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Background: Group B streptococcus (GBS) infections can be life-threatening in newborns. This
study aimed to analyze GBS carriage status and genotypic diversity in healthy neonates after
implementation of intrapartum antibiotic prophylaxis (IAP) in Taiwan.
Methods: Newborns carrying GBS were identified from a screen of 500 newborns and followed
up until their cultures turned negative. Their mothers’ GBS screening data were reviewed. Mo-
lecular methods, including capsular serotyping, multilocus sequence typing and pulsed-field
gel electrophoresis (PFGE), were used to analyze GBS isolates.
Results: GBS colonization was detected at either the nose or anus in 11 of 500 healthy neo-
nates (2.2%). In this group of 11 neonates, 4 had GBS serotypes II and III for 4e6 months, 1
had serotype V for 2 months, 6 had serotypes Ia, II, V, and VI for less than 1 month, and 1
had 2 different serotypes (serotypes V and II) at different times. The most prevalent serotype
was II (33.3%), followed by Ia (25.0%), III (16.7%), V (16.7%), and VI (8.3%). The main sequence
type was ST1 (50.0%), followed by ST19 (16.7%), ST23 (8.3%), ST24 (8.3%), ST103 (8.3%), and ST
231 (8.3%). All isolates were grouped into 5 PFGE clusters F, G, J, X, and Y, and all were sus-
ceptible to belactam antimicrobial agents.
treptococcus; IAP, intrapartum antibiotic prophylaxis; PFGE, pulsed-field gel electrophoresis; PCR,
ltilocus sequence typing; ST, sequence type; CC, clonal complex.
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Conclusions: GBS was carried in 2.2% (11/500) healthy newborns and persisted for 6 months in
3 neonates. This study makes clearer our understanding of GBS colonization, serotype distribu-
tion, and genotype distribution in healthy neonates.
Copyright ª 2019, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
1. Introduction

Group B Streptococcus (GBS) is one of the most common
pathogens causing meningitis, bacteremia, and pneumonia
with high mortality rates in neonates, non-pregnant
women, the elderly, and immunocompromised patients.1

Not every baby who is born to a GBS-positive mother will
be colonized or infected, but vertical transmission of GBS
from mother to newborn during labor can result in life
threatening infections.2

Neonatal GBS disease is divided into early-onset disease
(occurring 0e6 days after birth) and late-onset disease
(occurring 7e89 days after birth). Early-onset GBS septi-
cemia is more commonly associated with pneumonia, which
is believed due to aspiration of GBS during birth, while late-
onset septicemia is more often accompanied by meningi-
tis.3,4 The risk factors of neonatal GBS infection include
maternal GBS colonization, preterm labor, premature
rupture of membrane, peripartum fever, a previous baby
with GBS disease, and maternal GBS bacteriuria.5

The Center for Disease Control and Prevention (CDC) in
the USA has recommended that all pregnant women be
routinely screened for vaginal GBS between the 35th and
37th week of pregnancy.6 The American Academy of Pedi-
atrics has recommended that all women who have risk
factors prior to being screened for GBS (for example,
women who have preterm labor beginning prior to 37
completed weeks’ gestation) should be treated with intra-
venous antimicrobial agents until their status of GBS is
established.7 Routine maternal screening and intrapartum
antibiotic prophylaxis (IAP) have been very effective in
preventing early-onset GBS disease. Given the significant
burden of GBS disease, continued investigation of vertical
transmission, virulence factors, risks of colonization, and
also the genotypic diversity and antimicrobial susceptibility
of GBS isolates is still needed. To date, no epidemiological
data regarding the serotype distribution of GBS colonization
in healthy neonates has been reported in Taiwan. Thus, we
carried out a survey study of healthy, full-term neonates to
determine GBS colonization status, and serotypes and ge-
notypes of the colonizing isolates after implementation of
IAP at a single medical center in Taiwan.

2. Materials and methods

2.1. Enrollment of healthy newborns

This study was approved by the Institutional Review Board
of Chang Gung Memorial Hospital (103-5109A3 and 106-
1510C). In total, 500 newborns were enrolled from 2015 to
2016. GBS screening was conducted, according to policy, at
35e37 weeks of gestation in 337 of the mothers. The birth
weights of the neonates were from 2200 to 4600 g.8 The
antimicrobial prophylaxis was provided to pregnant women
with GBS colonization at least 4 h prior to delivery except in
cases of sudden vaginal delivery or unknown carriage status
without GBS testing, such as cesarean delivery.

