bacteremic pneumonia, otitis media, and rhinosi-
nusitis), and can exert an enormous medical, social, and economic
influence. It has been estimated that each year approximately one
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million children die of IPDs worldwide among infants and young
children under five years of age, particularly in developing
countries [1]. However, antibiotic-resistant S. pneumoniae and
multidrug-resistant S. pneumoniae (MDRSP) have become a major
problem worldwide since the 1990s [2,3]. Pneumococcal conjugate
vaccines (PCVs) are the most effective strategies to reduce invasive
pneumococcal infections and to control the spread of antibiotic-
resistant S. pneumoniae [4].

China is also facing these serious problems. Recent data showed
that S. pneumoniae is a leading cause of community acquired
pneumonia and acute bacterial meningitis in Western China [5,6]
Our previous research showed that the percentage of MDRSP iso-
lated from IPDs in 2009-2012 was about 56.3% in Shenzhen, a city
in Southern China [7]. We also found that when the penicillin
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breakpoint of Clinical and Laboratory Standards Institute (CLSI)
2007 (susceptible when MIC was <0.06 mg/ml and resistant when
MIC was >2 mg/mL) was adopted, the penicillin intermediate rate
of the non-meningitis isolates was up to 74.3%, and the resistant
rate was 11.5% in our research [7].

To improve the serious situation in China, PCV7 was introduced
in the Chinese mainland between 2008 and 2014, and many other
measures have been adopted to reduce antibiotic application in
China since 2012 [8,9]. PCV7 was replaced by the 13-valent pneu-
mococcal conjugate vaccine (PCV13) in developed countries sev-
eral years ago because of serotype replacement [10]. PCV13 was
introduced in Shenzhen in June 2017. To further evaluate the effect
of PCV13 in China and to provide the proof for choosing the appro-
priate antibiotic, it is necessary to monitor the changes in the phe-
notypes and genotypes of IPD isolates. This study was conducted to
examine the serotype distribution and the antimicrobial resistance
pattern of IPD isolates collected from children between January
2013 and May 2017 before the introduction of PCV13 in Shenzhen.

2. Materials and methods
2.1. Clinical isolate collection and culture

IPD isolates were defined as S. pneumoniae strains isolated from
sterile body fluids, such as blood, synovial fluid, and cerebrospinal
fluid (CSF). We collected 94 S. pneumoniae strains isolated from
Shenzhen Children’s Hospital between January 2013 to May
2017. The isolates were identified further by optochin sensitivity
test (Oxoid, Basingstoke, Britain), bile solubility test, and Omni
serum assay (Statens Serum Institute, Copenhagen, Denmark).

All these strains were stored at —80 °C in 40% glycerol broth
medium. Strains were grown on 5% horse blood agar and incubated
at 37 °C in the presence of 5% CO2 for 12-15 h prior to the other
biochemical and molecular assays.

2.2. Serotyping

All isolates were typed by a capsule-quelling test using type-
specific antisera (Statens Serum Institute, Copenhagen, Denmark)
against the serotypes. Typing was conducted by phase-contrast
microscopy according to the previous described procedure [11].
Strains, which could not be typed, were denoted as untyped
strains.

2.3. Detection of macrolide resistance genes

All erythromycin-resistant strains were tested for the ermB and
mefA/E resistance genes [12]. Each PCR reaction contained 500 ng
of template DNA, 50 mM potassium chloride, 10 mM Tris-hy-
drochloride (pH 8.3), 200 mM of each deoxynucleotide triphos-
phate, 2.5 U Taq DNA polymerase (Takara Bio, Dalian, China),
1.5 mM magnesium chloride, and 1.5 mM of each primer. The
PCR products were visualized by 1.5% agarose gel electrophoresis
and gold-view staining.

2.4. Multi-locus sequence typing (MLST)

Internal fragments, 450 bp long, from the aroE, gdh, gki, recP,
spi, Xpt, and ddl genes were amplified by PCR as previously
described [13]. All of the sequence types (STs) absent in the pneu-
mococcal MLST database were submitted to the MLST S. pneumo-
niae database for designation. The eBURST algorithm (http://
eburst.mlst.net) was used to estimate the phylogenetic distance
among isolates. STs that shared six identical alleles of the seven
MLST loci with another ST in the group were subdivided into one

group as a clone complex (CC). The software PHYLOViZ 2.0 was
used to generate and visualize a complete minimum spanning tree
(MST) based on the geoBURST distance [14].

