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Abstract

Objectives This study aimed to review and report the serotype distribution and antimicrobial resistance patterns of invasive
pneumococcal disease (IPD) isolates, as this information is important for policy making since China has not adopted any
pneumococcal vaccines in the national immunization schedule.

Methods A systematic review of the published literature from January 2000 to December 2018 was performed to identify articles
that describe the serotype and/or antimicrobial resistance patterns of IPD cases in children in mainland China. Analysis of the
extracted data was performed with the Microsoft Excel spreadsheet program. The percentage of the serotypes was calculated by
dividing the number of isolates for each serotype with the total number of isolates included in all the studies. The theoretical
impact of the vaccine was estimated by calculating the percentage of isolates that exhibited the serotypes included in the vaccines.
The prevalence of antimicrobial resistance was defined as the number of isolates that were resistant divided by the total number of
isolates tested for resistance to the specific antimicrobial agent.

Results Forty-two articles were screened in the preliminary search, of which sixteen fulfilled inclusion criteria and were included
in the final analysis. The predominant serotypes were 19A, 19F, 14, 23F, and 6B, and the estimated impact of PCV 13 was 90.4%.
The isolates exhibited a high frequency of resistance to cefuroxime, cefaclor, and erythromycin.

Conclusions It is necessary for Chinese children to receive PCV13. Clinical workers should pay attention to the high frequency of
resistance to antimicrobial agents.

Keywords Antibiotic resistance - Children - Invasive pneumococcal disease - Pneumococcal conjugate vaccine - Serotype

Introduction and meningitis that are responsible for the life-threatening
morbidity and mortality in children worldwide. Invasive
Streptococcus pneumoniae is the leading cause ofa wide spec- ~ pneumococcal disease (IPD), diagnosed as isolation of

trum of serious invasive diseases, such as bacteremia, sepsis, S. pneumoniae from a normally sterile body fluid, is a signif-
icant threat to children’s health, especially those infections
caused by antibiotic-resistant strains.

There are more than 90 serotypes of S. pneumoniae. The 7-
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children had received PCV7 in 2011 [16]. PCV13 was ap-
proved in China in November 2016, but it has not been widely
used due to its high price. Another 23-valent pneumococcal
polysaccharide vaccine (PPV23: 1,2, 3, 4, 5, 6B, 7F, §, 9N,
9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F,
23F, and 33F) is available in China for children older than
2 years. The uptake of the vaccines is concentrated in urban
areas and available only to those whose parents can afford to
pay for them. Reports on vaccination data are scarce, and the
vaccine coverage is not clear.

In China, data for IPD and studies on IPD isolates are rare
because of the low positive culture rate caused by inappropri-
ate use of antibiotics and difficulties in culturing [17-19]. The
present study aimed to review and summarize the serotype
distribution and antimicrobial resistance patterns of IPD
strains from children in mainland China to fill in the knowl-
edge gaps and provide basic information for the pneumococ-
cal vaccination strategy.

Methods
Literature search

We performed a systematic literature review of the published
literature from January 2000 to December 2018 to identify
articles that describe the serotype and/or antimicrobial resis-
tance patterns of IPD cases in children in mainland China.
Articles published in English or Chinese were included, with
the following literature databases searched: PubMed, Google
Scholar, China National Knowledge Internet (CNKI), and Wan
Fang database. The search terms were “invasive pneumococcal
disease” or “invasive pneumococcal isolates/strains” or “IPD”
and “serotype” or “antimicrobial resistance/susceptibility” and
“China” or “Chinese” and “child” or “children.”

Inclusion and exclusion criteria

We included observational hospital-based studies (prospective and
retrospective) reporting data on serotypes and/or antimicrobial re-
sistance patterns of pediatric IPD strains from mainland China.

Inclusion criteria: (a) Study sites were in mainland China
(Hong Kong, Macao, and Taiwan were not included); (b) the
population was children, or data for adults and children could
be separated; (c) the sources of the specimens had to be clearly
stated and had to be invasive S. pneumoniae strains; (d)
Quellung reaction alone was used for serotyping; and (e) an-
timicrobial resistance testing method and the susceptibility
judgment criteria used had to be clearly described.

Exclusion criteria: (a) The article type was a review or case
report; (b) the isolates were duplicates; (c) only a portion of
the strains were tested for serotypes or antibiotic susceptibili-
ty; (d) studies that provided data on only serogroups instead of
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serotypes; (e) only frequency of nonsusceptibility was report-
ed without a resistance rate; and (f) the antibiotic resistance
judgment criteria were not based on those developed by the
CLSI in or after 2008.

