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Abstract: Group B streptococcus (GBS) is an important cause of serious bacterial infections 

(SBIs) in infants. Non-penicillin-susceptible GBS strains have been reported among adults, 

but little is known among children. We collected GBS isolates from 4 children’s hospitals in 

Japan, and performed serotyping of GBS strains and reviewed penicillin minimum inhibitory 

concentrations of GBS strains from both sterile and non-sterile sites. Our examination revealed 

235 isolates including 41 isolates from SBIs and 194 isolates from colonization. Nine cases of 

GBS SBIs (21.9%) were early-onset, 19 (46.3%) were late-onset, and 13 (31.7%) were ultra-

late-onset. Non-penicillin-susceptible GBS strains were not detected among either isolates. 

Serotypes Ia, Ib, and III were predominant among SBIs. In conclusion, at this time, we have 

no non-penicillin-susceptible GBS strains in Japanese children. Penicillin susceptibility should 

continue to be monitored carefully in each geographic area.
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Introduction
Group B streptococcus (GBS) is one of the major causative pathogens of sepsis and 

meningitis in infants. In Japan, GBS-related invasive diseases were reported to be 

0.13 per 1,000 live births.1 In approximately 10–20% of pregnant women, GBS colo-

nization was detected in the genital tract, where the pathogen is transmitted to infants 

through delivery.2,3 Infants can also acquire GBS by horizontal transmission postnatally.

GBS is categorized into 10 serotypes, some of which predominantly cause serious 

bacterial infections (SBIs) in infants from colonized serotypes Ia, Ib, III, VI, and V 

in pregnant women. The frequency rate of common serotypes III, Ia, and Ib in cases 

of GBS SBIs among Japanese infants was 58.7%, 21.3%, and 12.7%, respectively.4 

Besides those serotypes, serotype II and V were reported in Europe and the US.5,6 

On the other hand, elderly adults have a spectrum of diseases such as pneumonia, 

meningitis, and sepsis with serotypes Ib, II, and V at 1.3 cases per 1,000 hospitaliza-

tions in Japan.7–9

GBS is generally susceptible to penicillin, but a low incidence of non-penicillin-

susceptible GBS strains has been reported among elderly patients in Japan.10 The car-

riage rate of non-penicillin-susceptible GBS strains among reproductive age women 

and neonates in Japan is not yet known. Surveillance of susceptibility to penicillin 

of GBS in each geographic area is important to select intrapartum antibiotic prophy-

laxis to pregnant women with GBS colonization and empiric therapy to infants with 

 suspected GBS infection. We conducted a retrospective study to identify the rate of 
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non-penicillin-susceptible GBS strains among the pediatric 

population in Japan.

Materials and methods
In this multicenter study, GBS isolates from sterile and non-

sterile specimens were collected from Tokyo Metropolitan 

Children’s Medical Center (Tokyo), National Center for 

Child Health and Development (Tokyo), Nagano Children’s 

Hospital (Nagano), and Nanbu Child Medical Center (Oki-

nawa) in Japan between January, 2008 and January, 2014. 

Serotypes of GBS from SBIs strains were typed by com-

mercial GBS serotyping kit, which uses serotype-specific 

rabbit immunoglobulin (Denka Seiken, Tokyo, Japan). The 

minimum inhibitory concentration (MIC) was measured by 

broth microdilution method. The European Committee on 

Antimicrobial Susceptibility Testing (EUCAST) breakpoint 

was used. Penicillin MICs _≤0.12 and >0.12 were interpreted 

as susceptible and non-susceptible, respectively. Clinical 

charts were reviewed for age, sex, and type of invasive 

disease. Early-onset, late-onset, and ultra-late-onset dis-

eases were defined according to timing of disease onset 

in the first week, 1 week to 3 months, and over 3 months, 

respectively.  Bacteremia and meningitis were confirmed by 

a positive blood or cerebrospinal fluid culture. Cellulitis was 

diagnosed on the basis of skin and soft tissue infection with 

a positive blood culture. Necrotizing fasciitis was diagnosed 

on the basis of skin and soft tissue infection with a positive 

tissue culture from surgical debridement. Pneumonia was 

diagnosed on the basis of respiratory symptoms, positive 

X-ray findings, and positive sputum culture from the tra-

cheal tube. This study was exempt from obtaining ethical 

approval and written informed consent as per the Japanese 

National Guideline for observational studies conducted 

before 2014.

Results
We identified 235 GBS strains. The mean age was day 64 

(SBIs: day 38, colonization: day 64.5). The specimens were 

collected from 109 girls and 126 boys. Forty-one (17.4%) 

isolates were derived from SBIs and 194 (82.6%) isolates 

were derived from colonization. Nine cases of GBS SBIs 

(21.9%) were early-onset, 19 (46.3%) were late-onset, and 13 

(31.7%) were ultra-late-onset. The invasive diseases, bactere-

mia, meningitis, pneumonia, cellulitis, urinary tract infection, 

and necrotizing fasciitis were detected at a frequency of 22 

(55%), 10 (24.3%), 5 (12.1%), 2 (4.8%), 1 (3.8%), and 1 

(3.8%), respectively.

