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Abstract

Background: To explore the overall prevalence and serotype distribution of nasopharyngeal carriage of
Streptococcus pneumoniae(S. pneumoniae) among healthy children.

Methods: A search for pneumococcal nasopharyngeal carriage studies including children published up to July 31th,
2016 was conducted to describe carriage in China. The review also describes antibiotic resistance in and serotypes of S.
pneumoniae and assesses the impact of vaccination on carriage in this region. Summary measures for overall prevalence,
antibiotic resistance, and serotype distributions extracted from the analyzed data were determined with 95% confidence
intervals (Cls) using random-effects models. Heterogeneity was assessed using F test statistics.

Results: Thirty-seven studies were included in this review, and the majority of studies (64.9%) were located in the
pre-introduction period of 7-valent pneumococcal conjugate vaccine (PCV7) in China. The pooled prevalence of S.
pneumoniae nasopharyngeal carriage was 21.4% (95% Cl: 18.3-24.4%). Carriage was highest in children attending
kindergartens [24.5%, (19.7-29.3%)] and decreased with increasing age. Before the introduction of PCV7 into China, the
prevalence of S. pneumoniae nasopharyngeal carriage was 25.8% (20.7-30.9%), the pooled carriage of S. pneumoniae
sharply dropped into the 14.1% (11.3-16.9%) by PCV7 vaccination period (P < 0.001). Before the pneumococcal conjugate
vaccine (PCV) was introduced in China, the penicillin resistance rate in S. pneumoniae isolated from healthy children was
31.9% (21.2-42.6%); however, this rate sharply decreased after the introduction of PCV7 in China [21.6%, (7.4-35.9%)], and
the difference between the rates during these two time periods was statistically significant (P value <0.05). Serotypes 19F,
6A and 23F were the most commonly isolated. Meta-analysis of data from young children showed a pooled rate estimate
of 46.6% (38.8-54.4%) for PCV7 vaccine coverage and 66.2% (58.6—73.8%) for PCV13 vaccine coverage.

Conclusions: The prevalence of nasopharyngeal carriage among children was high in China. PCV7 immunization was
found to be associated with reduction of nasopharyngeal colonization of S. pneumoniae. Conjugate vaccination coverage
was slightly affected by the introduction of PCV7 into China because of low vaccination rate. The government should
implement timely adjusted conjugate vaccination strategies based on our findings.
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635 potentially relevant studies were included

283 were excluded

25 were duplicated
4 from Hongkong
1 from Taiwan

76 were reviews

177 were irrelevant references after

| 352 studies were included

| read the abstract

179 were excluded

24 were doctor’s theses

123 were master’s theses
8 were conference references

| 173 studies were included

| 24 were newspaper articles

136 were excluded

42 were referred to antibiotic
resistance test of strep. pneumonia

94 were referred to infections cause

37 studies were included

| by strep. pneumonia

Fig. 1 Flow chart of the study selection process

J

Background

Streptococcus pneumoniae (S. pneumoniae) is a major
pathogen that can cause invasive pneumococcal disease
(IPD) and respiratory tract infections and result in high
morbidity and mortality. The World Health Organization
has reported that nearly 500,000 children under 5 years
of age are infected by S. pneumoniae annually, and the
vast majority of these infections occur in developing
countries [1]. Asymptomatic nasopharyngeal carriage of
S. pneumoniae is an essential element of the transmis-
sion of pneumococcal disease [2], a prerequisite for the
occurrence of invasive pneumococcal disease, and a
known risk factor for subsequent acute and recurrent
otitis media [3, 4].

The prevalence of nasopharyngeal pneumococcal car-
riage has been found to vary in different countries and
regions [5]. Because S. pneumoniae carriage is more com-
mon than the S. pneumoniae disease, it is important to
investigate carriage status to evaluate the effect of new
pneumococcal vaccines [6]. When the 7-valent pneumo-
coccal vaccine was introduced in mainland China, the
invasive pneumococcal disease burden decreased sharply,
especially disease caused by the vaccine type (VT) sero-
types; this decrease was accompanied by an increase in
non-vaccine type (NVT) serotype, particularly serotype
19A, as previously seen in Europe [7, 8].

This systematic review was conducted to describe
the nasopharyngeal carriage status of S. pneumoniae
in healthy children, describe the major serotypes of S.
pneumoniae, and evaluate the impact of pneumococ-
cal vaccination on the coverage of PCV7.

Methods

Literature search

The following databases were searched for relevant
articles through July 31, 2016 without language limita-
tions: PubMed, Web of Science, EMBASE, CNKI, and
WANFANG database. Keywords used for this search

were: (“China” OR “Chinese”), (“nasal” OR “nasopha-
ryngeal” OR “oropharyngeal”), (“children” OR “pediatric”
OR “paediatric”), (“carriage” OR “colonization” OR “col-
onisation”) “Streptococcus pneumoniae”, “serotypes”,
“pneumococcal vaccine”.

Inclusion and exclusion criteria

Studies were required to meet the following criteria for
inclusion in this meta-analysis: (1) subjects were healthy
children, (2) samples were collected from nasopharyn-
geal or oropharyngeal swabs, (3) studies focused on non-
vaccination group and (4) sufficient information was
provided to compute positive carriage rates and their
95% confidence intervals (Cls). Exclusion criteria were
as follows: (1) if a study included both adults and children,
only children data were enrolled, (2) studies reporting
clinical infectious diseases caused by S. pneumoniae, (3) if
studies included both vaccinated and non-vaccinated
children, only non-vaccinated data were enrolled, (4)stu-
dies with a lack of sufficient baseline information to com-
pute carriage rates and their 95ClIs, (5) review studies, or
conference studies or newspaper articles, (6) studies de-
termining antibiotic resistance rates without carriage data,
or studies were referred to infections rather than colo-
nization, and (7) duplicate reports.