2.2. GBS isolation

Nasal and rectal swabs were taken within 4e72 h after birth
for all 500 neonates. The GBS-positive neonates were fol-
lowed up monthly for GBS carriage until cultures turned
negative. The swabs were first placed in LIM broth that
contained nalidixic acid and colistin sulfate to inhibit the
growth of Gram-negative bacteria and selectively enrich
the growth of GBS.9 Pure cultures of GBS were obtained by
streaking the broth on GBS Detect� agar plates (Hardy Di-
agnostics, Santa Maria, CA, USA) with incubation in a hyp-
oxic chamber with 5% CO2 at 37 �C overnight.

2.3. Serotyping by multiplex polymerase chain
reaction (PCR)

The DNA of clinical GBS strains was extracted using a Tissue
& Cell Genomic DNA Purification Kit (Gene Mark, Taipei,
Taiwan). Then GBS isolates were serotyped for 10 serotypes
using multiplex PCR.10 The patterns of different serotypes
were analyzed accordingly.

2.4. Multilocus sequence typing (MLST)

Sequence type (ST) of each isolate was determined by
MLST. The allelic profile (sequence type [ST]) of each
isolate was determined by matching each sequence to
known allele sequences available at the online data-
base (http://pubmlst.org/sagalactiae). The relationship
between sequence types (STs) was drawn according to
eBURST algorithm (http://eburst.mlst.net/).11 Clonal
complexes (CCs) of at least two STs having the same
alleles at 6 of 7 loci were accordingly determined.

2.5. Pulsed-field gel electrophoresis (PFGE)

PFGE profiling of GBS isolates was conducted according to
the PulseNet Standardized Laboratory PFGE Protocol and
using SmaI macrorestriction.12 If SmaI could not digest GBS
genomic DNA well, endonuclease XmaI (which recognizes
the same nucleotide sequences as SmaI but cuts at
different sites) was used instead (New England Biolabs,

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://pubmlst.org/sagalactiae
http://eburst.mlst.net/
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Ipswich, MA, USA). The PFGE images were analyzed by the
software BioNumerics (Applied Maths, Sint-Martens-Latem,
Belgium). The UPGMA (unweighted pair-group method with
arithmetic averages) was used to construct a dendrogram
with similarity distance between any two PFGE images. A
cluster with a Dice coefficient of �80% based on the result
of the dendrogram was defined as a group or a cluster of
two or more isolates.13

2.6. Antimicrobial susceptibility testing

The minimum inhibitory concentration of the antimicrobial
agents (erythromycin, clindamycin, dalfopristin, daptomy-
cin, ampicillin, cefotaxime and penicillin) to GBS was
determined by the E-test method and the results were
interpreted according to recommendations of the Clinical
and Laboratory Standards Institute.14

2.7. Statistical analysis

Comparisons of the variables between groups were made
using the Chi-square test. A P-value < 0.05 was considered
statistically significant.

3. Results

3.1. GBS colonization in pregnant women and
neonates

We screened for GBS in 337 of 500 mothers of healthy
newborn babies during pregnancy. Eighty were GBS-positive
(23.7%), while 257 were negative. The mothers of the
remaining 163 babies did not receive GBS screening prior to
delivery owing to cesarean section or birth at less than 37
weeks of gestational age (Table 1). Among the 500 neonates,
only 11 were GBS-positive, indicating a 2.2% GBS colonization
rate among full-term or late preterm healthy newborns. Four
GBS-positive neonates were born to mothers who were GBS-
positive during pregnancy; of these GBS-positive mothers, 3
had received IAP beginning less than 4 h before delivery and
1 beginning more than 4 h (P Z 0.031 and 0.604, respec-
tively, compared to GBS-negative mothers), suggesting that
less than 4-h IAP could significantly increase neonatal GBS
colonization (P Z 0.031). The results also echoed the
recommendation that IAP should be given at least 4 h before
delivery for prevention of GBS infection. Additionally,
Table 1 GBS colonization in both mother and neonate.