2.5. Antimicrobial susceptibility testing

The MICs for penicillin (PG), amoxicillin (AC), ceftriaxone (TX),
cefuroxime (XM), erythromycin (EM), vancomycin (VA), levofloxa-
cin (LE), and imipenem (IP) were determined using E-test strips
(AB Biodisk, Solna, Sweden) [11,15]. Breakpoints were based on
the 2015 criteria of the CLSI [16]. S. pneumoniae strains ATCC
49,619 acted as standard control for antimicrobial susceptibility
test. The isolates, which were resistant to three or more classes
of antimicrobials, were considered MDRSP.

2.6. Statistical methods

We applied the WHONET software (version 5.6, WHO) to per-
form data analysis. The result of the X? test was calculated using
SPSS version 10.0 (SPSS Inc., Chicago, USA), and the cutoff of the
two-tailed test was P < 0.05.

3. Results
3.1. Characteristics of patients with IPDs

Among the 94 isolates, 23 were collected in 2013, 19 were col-
lected in 2014, 22 were collected in 2015, 20 were collected in
2016, and 10 were collected in 2017. Fifteen (10.4%) strains were
isolated from CSF samples, 68 (72.3%) strains were isolated from
blood samples, and 11 (17.3%) strains were isolated from pleural
fluid and joint cavity fluid (Table 1).

Sixty patients (63.9%) were under 2 years of age, and 29 (30.8%)
patients were between 2 and 5 years of age. Bacteremia (53.1%)
was the most common IPD. Seven patients suffered from several
comorbidities. About 50 cases had a history of upper respiratory
tract infections before IPDs In three cases, the comorbidities were
primary immunological diseases; and in the other four cases, the
comorbidities were malignancies and leukemia. Six patients died
due to IPDs (septic shock and meningitis). Three patients had cen-
tral nervous system sequelae (Table 1).

3.2. Distribution of serotypes and coverage of PCVs

Fig. 1 shows the serotype distribution of the 94 S. pneumoniae
isolates. Among the 94 isolates, 19F (n = 24, 25.5%)), 19A (n=18,

Table 1
Clinical characteristics of children with IPDs in Shenzhen during 2013-17.

3%

Characteristics No. of patients

Gender

male 60 63.8
female 34 36.2
Age

0-0.5 4 43
0.5-2 56 59.6
2-5 29 30.8
>5 5 5
Underlying diseases 6 7.6
Meningitis 15 16
Non-meningitis 79 84
Bacteremia 50 53.1
Severe pneumonia 9 9.6
Sepsis 9 9.6
Septic arthritis 7 7.4
other 4 43
Numbers of death 8 8.5
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Fig. 1. Proportionate and cumulative serotype distributions of 94 S. pneumoniae isolates causing invasive infections among children in Shenzhen Children’s Hospital from

2013 to 2017. NVT, non-vaccine serotypes not included in PCV13.

19%), 14 (n=16, 17%), 23F (n=7, 7.5%), and 6B (n =9, 9.6%) were
the five most commonly found serotypes. These serotypes
accounted for 78.6% of all of the isolates. The overall coverage rate
of PCV13 was 87.2%, while that of PCV7 was only 64.9%. The per-
centage of non-vaccine types (NVTs) was 12.8, including 23A
(n=1),19C (n=4), 18F (n=1), 15C (n=2), 15A (n=1), 8 (n=1),
29 (n=1), and 42 (n=1). We further compared the frequency of
common serotypes in this study with our previous study done
between 2009 and 2012 in Shenzhen (Fig. 2) [7]. The frequency
of 19F, 14, and 23F was decreased between 2013 and 2017, while
the frequency of 19A was obviously increased. The percentage of
the PCV7 serotype was reduced between 2013 and 2017.
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3.3. Detection of macrolide resistance genes

Sixty-six (70.2%) isolates were only positive for ermB, but they
were negative for mefA. Twenty-four (25.5%) pneumococcal iso-
lates contained both the ermB and mefA/E genes. Thus, 90
(95.7%) isolates in our study carried macrolide resistance genes.