Data extraction

Two reviewers (LW and JF) independently identified
and extracted the following data: first authors, sam-
ple year, study location, study population, number of
participants, number of participants with pneumo-
coccal carriage, pre/post vaccination period, vaccin-
ation history, type of swabs, immediately incubated
into plates or not, transportation period, culture
plates, culture into the 5% CO, or not, identification
methods, serotyping methods, storage medium, rates
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Table 1 The characteristic of the included studies

Author Sample Location Population Pre/post Vaccination Number of ~ Number of participants Quality
year vaccination  history participants ~ with pneumococcal carriage  scores

period

Guoling Ping 2009 Beijing 12-18 months ~ Post No 600 47 17

(1]

Yakun Liu [12] 2005 Hubei kindergarten Pre No 297 78 12

Yan Kang [13] 2010 Heilongjiang  kindergarten Post N/A 100 23 13

Liping Zhang 20M Donguan 12-18 months ~ Post No 600 115 14

[14]

Hongmei Yang 20Mm Hubei kindergarten & Post N/A 301 66 14

[15] > 5 years

Fan Yang [16] 1997-1998  Shanghai kindergarten Pre No 791 222 14

Yali Liu [17] 2009 National 12-18 months ~ Post No 3635 451 15

Hao Li [18] 2000 Heinan kindergarten Pre No 571 151 12

Xiyuan Zhao 2005 Zhongshan  >5 years Pre No 327 25 11

[19]

Ancun Hou [20] 1995-2000 Beijing All age groups  Pre No 307 57 16

Jun Liu [21] 2005 Shenyang kindergarten Pre No 110 14 11

Fugin Li [22] 2005 Hebei kindergarten Pre No 100 24 12

Jianping Liang 2003 Guangdong  kindergarten Pre No 186 61 12

[23]

Mingzhi Di [24] 2010 Beijing All age groups  Post 1.8%vaccinated 221 45 17

Yongming He 2005 Guangdong  kindergarten Pre No 350 121 12

[25]

Chunzhen Hua 2004 Zhejiang kindergarten Pre No 1220 67 14

[26]

Sangjie Yu [27] 2000 Beijing kindergarten Pre No 502 190 19

Ziyong Sun 2007 Wuhan kindergarten Pre No 605 135 16

[28]

Hong Zhou 2002 Guangdong  kindergarten Pre No 150 35 15

[29]

Lihua Zhang 2005 Guangdong  kindergarten Pre No 344 132 13

[30]

Hui Wang [31] 1999 Beijing kindergarten Pre No 985 244 16

Hui Chen [32] 2010 Guangdong  kindergarten Post N/A 120 16 15

Jing Zhang 2004 Wuhan kindergarten Pre No 469 116 14

[33]

Aiying Bai [34] 2010 Shandong 12-18 months  Post No 611 57 16

Zhipeng Gao 2012 Beijing kindergarten Post Half vaccinated 472 103 18

[35]

Benquan Wu 2000 Guangdong  kindergarten Pre No 220 53 17

[36]

Lihua Jiang 2014 Guangxi kindergarten & Post N/A 1475 148 18

[37] > 5 years

Zhigang Lai 2006 Guangdong  kindergarten Pre No 344 132 15

[38]

Defeng Zhao 2009 Wuhan 12-18 months  Post No 596 75 18

[39]

Youqun Zeng 2003 Chongging  All age groups  Pre No 400 76 12

[40]

NY Lee [41] 1998-1999  Beijing kindergarten Pre No 267 100 17

Jiayu Hu [42] 2009 Shanghai 12-18 months  Post No 614 102 18
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Table 1 The characteristic of the included studies (Continued)

Author Sample Location Population Pre/post Vaccination Number of ~ Number of participants Quality
year vaccination  history participants  with pneumococcal carriage  scores

period

Xiaoming Luo [43] 2002 Guangdong  All age groups  Pre No 199 60 12

Yanhui Liu [44] 2006 Guangdong  kindergarten Pre No 400 138 11

Yanjie Liu [45] 2007 Liaoning kindergarten Pre No 130 17 10

Xinghua Cao [46] 2012 Heilongjiang  kindergarten Post N/A 345 9 12

Dongke Chen [47] 1999 Beijing kindergarten Pre No 156 56 12

of antibiotic resistance, and prevalence of S. prneumo-
niae serotypes and their corresponding 95% Cls.

Quality assessment

The quality of included studies was assessed in ac-
cordance with the STROBE statement [9], studies

with scores <8 were excluded from the systematic

review.

Statistical analysis

STATA version 10.0 was used to perform the statistical
analyses. DerSimonian and Laird random-effects models
(REM) were used to pool the data. Funnel plots were