GBS screen results of mothers G

Negativ

GBS-negative, N Z 257 253 (98
GBS-positive, N Z 80

IAP < 4 h, N Z 44 41 (93.2
IAP S 4 h, N Z 36 35 (97.2

No GBS test, N Z 163

(cesarean section and late-preterm birth) 160 (98
Total, N Z 500 489 (97

* The P value of less than 0.05 is statistically significant. IAP: Intrapa
neonatal GBS colonization was observed in 4 newborns born
to GBS-negative women and 3 born to cesarean delivery
women, suggesting that GBS from environmental sources
could also colonize neonates.

3.2. Colonization sites

We identified 11 neonates who carried GBS at birth.
Therefore, it is important to assess sites that could be po-
tential portals of entry for GBS. Among the 11 GBS-positive
neonates, 6 (1.2%) were positive at both the nose and anus
and 5 were positive at the nose alone (2, 0.4%) or anus
alone (3, 0.6%). The result indicated that both the respi-
ratory tract and gastrointestinal tract could serve as portals
of entry in neonates to initiate subsequent GBS infection.

3.3. Capsular serotypes and sequence types

Nasal or anal GBS colonization or both were followed up for
9 months in the 11 neonates. The GBS isolates were further
analyzed by sequence typing and capsular serotyping.
Serotype II and III strains were found to colonize neonates
for 6 months, while serotypes Ia and VI colonized them for
one month and serotype V strain for two months (Fig. 1A).
No serotypes were detected at these sites after 9 months of
age. In addition, there was a switch from serotype V
(detected in the anus at birth and 1 month after birth) to
serotype II (detected in the nose at two months after birth)
in one case, and the two isolates from the same neonate
shared the same sequence type ST1 (Fig. 1A).

The predominant sequence type in the 12 GBS isolates
was ST1 (50.0%), followed by ST19 (16.7%), ST23 (8.3%),
ST24 (8.3%), ST103 (8.3%), and ST231 (8.3%) (Table 2). The
most prevalent serotype was II (41.7%), followed by Ia
(25.0%), V (16.7%), III (8.3%), and VI (8.3%) (Fig. 1B; Table
2). ST1 was found in isolates with various serotypes,
including II, V, and VI, and the sequence types of serotype
Ia included ST23, ST24, and ST103. Using eBURST analysis,
we identified four clonal complexes (CC1, CC19, CC23 and
CC103). Of the four, CC1 contained ST1 and ST231, and
CC23, ST23 and ST24.

3.4. PFGE dendrogram

To further verify the genetic relationship of the 12 GBS
isolates, particularly the two serotype-switching GBS
BS screen in neonates, N Z 500 P value*

e, N (%) Positive, N (%)

.4) 4 (1.6)

) 3 (6.8) 0.031
) 1 (2.8) 0.604

.2) 3 (1.8) 1.0

.8) 11 (2.2%)

rtum antimicrobial prophylaxis; NA: not available; N: number.



Figure 1 (A) The 12 GBS isolates carried by 11 neonates after
9 months of follow-up. Serotypes including Ia, II, III, V, and VI
are indicated by individual colors. (B) Persistence of GBS in the
nose and anus in 11 neonates. Serotypes, including Ia, II, III, V,
and VI, are indicated by individual colors. A serotype switch
from V to II in a carriage strain was observed during the period
from the first to the second month.
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isolates, PFGE was conducted. We classified the 12 isolates
into two PFGE clusters X and Y with a Dice similarity co-
efficient of �80% and generated the UPGMA dendrogram
based on these Dice coefficients (Fig. 2). The remaining
PFGE patterns appeared to be different; however, three of
Table 2 Sequence types (ST) and serotypes of 12 GBS isolates

CCs STs N (%) Capsular Serotyp

Ia II III

CC1 ST1 6 (50.0) 0 3 0
ST231 1 (8.3) 0 1 0

CC19 ST19 2 (16.7) 0 0 2
CC23 ST23 1 (8.3) 1 0 0

ST24 1 (8.3) 1 0 0
CC103 ST103 1 (8.3) 1 0 0
Total N (%) 12 (100) 3 (25.0) 4 (33.3) 2 (16.7)

CCs: clonal complexes; STs: sequence types; N: number; uc: unclust
ampicillin; Ctx: cefotaxime.

a One neonate carried serotype V (ST1) at birth and 1 month after
them (clusters F, G, and J previously identified by Jiang’s
group) were the same.

Cluster Q contained two serotype II isolates that
belonged to different sequence types (1 and 231). Cluster
R comprised two strains sharing the same serotype V and
sequence type ST1. Our examination of the serotype
switch from V to II (as shown in Fig. 1A) found that the two
GBS isolates (strains 294-10 and 294-22) shared the same
sequence type ST1. However, their PFGE profiles with
only 30% similarity suggested that they were completely
different.

