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Abstract

Streptococcus pneumoniae is a leading cause of bacterial infection among

infants and young children. The worldwide morbidity and mortality

rates associated with S. pneumoniae are very high. In 2005, the World

Health Organization (WHO) estimated that 1.6 million people die of

pneumococcal disease every year, 0.7–1 million of whom are children

aged <5 years of age [1].

Studies on the epidemiology of invasive pneumococcal disease (IPD) in

mainland China are rare, because of the very low rate of isolation of S.

pneumoniae from bacterial culture. The first national investigation of

the serotype distribution of S. pneumoniae in the hinterland of China

was organized by the WHO during the period from 1982 to 1985 and

involved 27 hospitals and institutions. A total of 192 IPD isolates of S.

pneumoniae were recovered from children <14 years of age. Each

hospital only collected 1.8 IPD isolates per year from children [2].

Recently, a study involving 9 hospitals included only 31 IPD isolates,

and on average, each hospital also only collected 1.7 IPD isolates per

year [3].

The aim of this study was to determine the serotype distribution and

antimicrobial susceptibility of S. pneumoniae isolates causing invasive

disease among Chinese children. The coverage rates of the 7-valent

pneumococcal conjugate vaccine (PCV7, covering serotypes 4, 6B, 9V,

A total of 171 Streptococcus pneumoniae isolates causing invasive disease were

isolated from Chinese children. The serotype distribution and antimicrobial

resistance were tested. The results suggested that the 7-valent

pneumococcal conjugate vaccine has a preventive effect among children and

that there should be long-term surveillance for serotype 19A.
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14, 18C, 19F, and 23F), PCV10 (PCV7 plus serotypes 1, 5, and 7F), and

PCV13 (PCV10 plus serotypes 3, 6A, and 19A) were estimated. The

findings from this study also provided guidance for the clinical use of

antimicrobial agents.

Methods. From 2006 to 2008, clinical IPD isolates were collected from

the following 11 study centers: Beijing Children's Hospital, affiliated

with Capital Medical University (Beijing); Shenzhen Children's

Hospital (Shenzhen); Pediatric Hospital of Fudan University

(Shanghai);  Shengjing Hospital, affiliated with China Medical

University (Shenyang); Nanjing Children's Hospital (Nanjing);

Tianjin Children's Hospital (Tianjin);  Chongqing Children's Hospital,

affiliated with Chongqing Medical University (Chongqing); Yuying

Children's Hospital of Wenzhou Medical College (Wenzhou); Suzhou

University Pediatric Hospital (Suzhou); Anhui Medical University–

affiliated Hospital (Anhui), and First-Affiliated Hospital of Xinjiang

Medical University (Wulumuqi). Another center, Lanzhou Institute of

Biological Products (Lanzhou), took part in the central laboratory

work.

S. pneumoniae strains isolated from normal sterile specimens from

children aged <14 years were collected during clinical work. All

presumptive S. pneumoniae isolates were delivered to the central

laboratory (ie, the Laboratory of Microbiology and Immunology,

Beijing Children's Hospital, Beijing, China) and identified on the basis

of typical colony morphology, an �-hemolysis test, and their Gram

stain morphology and confirmed by use of an optochin sensitivity test

(BBL; Becton Dickinson), a bile solubility test, and an Omni serum

assay (Statens Serum Institut). All isolates were stored at −80°C in fat-

free milk preservation medium until further analysis. In cases in

which �2 isolates expressing the same serotype were recovered from

the same subject, only 1 isolate was included.



All isolates were typed by a capsule-quelling test using type-specific

antisera (Statens Serum Institut) against the serotypes that are

present in the 23-valent pneumococcal polysaccharide vaccine (1, 2, 3,

4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F,

23F, and 33F) and serotype 6A. Typing was carried out by phase-

contrast microscopy according to the published procedure [4].

Untyped strains were those that could not be typed using the above-

mentioned procedure.