f N
sample Percent of %
authoe ocation yoar 2QeQTLD n SPEs%C) Weight
Ping GLI11]  Bailing 2009 12-12 montrs 47 &0 - 1 0.02 (0.06,0.10) 270
UL YKNZ] Mo 2005 Kincemanen 78 297 :4- 026021.031) 255
Karg YI13]  Helongiiang 2010 Kingematen 23 100 —— 023(0.15.031) 2228
Znanq LP14] Guangoceq 2011 Kingemarten 115 €00 - 0.19(0.16.022) 286
Yang HM{15] Hubel 2011 Kingemarten 0 197 —— 025(0.19.031) 247
Yang HM{15] Hubel 2011 25 yoams 16 104 —4—: 0.15(0.08.022) 240
YarqgF{16]  Shanghal  1957-195€  kindemasten 222 791 | - 022(0.25.031) 266
LuYLI71  Nation 2009 12-18 montha 451 3835 . 0.12(0.11,0.13) 273
U 1 reran 2000 Kincemanten 151 571 :-0- 026 (0.23.030) 264
Zna0 XY[19]  Guangdong 2005 25 yoams 25 327 -+ 0.08 (0.05,0.11) 267
Hou ACI20]  Bailing 19952000 mixed 3g childen 57 307 - 0.19(0.14,023) 259
Us J211 Uscaing 2005 Kingenaten 14 110 — | 0.13(0.06,0.19) 248
UFORZ] M 2005 Kircemanen 24 100 —:0— 02410.16.032) 227
Uang JP[23] Guangdonq 2003 Kingomanten 61 188 | —— 0.33(0.26,0.40) 241
D6 MZ24) Bailing 2010 mixed age chilcren 45 217 — 021 (0.15,0.26) 252
HoYM2S]  Guangdong 2005 Kireemaen 121 3% | 0.35(0.30,040) 255
HaCHze]  2wilang 2004 Kincematen 67 1220 L] : 005(0.04,007) 273
Yu SJE27 Baiiing 2000 KinCemanen 150 s02 | - 032(034,042) 260
SunZV28]  Hudel 2007 Kircemanen 135 €05 - 022(0.19,026) 265
ZouHZe]  Guangionq 2002 Kircemanen 3 150 —IO-— 02310.17.030) 241
Znanq LI30] Guangdcnq 2005 kincemanen 132 342 . 033033 0.44) 254
WarqHi31]  Bailing 1999 Kincenganen 244 s [ 025(022.027) 268
Cren H32]  Guangdong 2010 Kincematen 16 120 —— | 0.13(0.07,0.19) 247
Zang JI33]  Hubel 2004 Kincogaten 116 489 1" 025021,029) 262
Bai AY[34]  Shandong 2010 12-18 montrs 57 &1 - : 009 (0.07.0.12) 270
G ZP[5]  Baiiing 2012 Kingemanen 53 237 —— 0220.17,028) 253
Wu BOES] Guangscng 2000 Kindematen 53 220 —— 0240.18.030) 250
Jianq LHT]  Guangx 2014 Kindemarten 25 24 - : 0.12(0.10.0.15) 269
Jiang LH37]  Guang 2014 25 yoars 63 791 - 1 0.02 (0.06,0.10) 271
L3 2G038] Guangdonq 2006 Kincematen 132 344 1 — 032 (033.044) 254
ZeoDFEY  Hubel 2009 1218 montrs 75 5% - ! 0.13(0.10.0.15) 2868
Zang YOI40] Chooguing 2003 mixed 3ge childen 76 400 -#: 0.19(0.15,023) 263
NY Leoid1]  Beiling 1958-1999  kindenmaten 100 267 | —— 037 (0.32,0.43) 249
HiJY[4Z]  Shanghai 2009 12-18 montns 102 614 -! 0.17 (0.14,020) 267
Luo XMI43]  Guangorq 2002 mixed 3o childen €0 198 : — 030(024.037) 244
UuYHH44]  Guangdonq 2006 Kincemasten 132 400 . 034 (0.30.039) 257
Liu YJ45] Uaoning 2007 Kincegnen 17 130 — | 0.13(0.07.0.19) 249
CaoXH4E]  Hoilongiiang 2012 Kingemarten 9 35 * ! 003(0.01,004) 272
Chen DKI47]1  Baiiing 1999 Kingenganen 56 156 i 035(022,043) 234
Overall flequared = 97.3%, p = 0.000) é 0210.18,023) 10000
NOTE: Weights ane fom madom eMects analysis :
|
[} 5
Fig. 2 The pooled rate of nasopharyngeal carriage of Streptococcus pneumoniae
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Table 2 Characteristics of sampling, culture and serotyping techniques
Author Type of Immediately incubated Transportation Culture plates Culture into  Identification Serotyping Storage
swabs into plates or not period the 5% CO, methods methods ~ medium
Guoling Ping [11] NP Yes 4h 5% sheep Yes Latex N/A Skim milk
blood agar agglutination powder
Yakun Liu [12] NP Yes 4 h 5% sheep Yes Optochin disk ~ N/A N/A
blood agar +bile solubility
Yan Kang [13] NP Yes 4 h TSA + 5% Yes Optochin disk ~ N/A N/A
sheep blood +bile solubility
+ 5 pg/ml
gentamicin
Liping Zhang [14] NP Yes 4h 5% sheep Yes Latex N/A N/A
blood agar agglutination
Hongmei Yang [15] NP Yes 4h 5% sheep Yes PCR N/A Skim milk
blood agar powder
Fan Yang [16] NP Yes 4 h TSA + 5% Yes Optochin disk  Quellung ~ Sheep and
sheep blood +bile solubility broth
+ 5 pg/ml
gentamicin
Yali Liu [17] NP Yes 4h 5% sheep Yes Optochin disk  Quellung  Skim milk
blood agar +bile solubility powder
Hao Li [18] NP Yes 4 h TSA + 5% Yes Latex N/A Glycerol
sheep blood agglutination broth
+ 5 pg/ml
gentamicin
Xiyuan Zhao [19] NP Yes 05h TSA + 5% Yes Optochin disk ~ N/A N/A
sheep blood +bile solubility
+ 5 pg/ml
gentamicin
Ancun Hou [20] NP Yes 4h 5% sheep Yes Optochin disk ~ N/A N/A
blood agar +bile solubility
Jun Liu [21] NP Yes 4h TSA + 5% Yes Optochin disk ~ N/A N/A
sheep blood +bile solubility
+ 5 pg/ml
gentamicin
Fuqin Li NP Yes 4h TSA + 5% Yes Optochin disk ~ N/A N/A
[22] sheep blood +bile solubility
+ 5 pg/ml
gentamicin
Jianping Liang [23] NP Yes 4h TSA + 5% Yes Optochin disk ~ N/A N/A
sheep blood +bile solubility
+ 5 pg/ml
gentamicin
Mingzhi NP Yes 4 h TSA + 5% Yes Latex N/A N/A
Di [24] sheep blood agglutination
+ 5 pg/ml
gentamicin
Yongming NP Yes 4 h TSA + 5% Yes Latex N/A Skim milk
He [25] sheep blood agglutination powder
+ 5 pg/ml
gentamicin
Chunzhen NP Nutrition broth 4h TSA + 5% Yes Latex N/A N/A
Hua [26] then subculture sheep blood agglutination
+ 5 pg/ml
gentamicin
Sangjie Yu [27] NP Nutrition broth 4h TSA + 5% Yes Optochin disk ~ Quellung  N/A
then subculture sheep blood +bile solubility
+ 5 pg/ml
gentamicin
Ziyong Sun [28] NP Yes 4h 5% sheep Yes Optochin disk ~ Quellung ~ N/A