3.5. Antimicrobial susceptibility

In antimicrobial susceptibility, all 12 GBS isolates were
susceptible to penicillin, ampicillin, and cefotaxime; how-
ever, 41.7% of the isolates, including 25.0% of CC1 isolates,
8.3% of CC19 isolates, and 8.3% of CC103 isolates, were
resistant to clindamycin and erythromycin.

4. Discussion

This is the first study to determine GBS carriage rates in
healthy neonates in Taiwan. We also carried out molecular
characterization on 12 GBS isolates from 11 neonates. In
this study, GBS was detected in 23.7% of mothers and 2.2%
of neonates. Our rates were slightly different from those in
a previously retrospective study involving 6 hospitals in
Taiwan.15 Among 4585 pregnant women in 2004e2005 and
63,367 newborns in 2002e2005 in Taiwan, maternal GBS
colonization rate was around 20.0%, and the incidence of
GBS disease in newborns and infants was 1.0%, with the
mortality rate being 8.5% for early-onset disease and 3.8%
for late-onset disease.16 Our study showed that the rate of
neonatal GBS colonization (or maternal carriage rate) has
not changed in the past 10 years in Taiwan, even after
nationwide adoption of GBS screening and IAP in 2012.
Although the maternal carriage rate in Taiwan is close to
that in the entire AsiaePacific region (i.e., 19%), this rate
actually varies among regions and countries, such as 8.0% in
Korea, 8.2% in Japan, 7.1% in Beijing, China, and 7.1% in
Hong Kong.17e23

Among the 10 serotypes of GBS, the five most com-
mon are Ia, Ib, II, III, and V,12,13,24 accounting for 96 and
from 11 neonates.a

es, N Antimicrobial Resistance, %

V VI Cli Ery Pen Amp Ctx

2 1 25.0 25.0 0 0 0
0 0 0 0 0 0 0
0 0 8.3 8.3 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 8.3 8.3 0 0 0
2 (16.7) 1 (8.3) 41.7 41.7 0 0 0

ered; Cli: clindamycin; Ery: erythromycin; Pen: penicillin; Amp:

birth and serotype II (ST1) at 2 months after birth.



Figure 2 Dendrogram of the PFGE profiles of 12 GBS isolates. Dice similarity coefficient (%) is indicated in scale. Two or more
isolates form a cluster with a Dice coefficient of S 80%. *: PFGE cluster is designated as described previously.10 Clusters F, G, and J
were the same as the clusters described earlier,10 while in this study we identified two new clusters Q and R.
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88% of invasive GBS isolates from neonates and adults,
respectively.25,26 Early- and late-onset disease is particu-
larly attributed to serotypes III (mainly represented by
ST19 in Asia and ST17 in Europe) and Ia (mainly repre-
sented by ST23 and ST24).12,27 We found that serotype II
isolates (represented by ST1, belonging to CC1) colonized
neonates readily and in some cases they persisted in ne-
onates up to 6 months; however, serotype II GBS causing
late-onset and very-late-onset disease rarely
occurred.27,28 Another common serotype colonizing neo-
nates was serotype III, as described above, and was the
most common serotype to cause late-onset disease in
neonates. This implied that different GBS serotypes,
differing in capsular polysaccharide composition, might
have different virulence in humans.

In our study, the follow-up monitoring of GBS coloniza-
tion for 9 months demonstrated that serotypes II (repre-
sented by ST1 and ST231) and III (represented by ST19)
could colonize neonates for longer periods than other se-
rotypes (Ia, V and VI), indicating that serotypes II and III
might not only be able to cause early-onset disease but also
late-onset and very late-onset diseases. In contrast, sero-
types Ia, V, and VI may mainly cause early-onset disease
because they are more easily cleared over time by the host
than serotypes that cause late-onset disease. The long
period of colonization by serotype III, with other serotypes
having shorter periods of colonization, is consistent with
previous findings by Martins et al. Moreover, serotype III
CC17 (also ST17) isolates are predominant in Portugal while
serotype III CC19 isolates were predominant in this study
and elsewhere in Asia.12,27 The clonal complexes of the
main GBS isolates in this study were CC1, CC19, and CC23,
which is in accordance with the results of eBURST analysis
in Japan (main clonal complexes CC1, CC19, and CC23),28