For all isolates, minimum inhibitory concentrations (MICs) were

determined against penicillin, amoxicillin–clavulanic acid,

ceftriaxone, cefuroxime, erythromycin, imipenem, vancomycin, and

levofloxacin using E-test (AB Biodisk) strips [5]. The susceptibility of

isolates to tetracycline, sulfamethoxazole-trimethoprim, and

chloramphenicol was also tested by use of the disk diffusion method.

The breakpoints used in this study were from the Clinical and

Laboratory Standards Institute 2008 edition. Nonmeningitis isolates

displaying a penicillin MIC of �8 µg/mL and meningitis isolates

displaying a penicillin MIC of �0.12 µg/mL were defined as penicillin-

resistant S. pneumoniae. S. pneumoniae ATCC 49619 was used as a quality-

control strain during susceptibility testing. Multidrug-resistant S.

pneumoniae isolates were defined as isolates that were resistant to �3

classes of antimicrobial agents.

All data were analyzed using WHONET software, version 5.3 (WHO). The

�  test, calculated using SPSS, version 10.0 (SPSS), was used for

statistical comparisons. A 2-tailed cutoff of P<.05 was considered

statistically significant.

Results. A total of 171 invasive strains of S. pneumoniae were isolated. Of

these 171 strains, 103 (60.2%) were isolated from blood samples, 47

(27.5%) were isolated from cerebral spinal fluid samples, 20 (11.7%)

were isolated from pleural fluid samples, and 1 (0.6%) was isolated
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from a joint cavity fluid sample. There were 66 (38.6%) strains isolated

from children <2 years of age, 74 (43.3%) strains isolated from

children 2–4 years of age, and 31(18.1%) strains isolated from children

5–14 years of age.

The serotype distribution of S. pneumoniae isolates is shown in Figure 1.

The most common serotypes isolated were 19F (19.9%), 14 (19.3%), 19A

(18.1%), 6B (9.4%), and 23F (6.4%). These 5 serotypes accounted for

73.1% of all isolates. There were 5 strains (2.0%) that were untyped. The

overall coverage rates of PCV-7, PCV-10, and PCV-13 were 60.3%,

66.7%, and 87.8%, respectively.

Figure 1

View large Download slide

Proportionate and cumulative serotype distribution of 171 Streptococcus

pneumoniae isolates causing invasive infection among Chinese

children <14 years of age, 2006–2008. NVT, nonvaccine serotypes not

included in 13-valent pneumococcal conjugate vaccine (PCV13).
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Analysis of local serotype distribution showed that the non-PCV7

serotype 19A was very common (14.3%–50% of isolates) in some

northern cities, including Beijing, Tianjin, and Shenyang. On the

other hand, serotype 19A was rarely found (0%–10.7% of isolates) in

the southern and eastern cities, including Nanjing, Wenzhou, Hefei,

and Shenzhen. PCV7 covered more strains in the southern and eastern

cities (70.4% of isolates) than in the northern cities (36.7% of isolates)

(c =15.87; P<.01). However, PCV13 coverage rates were similar between

these 2 geographical locations (87.3% vs 88.9% of isolates).

The distribution of the more common serotypes showed similarities

between children <2 years of age and children 2–4 years of age, except

in the rank order of the serotypes. Among children <5 years of age,

serotypes 14 (22.1% of isolates), 19F (20.0%), 19A (20.0%), 6B (10.7%),

and 23F (7.1%) were the most common serotypes. However, for

children 5–14 years of age, serotypes 19F (19.4%), 18C (16.1%), 19A

(9.7%), 5 (9.7%), and 14 (6.5%) were the most common.

The antibiotic activities of the 171 isolates of S. pneumoniae against the

11 antimicrobials used in this study are presented in Table 1. For the

124 nonmeningitis isolates, 0.8% were nonsusceptible to penicillin,

and no penicillin-resistant S. pneumoniae isolates were identified.