blood agar

+bile solubility
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Table 2 Characteristics of sampling, culture and serotyping techniques (Continued)

Page 6 of 14

Author

Type of Immediately incubated Transportation Culture plates

Culture into

|dentification

Serotyping Storage

swabs into plates or not period the 5% CO, methods methods ~ medium

Hong Zhou [29] NP Yes 4h TSA + 5% Yes Optochin disk ~ N/A Skim milk
sheep blood +bile solubility powder
+ 5 pg/ml
gentamicin

Lihua Zhang [30] NP Yes 4 h 5% sheep Yes Latex N/A N/A
blood agar agglutination

Hui Wang NP Yes 4h TSA + 5% Yes Optochin disk ~ Quellung  Skim milk

[31] sheep blood +bile solubility powder
+ 5 pg/ml
gentamicin

Hui Chen [32] NP Yes 4 h 5% sheep Yes Optochin disk ~ N/A N/A
blood agar +bile solubility

Jing Zhang [33] NP Yes 4h 5% sheep Yes Optochin disk  Quellung ~ N/A
blood agar +bile solubility

Aiying Bai [34] NP Yes 4h TSA + 5% Yes Optochin disk ~ N/A N/A
sheep blood +bile solubility
+ 5 pg/ml
gentamicin

Zhipeng Gao [35] NP Yes N/A 5% sheep Yes Optochin disk ~ N/A N/A
blood agar +bile solubility

Benquan Wu [36] NP Yes 4h 5% sheep Yes Optochin disk ~ N/A N/A
blood agar +bile solubility

Lihua Jiang [37] NP Yes 4h 5% sheep Yes Optochin disk ~ N/A N/A
blood agar +bile solubility

Zhigang Lai [38] NP Yes 4h 5% sheep Yes Latex N/A N/A
blood agar agglutination

Defeng Zhao [39] NP Yes 4h 5% sheep Yes Optochin disk  Quellung ~ N/A
blood agar +bile solubility

Youqun Zeng [40] NP Yes N/A 5% sheep blood  Yes Optochin disk ~ N/A N/A
agar +bile solubility

NY Lee [41] nasal Yes 4h TSA + 5% sheep  Yes Optochin disk ~ Quellung ~ N/A
blood + 5 pg/ml +bile solubility
gentamicin

Jiayu Hu [42] NP Yes 4h 5% sheep blood  Yes Optochin disk ~ Quellung  N/A
agar +bile solubility

Xiaoming Luo [43] NP Yes N/A TSA + 5% sheep  VYes Optochin disk ~ N/A N/A
blood + 5 pg/ml +bile solubility
gentamicin

Yanhui Liu [44] NP Yes 4 h 5% sheep blood  Yes Latex N/A Skim milk
agar agglutination powder

Yanjie Liu [45] NP Yes 4h TSA + 5% sheep  Yes Optochin disk ~ N/A N/A
blood + 5 ug/ml +bile solubility
gentamicin

Xinghua Cao [46] NP Yes 4h 5% sheep blood  Yes Optochin disk ~ N/A N/A
agar +bile solubility

Dongke Chen [47] NP Yes 05h TSA + 5% sheep  Yes Optochin disk ~ N/A N/A

blood + 5 pg/ml
gentamicin

+bile solubility

NP nasopharyngel swab, TSA Trypticase soy agar, N/A not mentioned or not acquired

used to examine publication bias, which was further
assessed using Egger’s test, with P <0.10 indicating po-
tential bias [10]. Stratified analyses were carried out to
assess the heterogeneity across subgroup defined by age
and PCV7 vaccination period.