3.4. MLST
Forty-two STs were detected in these 94 S. pneumoniae isolates;

and among them, 10 STs were newly assigned via MLST analysis.
All of these new STs were novel combinations of known alleles.
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Fig. 2. Comparison of the frequency of common serotypes among different years in Shenzhen Children’s Hospital. The bar colored in gray stands for the frequency of S.
pneumoniae collected from 2009 to 2012, and the white bar indicates the frequency of S. pneumoniae collected from 2013 to 2017.
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The predominant STs for all pneumococci were ST271 (24.4%,
23/94), ST876 (17.0%, 16/94), ST320 (10.6%, 10/94), ST902 (4.2%,
4/94), and ST81 (3.2%, 3/94), which were mainly related to sero-
types 19F, 14, 19A, 6B, and 23F, respectively. The eBURST analysis
showed seven clone complexes (CCs) and 11 singletons (Fig. 3).
CC271 was the most frequent CC (including ST320 and ST271), fol-
lowed by CC876 (including ST876 and ST902). The isolates of ser-
otype 19F belonged to 5 STs; and among them, 20 isolates were
from ST271. The isolates of serotype 19A had 8 STs; and 8 isolates
were from ST320, and 3 isolates were from ST876. The isolates of
serotype 19C belonged to ST320 and ST271.

3.5. Antimicrobial susceptibility testing

The antibiotic activities of these 94 S. pneumoniae isolates
against 8 antimicrobials are presented in Table 2. According to
the revised CLSI breakpoints for penicillin (resistant > 8 mg/mL

\ @ 9789

for non-meningitis isolates and >0.12 mg/mL for meningitis iso-
lates), the prevalence rates of penicillin resistance were 0% and
80% in the non-meningitis and meningitis isolates, respectively.
The percentage of isolates resistant to amoxicillin was 5.1% in
the non-meningitis isolates. The proportions of isolates resistant
to ceftriaxone were 2.5% in the non-meningitis isolates and 20%
in the meningitis isolates. The cefuroxime resistance rate was
83%. All of the isolates were susceptible to vancomycin and levo-
floxacin. Also, 95.7% of these isolates showed high resistance to
erythromycin. The non-susceptibility rate to imipenem was
64.9%. The mean MIC of penicillin, amoxicillin, and ceftriaxone
for different serotypes is shown in Table 3. The serotypes 19F,
19A, and 14, especially 19F, had the high MIC for penicillin, amox-
icillin, and ceftriaxone. The serotype 19A had the highest MIC for
penicillin among all of the serotypes, while its MIC for ceftriaxone
was relatively low. We further compared the difference in the
antibiotic MIC among the main STs (ST271, ST320, and ST876;

Serotype
19F (=23, 23.71%)
19A (n =18, 18.56%)
14 (n=16, 16.49%)
6B (n=9, 9.28%)
23F (n=7,7.22%)
19C (n=3, 3.09%)
other (n=21, 21.65%)

Fig. 3. Population snapshot of the 94 S. pneumoniae strains through eBURST analysis. One spot indicates one ST. The size of one spot corresponds to the number of
pneumococcal isolates with the same ST. The lines indicate the presence of single locus variant (SLV) links among particular STs. Each spot is colored, the different colors

represents that the spot is comprised of different serotypes.

Table 2

Susceptibility and MIC of antibiotics for IPD isolates in Shenzhen during 2013-17.
Antimicrobials No. of isolates Susceptibility MIC (mg/ml)