However, up to 76.6% of the meningitis isolates were penicillin-

resistant S. pneumoniae isolates. All isolates (n=171) except 7 (4.1%)

were highly resistant to erythromycin, with a MIC of >256 µg/mL.

However, 29.2% of the isolates were nonsusceptible to imipenem, and

>70% of the isolates were resistant to tetracycline and

sulfamethoxazole–trimethoprim. All of the isolates were susceptible

to vancomycin and levofloxacin. Analysis of the resistance profiles

showed that only 5 isolates were sensitive to all of the antimicrobials

tested and that 153 isolates (89.5%) were multidrug-resistant S.

pneumoniae isolates.
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There was no significant difference in the penicillin susceptibility of

the common serotypes. It was notable, however, that all of the

meningitis isolates of serotype 19A were nonsusceptible to ceftriaxone

and that 25% of the isolates were resistant. More than 90% of isolates

of serotype 19F or 19A were nonsusceptible to cefuroxime (94.1% and

96.8% of isolates, respectively) and ceftriaxone (94.1% and 100% of

meningitis isolates, respectively). The isolates covered by PCV7

showed a higher cefuroxime nonsusceptibility rate than those not

covered by the vaccine (73.8% vs 51.5% of isolates; c =8.96; P<.01). A

similar phenomenon was observed for ceftriaxone (78.1% vs 33.3% of

meningitis isolates; c =8.88; P<.01).

Discussion.S. pneumoniae is a leading cause of bacterial infection among

infants and young children. As a result of the serious abuse of

antibiotics in China, the isolation rates of S. pneumoniae from clinical

specimens were very low [6]. Epidemiological studies on IPD were

therefore difficult to complete. To our knowledge, the 171 isolates used

Table 1
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Susceptibility to and Minimum Inhibitory Concentrations (MICs) of 11

Antimicrobials for 171 S. pneumoniae Isolates
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in this study represent the largest number of IPD isolates studied in

the past 2 decades from the hinterland of China. Although the low

number of isolates from each hospital (ie, 5.2 IPD isolates per year) was

not satisfactory, it was comparable to previous studies [2, 3].

The PCV7 coverage rate (60.3%) reported in this study was similar to

those reported for serotypes associated with IPD among young

children in western industrialized countries (65%–80%) before the

introduction of PCV7 [1]. This suggests that PCV7 would have a

preventive effect on pneumococcal infection in China.

The findings of our study showed that serotype 19A was one of the most

common serotypes in China before the introduction of the PCV7. The

spread of type 19A in western countries was found after the large-scale

use of PCV7 [7]. The Prospective Resistant Organism Tracking and

Epidemiology for the Ketolide Telithromycin in the United States

(PROTEKT US) study showed that the most common serotypes found

during the 4 years after the introduction of PCV7 were the nonvaccine

serotypes 19A (19.0% of all isolates), 6A (7.8%), 3 (7.6%), 15 (6.3%), and

35B (5.8%) and vaccine serotype 19F (12.7%) [8]. Among the

nonvaccine serotypes, 19A was the most highly represented. After the

introduction of PCV7 for universal administration to children <2 years

of age in Massachusetts, the percentage of serotype 19A isolates

recovered from children <5 years of age increased from 11.5% in 2002 to

44% in 2005 [9]. The spread of highly resistant strains of serotype 19A

reported in our study suggests that the widespread use of

antimicrobials may provide the selective advantage necessary for

resistant serotype expansion, which was similar to the situation in

Korea [10].

In summary, the multicenter study reported here showed the serotype

distribution and antibiotic resistance of IPD isolates in the hinterland

of China. The serotype distribution suggests that, at present, PCV7 has



a preventive effect on pneumococcal infection in China. However,

long-term surveillance is needed in view of the spread and

antimicrobial resistance of strains that express non-PCV7 serotypes,

particularly serotype 19A.
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