Results

Characteristic of included studies
The flow chart in Fig. 1 depicts the selection process for
the included studies. Overall, 614 studies were written in

Chinese, and 21 studies were written in English. By
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p
Parcent of %

authoe ocaton Samployelr IQ0QouD r n SP (5% C1) Weight
PCR
Yang HMI15] Hube 2011 Kirgomanten 0 197 —— 0.25 (0.19, 0.31) 100.00
Subtotal (eQuaned = %, p =) o 0.25 (0.19, 0.31) 100.00
bex
Ping GLI11] Bailing 2009 12-12 montrs 47 &0 - 0.08 (0.06. 0.10) 11.36
U e Horan 2000 Kingematen 151 571 - 0.26 (0.23. 0.30) 11.15
Znang LHE0] Guangdong 2005 Kincemanten 132 344 - 0.32(0.33,0.44) 1084
Hua C28]  2wiiang 2004 Kingenaten 67 1220 * 005004, 007) 1144
Jiang LHI3T] Guangx 2014 25 yoeans 6 791 ‘ + 0.02 (0.06,0.10) 1139
D M23) Beijing 2010 mixed age childrends 217 — 0.21(0.15,0.28) 10.78
He YM[25] Guangdong 2005 kingematen 121 350 — 0.35(0.30, 0.40) 10.87
Znang LP113] Guangocng 2011 Kincongaten 115 €00 - 0.19(0.16,022) 11.23
Uu YH44]  Guangicng 2006 Kinconmaten 132 400 — 0.34 (0.30, 0.39) 1095
Subtotal (lequaned = 58.4%, p = 0.000) o 0.21(0.14, 0.29) 100.00
(==
YuSJR27T  Beiling 150 502 - 032 (0.34,042) 352
G0 ZP[35]  Bailing 53 237 - 022 (0.17. 0.28) 3.42
NY Lecid1]  Bailing 100 267 — 0.37 (0.32, 0.43) 337
Znang J33]  Hubal 116 489 - 0.25(0.21,0.29) 355
Uus YLH7T  Nation 2009 12-18 montrs 451 3835 * 0.12(0.11,0.13) 3.71
Uang JP23] Guangdong 2003 Kincemanten 61 185 —— 0.33 (0.26, 0.40) 325
Lai 2533 Guangaong 2006 Kingomaten 132 344 - 032 1033.044) 344
Hou ACI20]  Baiiing 19952000 mixed age childenST 307 - 0.19(0.14,0.23) 351
Yang HM15] Hubai 2011 25 yoars 16 104 —— 0.15(0.08,0.22) 3.23
U Foz2] Hodai 2005 Kingematen 24 100 — 024 (0.16,0.32) 305

2nQ Y13] 2010 Kindomarten 23 100 — 023 (0.15.0.31) 3.06
Luo XME43] 2002 mixed 300 chidenEl 199 —— 0.30 (0.24, 0.37) 3.30
Lis J211 2005 Kindemarten 14 110 —— 0.13 (0.06, 0.19) 3.32
Warg Hi311  Baiiing 1999 243 ses - 0250022, 027) 364
Cren H{32] Guangdong 2010 Kingematen 16 120 —— 0.13 (0.07.0.19) 333
Znao DF3S]  Hubel 2009 12-12 montrs 75 556 - 0.13 (0.10. 0.15) 364
CaoXHHE]  Heillongiiang 2012 * 0.03 (0.01, 0.04) 369
Zong YOI40] Chongaing 2003 - 0.19 (0.15, 0.23) 356
Chen DKI47] Beiling 1999 —— 036 (0.23,0.43) 3.16
Sun ZV[28]  Hubal 2007 < 13 - 0.22(0.19, 0.26) 360
Bai AYT34] ¢ 2010 12-12 montra 57 611 - 0.09 (0.07,0.12) 366
UuYJH5] Usosing 2007 Kindemasten 17 130 —— 0.13 (0.07. 0.19) 3.37
UsYKHZ]  Hubel 2005 Kindemarten 78 297 — 026 (0.21, 0.31) 345
Znou H29]  Guangdong 2002 Kineenmanten 35 150 — 0.23(0.17.030) 325
HuJY4Z]  Shasghai 2009 12-12 months 102 614 - 0.17 (0.14, 0.20) 363
Jiang LH3T]  Guangx 2014 Kindeganten 85 g4 - 0.12 (0.10,0.15) 365
Znao XY[19] Guangdong 2005 25 years 25 327 - 0.02 (0.05,0.11) 363
WuBOS] Guangdong 2000 Kindenarten 53 220 — 0.24 (0.18, 0.30) 3.33

arQF16]  Shasghai  1997-1968  Kindomarten 222 ™ - 0.22 (0.25. 0.31) 361
Subtotal flequaned = 96.6%., p = 0.000) < 0.21 (0.1, 0.25) 100.00
NOTE: Weights are from mndom eects analysis

| |
("] 5 1
Fig. 3 Identification and confirmation of S. pneumoniae with different methods

reviewing the titles and abstracts, 487 articles were
excluded; by using the inclusion/exclusion criteria, 37
articles were selected for further investigation that in-
cluded a total of 18,881 children. They were all cross-
sectional studies. The main characteristics of the studies
are listed in Table 1. The first study of nasopharyngeal
carriage of S. pneumoniae in healthy children was con-
ducted in two kindergartens in Beijing in 1999. All sam-
ples were from nasopharyngeal and nasal swabs. The
ages of the healthy children included in the studies
ranged from O to 14 years.

Nasopharyngeal carriage rates of S. pneumoniae in
healthy children

A total of 37 studies including 19,120 healthy children
reported nasopharyngeal carriage of S. pmneumoniae.
Among them, 4 children from Di [24] and 235 children

from Gao [35] reported a vaccination history, were all
excluded. Finally, only 3511 colonization were reported
among 18881non-vaccination children, The lowest
prevalence was reported by XH Cao [46], which was
2.6% (0.9-4.3%); the highest prevalence was reported by
ZG Lai [38], which was 38.4% (33.2-43.5%). The pooled
prevalence of nasopharyngeal carriage of S. pneumoniae
in healthy children was 21.4% (18.3-24.4%) (Fig. 2).