Among the 41 isolates from SBIs, 37 were serotyped. 

The Ia, Ib, II, III, V, and VI serotypes of GBS occurred at a 

frequency of 11 (29.8%), 6 (16.2%), 1 (2.7%), 15 (40.5%), 

3 (8.1%), and 1 (2.7%), respectively (Figure 1).

The penicillin MICs were determined for 90.2% 

(212/235) of the isolates, none of which were found to be 

resistant to penicillin. The penicillin MIC was <0.03 μg/ml 

for 77.8% (165/212) of the isolates, 0.06 μg/ml for 17.4% 

(37/212) of the isolates, and 0.12 μg/ml for 1.4% (3/212) 

of the isolates. Non penicillin-susceptible strains were not 

detected. All 3 isolates for which the MIC was 0.12 μg/ml 

were derived from colonization (Figure 2).

Discussion
This study was conducted to survey GBS penicillin sus-

ceptibility among children in Japan. We did not identify 

any non-penicillin-susceptible strains in the cases of either 

SBI or colonization. However, 1.4% (3/212) of strains from 

colonization had an MIC of 0.12 μg/ml, which was the 

upper limit of the susceptibility range. We may still admin-

ister penicillin to mothers for GBS prophylaxis and SBIs 

treatment in infants, but penicillin susceptibility should 

be monitored carefully for emergence of non-susceptible 

strains.
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Figure 1 Serotypes of group B streptococcus (GBS) isolated from blood or 
cerebrospinal fluid and others.
Notes: Others refer to skin, sputum, urine, and stool. These were not sterile 
specimens.
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Figure 2 Penicillin minimum inhibitory concentration of 205 group B streptococcus 
strains isolated from blood or cerebrospinal fluid and others.
Notes: Others refer to skin, sputum, urine, and stool. These were not sterile 
specimens. 
Abbreviation:  MIC, minimum inhibitory concentration.
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Unlike Streptococcus pyogenes, non-penicillin-sus-

ceptible GBS strains of Ib, II, and V were reported among 

elderly patients in Japan.10 Serotype Ib is one of the strains 

that causes invasive diseases in infants. The isolated serotype 

Ib in our study was fully penicillin susceptible. Decreased 

susceptibility to beta-lactam antibiotics in GBS was related 

with pbp2x mutation.11 Further monitoring on susceptibility 

of GBS is needed.

After introduction of practice guidelines to prevent 

vertical transmission of GBS, early-onset GBS infections 

in neonates were decreased from 0.47 per 1,000 live births 

in 1999–2001 to 0.34 per 1,000 live births in 2003–2005 

in the US.6 On the other hand, the rate of early-onset GBS 

infections in the Netherlands was increased from 0.11 per 

1,000 live births in 1987 to 0.19 per 1000 live births in 

2011, although they implemented similar practice guidelines 

to prevent vertical transmission.12 In Japan, the rates of 

early-onset GBS infections did not change before and after 

implementation of prevention guidelines at delivery in 2008, 

which were 0.08 per 1,000 live births in 2004–2008 and 0.10 

per 1,000 live births in 2009–2010, respectively.13,14 The 

Netherlands and Japan had much lower incidence of GBS 

diseases than the US, so those countries with low incidence 

of early-onset GBS diseases might not have benefited from 

prevention strategy.

The rate of late-onset GBS infections increased to 0.34 

per 1,000 live births during 2003–2005 in the US.6 The rate 

of late-onset GBS diseases in Japan remained at 0.10 per 

1,000 live births through 2004–2010, which was comparable 

to early-onset GBS diseases.13 Our study found more late-

onset GBS diseases (46.3%) than early-onset GBS diseases 

(21.9%). This may be explained by sampling bias as the 

study was conducted at only tertiary children’s hospitals, 

which tend to admit neonates who need surgery rather than 

preterm or infants with severe illness who were discharged 

home after birth. Early-onset GBS infection might be taken 

care of at local general hospitals with neonatal intensive care 

units in Japan.

GBS polysaccharide–protein conjugate vaccine, under 

development for serotypes Ia, Ib, and III, was found to 

induce an immune response in pregnant women and sustain 

a protective level of antibody in their infants up to 2 months 

of age. A trivalent GBS vaccine may be a reasonable choice 

for introduction into Japan based on this epidemiology.15 

Surveillance of serotypes of GBS is important in terms of 

public health to understand invasive GBS diseases. Particu-

larly, recent advances in GBS vaccine may benefit infants for 

preventing both early- and late-onset diseases.

Our study had some limitations. First, sample size was 

small to generalize our finding. Second, the rate of  early-onset 

GBS disease was only 22%. Potential different characteris-

tics between early-onset and late-onset strains might exist 

because serotypes were likely to be different between them. 

In this study, since the rate of early-onset GBS disease was 

only 22%, the results of this study should be carefully inter-

preted when applying to the early-onset sepsis. More GBS 

isolates are needed to consider non-susceptible strains in 

early-onset disease.

In conclusion, no non-penicillin-susceptible strain was 

detected. We should monitor GBS susceptibility to penicil-

lin continuously.
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