China (CC19, CC23, and CC10),12 the US (CC19, CC23, and
CC1),29 and Europe (CC17, CC23, and CC19).27

GBS-positive pregnant women and neonates are treated
using appropriate antimicrobial agents such as penicillin
and clindamycin. GBS isolates are mostly sensitive to
penicillin, although reduced susceptibility to penicillin has
been reported since 2008.30,31 Clindamycin or erythromycin
is recommended for GBS intrapartum prophylaxis in
penicillin-allergic women with a high risk of anaphylaxis or
when therapeutic failure is suspected.8 However, resis-
tance rates to clindamycin and erythromycin vary dramat-
ically between genetic types and geographic regions in
Europe, Asia, North America, and South America.32e34 For
example, the rate of resistance of GBS isolates is
15.3e17.0% (mainly ST17) in Portugal,27 50.6e69.0%
(mainly ST19, ST23, ST12, and ST1) in China,12 and 41.7%
(mainly ST1, ST19, and ST103) in Taiwan in this study. Our
GBS strains isolated from healthy neonates had similar
features to those isolated from clinical GBS strains in China,
indicating that our GBS isolates could occasionally be po-
tential pathogens in neonates.

The switch in GBS serotype (from serotype V to serotype
II) found in a single neonate in this study demonstrated that
two separate GBS isolates can independently colonize
different sites at different times. In addition, our isolation,
from healthy neonates, of three GBS strains with the same
PFGE patterns, serotypes and sequence types as those for
some previously reported clinical isolates demonstrated
that the colonizing GBS strain in a healthy neonate could
potentially cause GBS infection. This observation suggested
that GBS infection in neonates could be caused by vertical
transmission from mother to newborn during labor or by
horizontal transmission postnatally from an unknown envi-
ronmental reservoir. As reported by Zimmermann et al.
(2017), breast feeding is a predisposing factor for late-
onset disease with a higher associated recurrence rate of
GBS infection, compared to newborns fed milk from other
potential sources.35 While IAP can be used to prevent early-
onset sepsis,36 late-onset GBS disease remains difficult to
control. For a better understanding of neonatal GBS
infection, further studies to decipher the mechanism of
GBS transfer between mother and neonate, at different
times and sites, are still needed.
5. Conclusions

The GBS carriage rate of healthy neonates born to GBS-
colonized (23.7%) or non-colonized (76.3%) women still
showed 2.2%, although IAP that was reported to be
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effective in lowering down early-onset GBS disease was
used for the colonized women in this study. The GBS car-
riage period among the healthy GBS-positive neonates only
lasted less than one month in most infants. The information
obtained is important for devising better prevention and
treatment strategies against GBS infections.

Conflicts of interest

The authors have no conflicts of interest relevant to this
article.

Acknowledgments

This study was supported by grants from Ministry of Science
and Technology, Executive Yuan, Taiwan (MOST-104-2314-B-
182-072; MOST 104-2314-B-182A-137; MOST-105-2314-B-182-
065-MY2; MOST-105-2314-B-182A-027) and Chang Gung Me-
morial Hospital (CMRPG3F0201; CIRPD1D0031; CMRPG3G0981;
CRRPG3F0082), Taiwan.

References

1. Chan GJ, Modak JK, Mahmud AA, Baqui AH, Black RE, Saha SK.
Maternal and neonatal colonization in Bangladesh: preva-
lences, etiologies and risk factors. J Perinatol 2013;33:971e6.

2. Berardi A, Lugli L, Baronciani D, Rossi C, Ciccia M, Creti R,
et al. Group B Streptococcus early-onset disease in Emilia-
Romagna: review after introduction of a screening-based
approach. Pediatr Infect Dis J 2010;29:115e21.

3. Takei T, Chiba N, Fujita H, Morozumi M, Kuwata Y, Kishii K,
et al. Late-onset invasive group B Streptococcal infection with
serotype VIII in a neonate having congenital biliary atresia.
Pediatr Neonatol 2013;54:63e6.

4. Lee CC, Lin JJ, Lin KL, Lim WH, Hsu KH, Hsu JF, et al. Clinical
manifestations, outcomes, and etiologies of perinatal stroke in
Taiwan: comparisons between ischemic, and hemorrhagic
stroke based on 10-year experience in a single institute.
Pediatr Neonatol 2017;58:270e7.