Identification and confirmation of S. pneumoniae with
different methods

Table 2 summarizes the methods used to identify and con-
firm the S. pneumoniae strains. Three different methods,
including PCR, optochin disk with bile solubility and latex
agglutination were used. There was no impact on the
prevalence of S. pneumoniae when using three different
identification methods, see Fig. 3.
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g
Percent of %
wthoe 2QeQoLD r n SP ISR O) Weight
12-18 montra y
U YLI71 12-12 mooths 451 3835 . 012(0.11,0.13) 2292
Ping GLI11] 12-12 mootha 47 €00 - 008 (006, 0.10) 2035
Bai AYT34] 12-12 mootrs 57 611 . 009 (007,0.12) 1950
Hu Y2 12-12 mooths 102 614 - 017 (0.14,020) 1799
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Fig. 4 The pooled prevalence of nasopharyngeal carriage of S. pneumoniae distributed by age
J

Nasopharyngeal carriage of S. pneumoniae by age

Figure 4 summarizes the prevalence of nasopharyngeal
carriage of S. pneumoniae in healthy children in different
age groups. Six studies [11, 14, 17, 34, 39, 42] reported
the prevalence of nasopharyngeal carriage of S. pneumo-
niae among children younger than 2 years of age.
Among the 6656 healthy children in this age group, a
total of 847 were identified to be positive for nasopha-
ryngeal carriage of Streptococcus pneumoniae; thus, the
pooled prevalence was 11.7% (9.1-14.2%). Twenty-
seven studies [12-16, 18, 21-33, 36-38, 41, 44—47]
including 10,480 kindergarten children (2-5 years of

age) investigated the prevalence of nasopharyngeal
carriage of S. pmeumoniae. Within these studies, a
total of 2437 children were identified to be positive
for S. pneumoniae carriage, and the pooled prevalence
was 24.5% (19.7-29.3%). Among the 1122 healthy children
who were older than 5 years of age [15, 19, 37], 104 were
identified as S. pneumoniae carriers; therefore, the
prevalence of nasopharyngeal carriage was 8.8% (6.0—
11.5%) in this age group. The prevalence of nasopha-
ryngeal carriage of S. pneumoniae varied between the
three age groups, with the highest rate reported in
kindergarten children (P = 0.002).
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Fig. 5 The pooled prevalence of nasopharyngeal carriage of S. pneumoniae stratified by vaccination period
A\

PCV7 and S. pneumoniae nasopharyngeal carriage
The 7-valent pneumococcal conjugate vaccine was
introduced to China in October 2008, but it has not
yet been included in the Chinese Expanded Program
on Immunizations (EPI) [48]. Unlike the vaccination
in Chinsed EPI schedule, the PCV7 vaccine was not
free to the public and the coverage was estimated as
9.91% [49].

Before the PCV7 was introduced in mainland China, 24
studies [12, 16, 18-23, 25-31, 33, 36, 40, 41, 4345, 47]

had reported the prevalence of nasopharyngeal carriage of
S. pneumoniae; within these studies, the pooled prevalence
was 25.8% (20.7-30.9%), Fig. 5. The prevalence of naso-
pharyngeal carriage sharply declined following the
introduction of PCV7, with a pooled prevalence of
14.1% (11.3-16.9%) identified in studies conducted
post-PCV7 introduction [11, 13-15, 17, 24, 32, 34,
35, 37, 39, 42, 46]. There was a highly significance
differences in the prevalence between these two time
periods (P<0.001). In kindergarten children, before the
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pcv7 vaccination period, the pooled prevalence was 27.2%
(21.3, 33.2%) and 16.6% (9.5, 23.7%) in the post vaccination
period (P < 0.001).

Overall heterogeneity and publication bias
Stratified analyses were carried out to assess the heterogen-
eity across subgroups defined by age, PCV7 introduction
period and PCV7 introduction period within kindergarten
children groups. The sensitivity analysis indicated that the
pooled prevalence of S. pneumoniae carriage had only slight
variations by stratified studies into pre/post vaccination
period when individual studies were omitted one by one.
The prevalence estimates ranged from 13.4% (10.6, 16.1%)
to 14.8% (12.5, 17.1%) in post vaccination period and from
252% (20.7, 31.1%) to 26.3% (21.1, 31.6%) in pre-
vaccination period, suggesting that the results were stable.
Slight publication bias was noted from the statistical
tests (Egger’s test, P = 0.011; Begg’s test, P = 0.01). After
stratified the pooled prevalence of S. pneumoniae by
PCV7 vaccination period, the potential publication bias
was adjusted as no significant (Egger’s test, P = 0.134;
Begg’s test, P = 0.602) in pre-vaccination period and

Table 3 The resistance of antibiotic among all the S. pneumoniae

(Egger’s test, P = 0.353; Begg’s test, P = 0.125) in post
vaccination period.