Data collection and extraction

The full texts included were read, and structured model tables
were developed in Microsoft Excel spreadsheet and used to
record the extracted information for the following variables:
study period, geographical region, age of the children, number
of strains, specimen sources, serotypes isolated, coverage rate
of vaccines, judgment criteria, and frequency of resistance to
common antimicrobial agents (penicillin, amoxicillin,
amoxicillin-clavulanic acid, cefepime, cefotaxime,
cefuroxime, ceftriaxone, cefaclor, imipenem, meropenem,
and erythromycin).

Data analysis

Analysis of the extracted data was performed with the
Microsoft Excel spreadsheet program. The percentage of the
serotypes was calculated by dividing the number of isolates
for each serotype by the total number of isolates included in all
the studies. A predominant serotype was defined as the sero-
type that had a distribution percentage greater than 5% of the
total isolates. The theoretical impacts of PCV13 and PPV23
were estimated by calculating the percentage of isolates that
expressed the serotypes included in these two vaccines.
Serotype coverage calculation was performed whenever pos-
sible by using only the serotypes within the vaccine and with-
out taking into account potential serogroup cross-protection as
the basecase. The prevalence of antimicrobial resistance was
defined as the percentage of isolates that were resistant divid-
ed by the total number of isolates tested for resistance to the
specific antimicrobial agent.

Results
Data review

We screened 42 articles in our preliminary search, of which 16
studies [17, 20-34] fulfilled inclusion criteria and were includ-
ed in the final analysis (Fig. 1). Among them, 4 studies only
focused on only serotypes [20-23], 6 reported only antibiotic
resistance patterns [29—34], and the other 6 recorded both
serotypes and antibiotic resistance profiles [17, 24-38]. Of
these, 7 articles [17, 20, 24-27, 29] were published in
English, and 10 [21-23, 28, 30-34] were reported in
Chinese language journals.

All of the studies used culturing for isolation of the organ-
ism from blood, CSF, and other sterile body fluid samples.
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Fig. 1 Selection process for
inclusion of articles in the final
analysis of the review
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Records screened in Chinese
(n=31)
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The basic information of the 16 articles is listed in Table 1.
Table 2 summarizes the serotype characteristics and the vac-
cine coverage rates of the literature, and Table 3 summarizes
the reported frequency of resistance to tested drugs.
Resistance data in reference [27] were not included in the
analysis because CLSI 2006 recommendations were used as
the antibiotic resistance judgment criteria in this paper.

Serotype distribution and proportion of vaccine
serotypes

A total of 942 isolates were included in the 10 studies
reporting serotypes. The predominant serotypes were 19A
(215, 22.8%), 19F (195, 20.7%), 14 (185, 19.6%), 23F (89,
9.4%), and 6B (79, 8.4%).

The theoretical impact of PCV13 was 90.4% (852/942). As
shown in Table 2, only 8 studies involving 585 isolates report-
ed the PPV23 coverage rate, and the proportion of PPV23
serotypes was 92.0% (538/585).

Antimicrobial resistance

The 11 articles reporting antibiotic resistance patterns in-
volved 868 isolates, and all of the isolates were tested for
resistance rates to penicillin and erythromycin. The number
of isolates tested for resistant to amoxicillin, amoxicillin-
clavulanic acid, cefepime, cefotaxime, cefuroxime, ceftriax-
one, cefaclor, imipenem, and meropenem were 332 (5 arti-
cles), 498 (5 articles), 132 (2 articles), 370 (6 articles), 431

(4 articles), 684 (7 articles), 87 (1 article), 432 (4 articles), and
255 (3 articles), respectively. Figure 2 shows the resistance
frequency profiles for these common antibiotics.

Discussion

In this review, we have shown that the most frequent serotypes
obtained from Chinese children with IPD were 19A, 19F, 14,
23F, and 6B. Together, these five serotypes constituted 81.0%
of all strains. The result was in congruence with the previously
published systematic reviews conducted in China, focusing on
IPD and non-IPD strains [35, 36]. Four of the five predomi-
nant serotypes reported were also found in other regions, with
differences in the order of prevalence and in a few serotypes.
In a systematic review implemented in India, serotypes 14, 1,
19F, 6B, 5, 6A, 9V, and 23F were the most common serotypes,
accounting for 65.5% of all IPD strains from children <5 years
old [37]. The result from India was consistent with systematic
reviews, in which authors have also identified seven serotypes
(1, 5, 6A, 6B, 14, 19F, 23F) to be the most common world-
wide and in the South Asian region [38, 39].