Resistant Intermediate Susceptible 50% 90% Range

Penicillin (P) 94
P-Meningitis 15 12(80%) 0 3(20%) 1 1.5 0.016-2
P-non-meningitis 79 0 5(6.3%) 74(93.7%) 0.012-4
Amoxicillin 79 4(5.1%) 17(21.5%) 58(73.4%) 1.5 4 0.016-6
Ceftriaxone (C) 94
C-meningitis 15 3(20%) 3(20%) 9(60%) 0.5 1.5 0.012-1.5
C-non-meningitis 79 2(2.5%) 18(22.8%) 59(74.7%) 0.75 2 0.012-3
Cefuroxime 94 78(83%) 2(2.1%) 14(14.9%) 3 6 0.016-48
Erythromycin 94 90(95.7%) 0 4(4.3%) > 256 > 256 0.094~ > 256
Vancomycin 94 0 0 94(100%) 0.5 1 0.25-1
Levofloxacin 94 0 0 94(100%) 1 1.5 0.002-2
Imipenem 94 2(2.1%) 59(62.8%) 33(35.1%) 0.19 0.25 0.06-1
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Table 3
The mean MIC of antibiotics for different IPD isolates serotypes in Shenzhen, 2013-
17.

Penicillin Amoxicillin Ceftriaxone
19A 1.486 2.722 0.751
19F 1.397 3.063 1.479
14 1.313 1.25 0.728
23F 0.763 0.733 0.429
6B 0.962 1.057 0.644
NVT 0.889 1.479 0.496

§ ST type
g’ ST271
S W sT320
O ST876
=

X XM PG AC
Antibiotic type

Fig. 4. The difference in the antibiotic MIC among the main STs (ST271, ST320, and
ST876). The bars colored in red, green, and blue represent ST271, ST320, and ST876,
respectively. ** and *** above the bars stand for significant differences with P-values
<0.01 and <0.001, respectively. TX: ceftriaxone; XM: cefuroxime; PG: penicillin;
AC: amoxicillin. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

Fig. 4). There was no difference in the MIC for penicillin (P > 0.05).
The MIC for cefuroxime and ceftriaxone in ST271 was the highest
(P <0.05). The MIC for amoxicillin in ST271 and ST320 was higher
than that in ST876 (P < 0.05).

4. Discussion

Our previous research revealed that the rank order of serotypes
of the isolates from IPDs in Shenzhen was 19F 28.7%), 14 (25.3%),
23F (11.5%), 19A (9.2%), and 6B (6.9%) between 2009 and 2012
[7]. Our study showed that the serotype distribution of the isolates
from IPDs in Shenzhen has changed. Currently, the rank order of
the most common serotypes of IPD isolates in Shenzhen is 19F
(n=24, 25.5%), 19A (n=18, 19%), 14 (n=16, 17%), 23F (n=7,
7.5%), and 6B (n=9, 9.6%). The coverage of PCV7 in our study is
only 64.9%, which is lower than that reported earlier. In contrast,
the coverage of PCV13 in Shenzhen is up to 87.2%. Our result is
similar to that of the study performed by Si et al. between 2012
and 2017 in Beijing, which is a northern city in China [17]. There-
fore, PCV13 can protect Chinese children from most of the pneu-
mococcal diseases. Malaysia and India are the other Asian
developing countries where PCVs have not been included in the
national standard immunization program. The percentage of inoc-

ulation with PCV13 in these countries is also very low. In India, the
most frequent pneumococcal serotypes causing invasive disease
among children aged <5 years are 14, 1, 19F, 6B, 5, 6A, 9V, and
23F [18]. In Malaysia, the most common serotypes are serotype
14, 6B, 19A, 6A, and 19F [19]. Thus, the serotype distribution of
S. pneumoniae varies on the basis of geography and time.

Compared with the results obtained from Shenzhen during
2009-2012, the percentage of NVTs is slightly higher in our study
[7]. Also, 15 (15A/B/C) and 19C are the main serotypes of NVTs.
Shenzhen is bordered by Hong Kong and Taiwan, where PCV13
has been introduced since 2010. The study in Hong Kong showed
that the non-susceptible serotype 15 (15A/B/C) has emerged and
increased in the post-PCV13 era [20]. Taiwan also reported that
15A/B is the most commonly detected serotype in the isolates from
IPDs in 2015 [21]. The serotype 19C was not found in our previous
study. Currently, four isolates of 19C have been found. Therefore,
we also need to pay more attention to the spread of NVTs in
Shenzhen.