Antibiotic resistance profiles of the isolates

A total of 20 studies [11, 12, 15, 16, 18, 20, 21, 23, 25—
28, 31, 33, 34, 36, 37, 40—42] were identified that re-
ported antibiotic resistance in S. pneumoniae. The rate
of pneumococcal resistant to levofloxacin was 2.5%
(0.3—4.6%), which was the lowest rate of antibiotic resist-
ance identified. The highest resistant rate was reported
against tetracycline antibiotics; for this class of antibi-
otics, a pooled resistance rate of 67.1% (33.8—96.4%) was
identified. The pneumococcal resistance rate to penicil-
lin was 28.9% (20.4—37.4%). Before the introduction of
PCV7 [12, 16, 18, 20, 23, 25-28, 31, 33, 36, 40, 41], the
pooled resistant rate to penicillin was 31.9% (21.2—
42.6%). This rate decreased by 21.6% (7.4—35.9%) follow-
ing the introduction of PCV7 [11, 15, 21, 34, 37, 42].
The penicillin resistant rate varied significantly between
the pre- and post-PCV7 time periods (P<0.001)
(Table 3). The results of subgroup analysis indicated that
the heterogeneity of resistant to penicillin may came
from pre/post vaccination period, while the rest of them

Antibiotic No. of studies Total no. of included strains  No. of included strains with Resistant rate(%) F P Pvalue of P value of
antibiotic resistant (95%Cl) Egger's test Egger’s test
Penicillin 20 2105 541 289(204, 374) 699 0.000 0.147 0.298
Cefaclor 6 499 463 65.8(512,804) 916 0000 0434 0462
Ceftriaxone 8 771 90 19.4(9.2, 29.5) 96.9 0.000 0.175 0.266
Levofloxacin 13 1175 159 2.5(0.3,4.6) 702 0009 0.226 0.602
Erythromycin 14 1635 1185 65.9(57.0, 74.9) 936 0.000 0.131 0.108
Clindamycin 9 878 675 64.0(45.5, 82.5) 96.2 0.000 0.247 0.221
Tetracycline 12 1334 967 67.1(33.8964) 99.7 0.000 0.249 0.548
Cotrimoxazole 13 1524 1103 64.5(51.2,77.8) 96.7 0.000 1.000 0.704
Chloromycetin 13 1524 360 24.1(16.7,31.5) 91.8 0000 0.039 0.019
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Serotype No. of Total no. of No. of included strains with Prevalence(%)(95%Cl) F P P value of P value of
studies included strains identical serotypes Egger's test Egger's test
23F 9 1175 187 14.0(84-19.7) 894 0.000 0.266 0.193
6A 9 1175 174 11.9(6.3-17.5) 90.2 0.000 0.032 0.063
19F 9 1626 322 19.1(12.2-26.0) 933 0.000 0.754 0.602
6B 6 175 86 6.8(4.7, 89) 00 0474 0.739 0.902
14 8 1382 85 55(4.0, 69 313 0187 0910 0.754
18C 3 397 16 3.2(0.1,6.3) 686 0.041 0631 0.620
15 7 1332 86 5.7(36,7.8) 636 0011 0.502 0.548
19A 4 1192 99 8.7(59-11.6) 656 0008 0.142 0.764
pPCv7 1626 755 90.2 0.000 0.953 0917
PCV13 1626 1059 90.0 0.000 0.644 0.602

may came from different age groups. A slightly publica-
tion bias was found in Chloromycetin resistant rate, no
publication bias was found in the rest of the antibiotics.

Serotypes and S. pneumoniae nasopharyngeal carriage
Nine studies [17, 18, 29, 30, 33, 35, 41, 43, 44] reported the
serotypes of Streptococcus pneumoniae. In the 1626 isolates
evaluated, 11 different serotypes were identified, and the
predominant serotype was 19F. The pooled prevalence of
serotype 19F was 19.1% (12.2-26.0%). The least prevalent
serotype was 18C, which was identified in 3.2% (0.1-6.3%)
of isolates (Fig. 6, Table 4). Of the 1626 isolates, 755 were
identified as serotypes included in the coverage of PCV7,
and 1059 were identified as serotypes included in the cover-
age of PCV13. The serotype coverage rates were 46.6%
(38.8—54.4%) for PCV7 and 66.2% (58.6—73.8%) for PCV13.
>Before PCV7 was introduced in mainland China [16, 27,
28, 31, 38, 41], the serotype coverage rates of PCV7 and
PCV13 were 43.9% (34.1-53.6%) and 66.8% (56.1-76.0%),
respectively. These rates changed to 52.1% (37.3-66.9%)
and 66.3% (50.6—81.9%) for PCV7 and PCV13, respectively,
following the introduction of PCV7 [17, 39, 42].
Heterogeneity was detected in the serotype distribu-
tions of 23F, 6A, 19F, 18C, 15, 19A and PCV7, PCV13
vaccine coverage rate (all P values were <0.05), although
after sequential exclusion of each study, the conclusion
was not affected by the exclusion of any specific study.

Discussion

This systematic review analyzed the prevalence and sero-
type distributions of nasopharyngeal carriage of S. pneu-
moniae, antibiotic resistant rates in S. pneumoniae, and
the rates corresponding the serotype coverage provided
by PCV7 and PCV13.

Since the serotypes distribution of and antibiotic resist-
ance in S. pneumoniae isolates have been found to vary
from region to region, the prevalence of S. pneumoniae has
also been found to vary in different populations. The

prevalence of nasopharyngeal carriage of S. pneumoniae
was found to be 60% in infants under 2 years of age in
Greenland [49], while the prevalence of nasal carriage was
only identified as 9.8% in elderly populations in Italy [50].
In Hong Kong, the prevalence of nasopharyngeal carriage
S. pneumoniae was identified as 13.5% in children younger
than 5 years of age who had never received any pneumo-
coccal vaccines, 14.1% in children who received at least one
dose of PCV13, and 15.3% in children who received at least
3 doses of the PCV13 vaccine [51]. In Taiwan, the preva-
lence of nasopharyngeal carriage of S. pneumoniae identi-
fied in children younger than 5 years of age was 14.1%,
similar to that identified Hong Kong [52]. However, data
collected in mainland China have differed from data col-
lected in Taiwan and Hong Kong. The pooled prevalence of
nasopharyngeal carriage of S. pneumoniae was determined
to be 21.4% (18.3—24.4%) among children in China.