The effectiveness of PCV 13 in reducing the morbidity and
mortality of IPD has already been demonstrated in either high-
income countries [5, 40, 41] or middle- and low-income re-
gions [6, 7, 42]. This review revealed that the theoretical im-
pact of PCV13 on IPD strains from Chinese children was as
high as 90.4%. Serotype 19A, which emerged as a predomi-
nant serotype in countries where PCV7 or PCV10 was
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Table 1  Basic information of the studies included

References Study period Location in China Age No. of strains Specimen sources

(years or months)

[17] 20062008 Multi-left” <14 years 171 Blood, CSFY, PLS, arthroedema

[20] 2000.01-2014.08 Shenyang, Liaoning <14 years 256 Blood, CSF, PL, ascites, arthroedema

[21] 2007.01-2010.12 Nanjing, Jiangsu NR® 48 Blood, CSF, PL, fester, ascites

[22] 2010.02-2013.08 Shenzhen, Guangdong <14 years 76 Blood, CSF, PL, fester

[23] 2009.01-2013.12 Nanjing, Jiangsu NR 51 Blood, CSF, PL, arthroedema,
hydropericardium

[24] 2011.10-2014.05 Wenling, Zhejiang 0-107 months 67 Blood, CSF, PL, ascites

[25] 2012.04-2017.03 Beijing <14 years 111 Blood, CSF, PL, fester, subdural
effusion, bone marrow

[26] 2009.01-2012.08 Shenzhen <14 years 87 Blood, CSF, PL, fester, ascites,
arthroedema, broncho-alveolar lavage

[27] 2005.01-2006.12 Multi-left® <5 years 31 Blood, CSF, PL

28] 2013.01-2016.04 Beijing <14 years 30 Blood, CSF, PL, fester, ascites, bone marrow

[29] 2008.01-2017.12 Shanghai; < 14 years 123 Blood, CSF, PL

Lanzhou, Gansu

[30] 2008.06-2014.03 Chengdu, Sichuan NR 14 CSF

[31] 2010.10-2014.10 Chongging 3 months—14 years 102 Blood, CSF, PL, subdural effusion

[32] 2007.04-2011.06 Shenzhen, Guangdong NR 63 Blood

[33] 2005.01-2011.12 Shanghai NR 62 Blood, CSF, PL, ascites

[34] 2004.01-2011.03 Suzhou, Jiangsu 2 months—12 years 38 Blood, CSF, PL

# This multi-left study involved 11 cities in 10 provinces: Beijing; Tianjin; Shenyang, Liaoning; Shanghai; Nanjing, Jiangsu; Suzhou, Jiangsu; Wenzhou,
Zhejiang; Hefei, Anhui; Shenzhen, Guangdong; Xinjiang; Chonggqing

® This multi-left study involved 8 cities in 8 provinces: Beijing; Shanghai; Shenzhen, Guangdong; Chengdu, Sichuan; Nanjing, Jiangsu; Wuhan, Hubei;
Shenyang, Liaoning; Hangzhou, Zhejiang

¢ NR, pediatric patients, but the accurate age information was not reported
d CSF, cerebrospinal fluid
¢ PL, pleural fluid

Table 2 Summary of serotype characteristics of studies related to serotype researches

Vaccine
serotypes (%)

References Serotypes (%)

PCV13 PPV23

[17] 14 (20.5%), 19A (19.3%), 19F (17.0%), 6B (9.4%), 23F (7.6%), 18C (4.1%), 1 (3.5%), 6A (2.9%), 90.1% 90.1%
5(2.3%), 9V (1.8%), 3 (1.2%), 8 (1.2%), 18* (1.2%), 34 (1.2%), 11A (0.6%), 11B (0.6%), 12A
(0.6%), 15B (0.6%), 17A (0.6%), 18F (0.6%), 24F (0.6%), 7C (0.6%), TF (0.6%), ON (0.6%), 16 (0.6%), 29 (0.6%)
[20] 19A (35.9%), 14 (17.2%), 19F (16.0%), 6B (9.0%), 23F (8.2%), others® (13.7%) 93.8% -
[21] 19F (27.1%), 19A (22.8%), 14 (18.7%), 9V (8.3%), 6B (6.3%), 23F (6.3%), TF (4.2%), 8 (2.1%), NT® (4.2%) 937% 95.8%
[22] 19F (31.58%), 19A (22.37%), 14 (15.79%), 9V (7.89%), 6B (6.59%), 23F (6.59%), TF (3.95%), 8 (2.63%), NT (2.63%) 94.7%  97.4%
[23] 19F (27.45%), 19A (19.61%), 14 (17.65%), 9V (9.81%), 6B (7.84%), 23F (7.84%), TF (5.88%), 8 (1.96%), NT (1.96%) 96.1%  98.0%
[24] 23F (22.4%), 14 (20.9%), 6B (17.9%), 19F (9.0%), 19A (9.0%), 5 (7.5%), 9V (4.5%), 19B (3.0%), UT* (6.0%) 91.0% 91.0%
[25] 19F (22.5%), 19A (17.1%), 14 (16.2%), 23F (13.5%), 6B (9.0%), 6A (4.5%), 9V (3.6%), 5 (1.8%), 90.1% 89.2%
15B (1.8%), 24B (1.8%), 6C (1.8%), 3 (0.9%), 4 (0.9%), 8 (0.9%), 11A (0.9%), 15C (0.9%), 19B (0.9%), 24F (0.9%)
[26] 19F (28.7%), 14 (25.3%), 23F (11.5%), 19A (9.2%), 6B (6.9%), others (18.4%) 89.7% -
[27] 19A (29.0%), 19F (22.5%), 14 (12.9%), 5 (9.7%), 11A (6.5%), 23F (3.2%), others (16.2%) 774% 83.9%
[28] 19F (36.7%), 19A (33.3%), 14 (13.3%), 23F (6.7%), 6A (6.7%), 11A (3.3%) 96.7% 93.3%