Since the first case of pneumococcal penicillin resistance was
reported in the 1960s, emergence and spread of penicillin and
multidrug-resistant pneumococci have become a serious concern
worldwide [2,22]. The situation in China is also very serious. The
rate of penicillin resistance of IPD isolates reported in China was
about 42.6%—64.3% between 2005 and 2009 [23-25]. In our previ-
ous study performed in Shenzhen during 2009-2012, only three
(3.9%) non-meningitis isolates were non-susceptible to penicillin-
based on the 2010 CLSI criteria [7]. This rate was much lower than
that reported earlier because of the change in penicillin break-
points. But when the breakpoint of CLSI 2007 (susceptible when
MIC was <0.06 mg/mL, but resistant when MIC was >2 mg/mL)
was adopted, the corrected penicillin intermediate rate of the
non-meningitis isolates was up to 74.3%, and the resistant rate
was 11.5% [7]. In our study, the corrected penicillin intermediate
rate of the non-meningitis isolates is 43% and the resistant rate is
34.6%, if the breakpoint of CLSI 2007 is used. The MIC50
and MIC90 of penicillin in the isolates were 1.0 mg/mL and
2.0 mg/mL, respectively. This result is similar to that in Beijing
[17]. Therefore, compared with the previous results in China, the
seriousness of the situation of pneumococcal penicillin resistance
has not improved.

Although PCV7 was introduced in China several years ago, the
percentage of inoculation was low. In our study, the three most
commonly found serotypes are 19F, 19A, and 14; and they
accounted for 52% of the isolates. The mean MIC of these three
serotypes for penicillin is 1.400 mg/mL, 1.486 mg/mL, and
1.312 mg/mL, respectively, which is much higher than the mean
MIC of 23F, 6B, and NVTs in our study. Therefore, the isolates from
IPDs, which show high-level resistance to penicillin, are still preva-
lent in Shenzhen. Serotype 19A could not be found in Shenzhen in
the study of IPD isolates between 2006 and 2008 [26]. But within
the past decade, the percentage of serotype 19A has increased
rapidly in Shenzhen. Currently, 19A is the most penicillin-
resistant serotype in Shenzhen. Because of its high-level penicillin
resistance, 19A will possibly spread further in Shenzhen under the
pressure of antibiotics. However, the mean penicillin MIC of NVTs
is 0.8888 mg/mL in our study. Although this value is much lower
than that of the above-mentioned serotypes, it is very much higher
than that reported in some countries, where the use of antibiotics
is strictly restricted [27]. Therefore, there is a very urgent need to
control the overuse of antibiotics to avoid the appearance of NVT
pneumococcus that is highly resistant to penicillin. Otherwise,
penicillin-resistant NVT pneumococcus would spread widely and
make PCV13 less effective.

The resistance rates of these isolates to cefuroxime and ery-
thromycin are very high in China. The resistance rates to cefurox-
ime and erythromycin were 79.3% and 96.6% in our previous study
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performed during 2009-2012 [7]. The resistance rates to cefurox-
ime and erythromycin in our study are 83% and 95.7%, respectively.
Thus, there seems to be no improvement in these last few years.
But ceftriaxone resistance rates have decreased. Ceftriaxone resis-
tance rates during 2013-2017 were 2.5% and 20% in the non-
meningitis and meningitis isolates, respectively, while these rates
were 3.8% and 33.3% in the non-meningitis and meningitis isolates,
respectively, during 2009-2012 [7]. According to our results, the
non-meningitis isolates still show low resistance to amoxicillin.
Therefore, it is recommended to choose amoxicillin in non-
meningitis IPDs and ceftriaxone in pneumococcal meningitis as
the first line therapies in China. Although resistance to levofloxacin
in S. pneumoniae isolates has been reported [28,29], our results
showed that all of the isolates from IPDs are susceptible to van-
comycin and levofloxacin. As a type of Gram-positive cocci, the
unsusceptibility of S. pneumoniae to imipenem is up to 64.9%. In
our study, most of the isolates (95.7%) showed resistance and high
MIC level for erythromycin (most of the isolates with a MIC of
256 mg/mL), which is similar to our previous results (96.4%), but
the erythromycin resistance percentage was double than that
reported in India and Malaysia [18,19]. We can infer that different
preference to antibiotics in these countries is the reason for the dif-
ference in erythromycin resistance in S. pneumoniae