5. Berardi A, Rossi C, Guidotti I, Vellani G, Lugli L, Bacchi
Reggiani ML, et al. Factors associated with intrapartum trans-
mission of group B Streptococcus. Pediatr Infect Dis J 2014;33:
1211e5.

6. Yancey MK, Schuchat A, Duff P. Ethical issues associated with
routine screening and prophylaxis for group B streptococcus in
pregnancy. Infect Dis Obstet Gynecol 1996;4:36e42.

7. Committee on Infectious Diseases; Committee on Fetus and
Newborn, Baker CJ, Byington CL, Polin RA. Policy state-
mentdrecommendations for the prevention of perinatal group
B streptococcal (GBS) disease. Pediatrics 2011;128:611e6.

8. Verani JR, McGee L, Schrag SJ, Division of Bacterial Diseases,
National Center for Immunization and Respiratory Diseases,
Centers for Disease Control and Prevention (CDC). Prevention
of perinatal group B streptococcal diseasee revised guidelines
from CDC, 2010. MMWR Recomm Rep 2010;59:1e36.

9. Lim DV, Kanarek KS, Peterson ME. Magnitude of colonization
and sepsis by group B streptococci in newborn infants. Curr
Microbiol 1982;7:99e101.

10. Imperi M, Pataracchia M, Alfarone G, Baldassarri L, Orefici G,
Creti R. A multiplex PCR assay for the direct identification of
the capsular type (Ia to IX) of Streptococcus agalactiae. J
Microbiol Methods 2010;80:212e4.

11. Feil EJ, Li BC, Aanensen DM, Hanage WP, Spratt BG. eBURST:
inferring patterns of evolutionary descent among clusters of
related bacterial genotypes from multilocus sequence typing
data. J Bacteriol 2004;186:1518e30.

12. Jiang H, Chen M, Li T, Liu H, Gong Y, Li M. Molecular charac-
terization of Streptococcus agalactiae causing community- and
hospital-acquired infections in Shanghai, China. Front Micro-
biol 2016;7:1308.

13. Martins ER, Melo-Cristino J, Ramirez M, Portuguese Group for
the Study of Streptococcal Infections. Dominance of serotype
Ia among group B Streptococci causing invasive infections in
nonpregnant adults in Portugal. J Clin Microbiol 2012;50:
1219e27.

14. Clinical and Laboratory Standards Institute (CLSI). Perfor-
mance standards for antimicrobial susceptibility testing. 26th
Informational Supplement M100-S26. Wayne, PA: CLSI; 2016.

15. Hsu KH, Chiang MC, Lien R, Yang PH, Chu SM, Hsu JF, et al.
Limited diagnostic value of routine screening of neonates with
the urinary group B streptococcal antigen tests. Pediatr Neo-
natol 2014;55:480e6.

16. Yu HW, Lin HC, Yang PH, Hsu CH, Hsieh WS, Tsao LY, et al.
Group B streptococcal infection in Taiwan: maternal coloni-
zation and neonatal infection. Pediatr Neonatol 2011;52:
190e5.

17. Darabi R, Tadi S, Mohit M, Sadeghi E, Hatamizadeh G, Kardeh B,
et al. The prevalence and risk factors of group B Streptococcus
colonization in Iranian pregnant women. Electron Physician
2017;9:4399e404.

18. Lee BK, Song YR, Kim MY, Yang JH, Shin JH, Seo YS, et al.
Epidemiology of group B Streptococcus in Korean pregnant
women. Epidemiol Infect 2010;138:292e8.

19. Matsubara K, Katayama K, Baba K, Nigami H, Harigaya H,
Sugiyama M. Seroepidemiologic studies of serotype VIII group B
Streptococcus in Japan. J Infect Dis 2002;186:855e8.

20. Lu B, Li D, Cui Y, Sui W, Huang L, Lu X. Epidemiology of Group B
Streptococcus isolated from pregnant women in Beijing, China.
Clin Microbiol Infect 2014;20:O370e3.

21. Ji W, Zhang L, Guo Z, Xie S, Yang W, Chen J, et al. Colonization
prevalence and antibiotic susceptibility of group B Strepto-
coccus in pregnant women over a 6-year period in Dongguan,
China. PLoS One 2017;12:e0183083.