A variety of studies have confirmed that colonization
by S. pneumoniae begins in infanthood and early child-
hood. It has been reported that carriage of this pathogen
is acquired within the first 6 months of life and, the
prevalence of the epidemic appeared to peak in children
of pre-school age [53]. A study conducted by Ueno M
[53] showed that prevalence of nasopharyngeal carriage
of S. pneumoniae increased with age within pediatric age
groups, with rates of 19 and 23% identified in infants
younger than 1 years-old and children 2 to 3 years old,
respectively. The highest prevalence has been identified
during the pre-school period. Our data were consistent
with the findings of Ueno M [53], suggesting that car-
riage trends differed with age. The prevalence was 12.8%
(10.0-15.6%) in children younger than 2 years old; the
prevalence increased with age and reached a peak at
24.7% (19.7-29.7%) in children aged 2 to 5 years and
then decreased to 8.8% (6.0-11.5%) in children aged
5 years and older. It is well known that attending kinder-
garten has been identified as a risk factor [52, 53] for
colonization by opportunistic pathogens, such as S.



Wang et al. BMC Infectious Diseases (2017) 17:765

pneumoniae, due to poor hygiene, confined physical en-
vironmental conditions and frequent interaction with
other children. Nasopharyngeal carriage of S. pneumoniae
in kindergarten children results in this population serving
as an asymptomatic reservoir that spreads this pathogen
into community. Since the PCV7 was introduced into
China in October 2008, the studies conducted between
2009 to 2012 in age 2 to 5 years-old children were the
coverage and the active population of getting shot by
PCV7 vaccine, which leads to a reduction of prevalence of
nasopharyngeal carriage of S. pneumoniae.

Unlike the GAVI Alliance [54] in the world and EPI in
China, the PCV7 is available at immunization clinics for
a fee during 2008-2015, these clinics designated as
“point of vaccination” centers, children at 2, 4, 6 months
will get shot of one dose of PCV7 and at 1 years old will
get the fourth shot of does to enhance the immunity
after purchase the vaccine [54]. Because of the high price
of PCV7, the PCV7 coverage level was not as many other
countries [8, 9]. According to a survey of children age 1 to
2 vyears selected from 31 provinces throughout China
conducted in 2012, 9.9% of children had received one dose
of PCV7 [49]. Another study from Shanghai reported a
similar PCV7 coverage level at 11.4% [55]. We observed a
slightly change of PCV7 coverage level from 43.9% (34.1,
53.6%) to 52.1% (37.3, 66.9%) between pre/post vaccin-
ation period because of the limited herd immunity from
low vaccine rate of pneumococcal conjugate vaccination.

High antibiotic resistance rates in S. pneumoniae may
facilitate transmission of this pathogen among young
children. Crowding and barriers to maintaining quality
hygiene facilities could accelerate the transmission of
highly antibiotic resistant S. pneumoniae in the kinder-
garten environment [56]. Our pooled data indicated that
the rates of erythromycin, clindamycin, trimethoprim-
sulfamethoxazole and tetracycline resistance among iso-
lates were all more than 60%. High-level resistance to
the aforementioned antibiotics has also been identified
in previous studies [57]. Macrolides and lincosamides
have been reported to be the first-line empirical anti-
biotic therapy for pneumococcal infections in China,
and the use of these agents has led to a high rate of anti-
biotic resistance in S. pneumoniae [42, 57]. Previous
studies have demonstrated that the penicillin-non-
susceptible pneumococci (PNSP) rate varied in different
regions. The prevalence of nasopharyngeal carriage of S.
pneumoniae in Brazilian and Korean children who
attended day care centers were identified as 26.0 and
31.3%, respectively [58, 59]. A marked modification in
pneumococcal antibiotic susceptibility rates was ob-
served after the introduction of pneumococcal conjugate
vaccines. The PNSP rate was 47.1% before the introduc-
tion of PCV13 in France, and this rate rapidly decreased
to 39% 3 years after PCV13 was introduced [60]. The
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pooled data in this study were consistent with results
identified in France. The proportion of pneumococcal
isolates resistant to penicillin identified in this study de-
creased from 31.9% (21.2—42.6%) to 21.6% (7.4—35.9%)
after the introduction of PCV7.

A remarkable decrease in the incidence and mortality
of invasive pneumococcal disease has been observed
following the introduction of pneumococcal conjugate
vaccines into pediatric immunization programs [61].
With the introduction of these PCVs and further reduc-
tions in the prevalence of nasopharyngeal carriage of S.
pneumoniae in pediatric groups. Our data demonstrated
that the prevalence of nasopharyngeal carriage of S.
pneumoniae was 25.8% (20.7-30.9%) among healthy
children before the introduction of PCV7. The preva-
lence dropped sharply to 14.1% (11.3-16.9%) following
the introduction of PCV7 in China, indicating that the
impact of PCV7 introduction on disease prevalence can
be determined by assessing the nasopharyngeal carriage
of S. pneumoniae in healthy children.

Conclusions

Pneumococcal carriage was identified to occur at gener-
ally high prevalence among children in China. PCV7
immunization was associated with a reduction in the
rate of penicillin resistance among nasopharyngeal
carriage isolates of S. pneumoniae. The distribution of
serotypes identified in the nasopharynx was only slightly
modified following the introduction of the PCV7 vaccin-
ation because of the low PCV7 immunization rates. The
Centers for Disease Control and Prevention should
timely adjust PCV vaccination strategies based on these
findings to reduce the incidence and morbidity of
pneumococcal invasive disease in pediatric populations.
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