#The isolates were identified as serogroup 18, but could not be confirmed as one of type 18A, 18B, and 18D in that study
® Others, the list and the number of the serotypes were not reported

¢ NT, non-typable serotype

4 UT; these isolates were undifferentiated types as this study only identified serotypes covered by PPV23, 6A, and 23A
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adopted for routine children vaccination [43—45], was the
most important serotype in Chinese children, accounting for
nearly one-fifth of the IPD strains. In general, countries that
later included PCV13 into their national immunization pro-
gram were able to reduce diseases caused by serotype 19A
[45, 46]. All of these results highlighted the importance and
necessity of vaccination with PCV13 for Chinese children.

Worldwide, reports on antibiotic resistance of
S. pneumoniae isolates have been increasing sharply in
recent decades. Prior antibiotic exposure among young
children is a dominant risk factor associated with anti-
biotic resistance. The CLSI revised the breakpoints for
penicillin in 2008. Before 2008, the breakpoints were
sensitive, <0.06 pg/mL; intermediate, 0.12~1.00 pg/
mL; and resistant: >2.00 pg/mL [47]. After 2008, the
breakpoints for nonmmeningitis isolates were sensitive,
<2 pg/mL; intermediate, 4 pg/mL; and resistant, >
8 wg/mL; and for meningitis isolates, sensitive, <
0.06 pg/mL and resistant, >0.12 pg/mL [48]. In the
Asian Network for Surveillance of Resistant Pathogens
(ANSORP) report [49], following the revised CLSI
breakpoints, the prevalence of penicillin resistance for
nonmmeningitis strains was 0.7% and for meningitis
isolates was 57.7%. In the included twelve articles
[17, 24-34], only four separately reported penicillin re-
sistance rates of meningitis and nonmmeningitis isolates
[17, 24-26] and the data were consistent with the re-
sults from ANSORP [49]. Actually, it is important for
researchers and clinical workers to distinguish specimen
types and resistance patterns for meningitis and
nonmmeningitis isolates.

Among the (3-lactam drugs, third-generation cephalospo-
rins are considered to be the best alternative for the treatment
of infections caused by penicillin-resistant S. pneumoniae.
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Antibiotics

However, the present review showed a high resistance rate
to cefaclor, which is a third-generation cephalosporin com-
monly used in China. Our review also highlighted the high
resistance of pneumococci to cefuroxime and erythromycin,
although the resistance rate varied slightly by region. The
serious resistance phenomenon may be related to the abuse
of antibiotics. In China, a campaign to overhaul the clinical
use of antibiotics around the country has been initiated since
2011, and the government has made great efforts to control the
abuse of antibiotics. However, the abuse of antibiotics is still
serious, and antimicrobial resistance remains high. Therefore,
it is critical for China to implement more effective policies to
control the abuse of antibiotics.

Our review is an integrated summary of the IPD isolates
collected from children in mainland China, which involves
studies from 2000 to 2018. Some limitations should be real-
ized for further studies. Only 16 articles were qualified for
review, which is a small number compared with the vast land
area and huge population base. Furthermore, among these 16
articles, not all of them analyzed the antimicrobial resistance
data as expected. However, given that these studies were con-
ducted in cities with large populations in China, the results are
of great value for vaccine policy decisions.

Conclusions

The present review summarized the distribution of sero-
types, theoretical impact of the vaccine, and resistance
profiles to common antibiotics of IPD isolates from chil-
dren in mainland China. Our results showed that a large
proportion of IPD cases are caused by serotypes that are
included in PCV13, so it is necessary to introduce PCV13
into the Chinese national immunization plan. Our review
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also highlights the high resistance of pneumococci to
cefuroxime, cefaclor, and erythromycin, although the fre-
quency of resistance varied slightly by region.
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