The predominant STs in our study were ST271, ST876, ST320,
ST902 and ST81, which is basically similar with our previous study
in 2009-2012. But we observed that the percentage of ST 320
related to 19A and CC271 (including ST271 and ST320) kept
increasing. CC271 is the main high-level antibiotic-resistant clone
from IPD isolates in Shenzhen. The MIC of penicillin in these STs
is between 1 and 4 pg/ml. In USA, during the 1990s, the main CC
identified among Spn19A strains was CC199 (MIC of penicillin,
0.12-1.0 pg/ml), which gradually decreased after the introduction
of PCV7 [30,31]. After the use of PCV7 for eight years in the USA,
high resistant ST320 (MIC of penicillin, 2.0 pg/ml) was predomi-
nant among almost half (49.3%) of all Spn19A strains in children
aged <5 years [31] Since PCV10 was introduced into Brazil, 66.5%
of Spn19A strains were ST320 in 2016-2017 [32]. Thus, the intro-
duction of PCV7 and PCV10 caused an expansion of ST320 in
Spn19A. On the other hand, reports from South Israel, some Asian
countries and the northern of China also showed an increase in
ST320 of Spn19A before the introduction of PCV7 [33-36], which
means gene evolution caused high level resistant STs replacement
of low level resistant STs. In Norway and Italy, where antibiotic
prescription was restricted, PCV7 vaccination led to an increase
in Spn19A related to CC199, and most of the strains were charac-
terized as penicillin susceptible [37,38]. Thus, these results further
demonstrated that besides vaccination genotype replacement and
antibiotic pressure are important selective factors for the spread of
Spn19A related to ST320. Except for penicillin, ST271 and/or ST320
showed higher resistance to amoxicillin, cefuroxime, and ceftriax-
one in our study. This phenomenon is possibly related to the wide-
spread use of broad-spectrum antibiotics in China. In addition,
three NVT isolates of 19C were found in our study. Their STs were
ST271 and ST320. It can be inferred that capsular transformation of
19A and 19F possibly resulted in the appearance of 19C. Because
19C is not included in PCV13, it is necessary to monitor whether
19C will spread in Shenzhen after PCV13 is introduced in
Shenzhen.

Our study showed that high-level penicillin-resistant VT iso-
lates from children with IPDs are dominant in Shenzhen. PCV13
coverage in Shenzhen is 87.2%. Many studies have shown that
the introduction of PCV13 in the national immunization procedure
is a very important step for prevention of IPDs and control of the
spread of drug-resistant S. pneumoniae. [39,40]. Currently in

Canada, 97.3%—-99% of the isolates from IPDs are susceptible to
penicillin (MIC < 0.06 mg/ml), and the dominant serotypes
(58.8%) are NVTs during 2011-2015 [27,40]. However, new prob-
lems have appeared after the introduction of PCV13. The
penicillin-resistant NVTs in IPDs, such as 15A and 35B, have
emerged and have increased gradually [41-44]. The NVT of sero-
type 12F has a significantly higher invasive potential in children
aged 0-23 months and outbreaks in a local area [45]. Therefore,
it is important to continuously monitor the serotype distribution
and antibiotic resistance of the isolates from IPDs after PCV13 is
introduced in China.

Our study has several limitations. For instance, all of the IPD iso-
lates were obtained from one hospital and the situation of antibi-
otic usage was very unclear; thus, leading to bias and affecting
the results of this study. In addition, only a small sample size of
isolates was used in this study. Therefore, isolates from more pedi-
atric patients should be included.

5. Conclusion

In summary, our current study provided updated information
and changing trends in antimicrobial resistance, serotype distribu-
tion, and MLST of IPD isolates from children in Southern China
before the introduction of PCV13 in China. The data showed a high
prevalence of PCV13 serotypes in Shenzhen. Selective antibiotic
pressure is one of the important factors that caused the spread of
penicillin-resistant serotypes in China. Based on our results, the
introduction of PCV13 and strict control of the use of antibiotics
in China can reduce IPDs and the prevalence of penicillin-
resistant S. pneumoniae in China. Because S. pneumoniae is a
remarkably adaptable pathogen, we need to continuously monitor
the trends in the isolates of IPDs after the introduction of PCV13 in
China.
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