22. Ma TWL, Chan V, So CH, Hui ASY, Lee CN, Hui APW, et al. Pre-
vention of early onset group B streptococcal disease by uni-
versal antenatal culture-based screening in all public hospitals
in Hong Kong. J Matern Fetal Neonatal Med 2018;31:881e7.

23. Slotved HC, Kong F, Lambertsen L, Sauer S, Gilbert GL. Sero-
type IX, a proposed new Streptococcus agalactiae serotype. J
Clin Microbiol 2007;45:2929e36.

24. Stoner TD, Weston TA, Trejo J, Doran KS. Group B strepto-
coccal infection and activation of human astrocytes. PLoS One
2015;10:e0128431.

25. Bellais S, Six A, Fouet A, Longo M, Dmytruk N, Glaser P, et al.
Capsular switching in group B Streptococcus CC17 hyperviru-
lent clone: a future challenge for polysaccharide vaccine
development. J Infect Dis 2012;206:1745e52.

26. Dutra VG, Alves VM, Olendzki AN, Dias CA, de Bastos AF,
Santos GO, et al. Streptococcus agalactiae in Brazil: serotype
distribution, virulence determinants and antimicrobial sus-
ceptibility. BMC Infect Dis 2014;14:323.

27. Martins ER, Pedroso-Roussado C, Melo-Cristino J, Ramirez M,
Portuguese Group for the Study of Streptococcal Infections.
Streptococcus agalactiae causing neonatal infections in
Portugal (2005-2015): diversification and emergence of a
CC17/PI-2b multidrug resistant sublineage. Front Microbiol
2017;8:499.

28. Kimura K, Nagano N, Nagano Y, Wachino J, Suzuki S,
Shibayama K, et al. Predominance of sequence type 1 group
with serotype VI among group B streptococci with reduced
penicillin susceptibility identified in Japan. J Antimicrob
Chemother 2011;66:2460e4.

http://refhub.elsevier.com/S1875-9572(18)30059-7/sref1
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref1
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref1
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref1
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref2
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref2
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref2
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref2
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref2
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref3
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref3
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref3
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref3
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref3
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref4
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref4
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref4
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref4
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref4
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref4
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref5
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref5
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref5
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref5
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref5
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref6
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref6
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref6
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref6
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref7
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref7
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref7
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref7
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref7
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref7
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref8
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref8
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref8
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref8
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref8
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref8
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref8
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref9
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref9
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref9
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref9
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref10
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref10
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref10
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref10
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref10
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref11
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref11
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref11
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref11
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref11
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref12
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref12
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref12
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref12
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref13
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref13
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref13
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref13
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref13
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref13
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref14
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref14
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref14
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref15
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref15
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref15
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref15
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref15
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref16
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref16
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref16
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref16
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref16
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref17
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref17
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref17
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref17
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref17
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref18
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref18
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref18
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref18
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref19
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref19
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref19
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref19
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref20
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref20
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref20
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref20
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref21
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref21
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref21
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref21
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref22
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref22
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref22
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref22
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref22
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref23
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref23
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref23
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref23
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref24
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref24
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref24
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref25
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref25
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref25
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref25
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref25
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref26
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref26
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref26
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref26
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref27
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref27
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref27
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref27
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref27
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref27
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref28
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref28
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref28
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref28
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref28
http://refhub.elsevier.com/S1875-9572(18)30059-7/sref28


Characterization of group B Streptococcus colonization 317
29. Ferrieri P, Lynfield R, Creti R, Flores AE. Serotype IV and
invasive group B Streptococcus disease in neonates, Minnesota,
USA, 2000e2010. Emerg Infect Dis 2013;19:551e8.

30. Puopolo KM, Eichenwald EC. No change in the incidence of
ampicillin-resistant, neonatal, early-onset sepsis over 18
years. Pediatrics 2010;125:e1031e8.

31. Nagano N, Nagano Y, Toyama M, Kimura K, Tamura T,
Shibayama K, et al. Nosocomial spread of multidrug-resistant
group B streptococci with reduced penicillin susceptibility
belonging to clonal complex 1. J Antimicrob Chemother 2012;
67:849e56.

32. Gonzalez JJ, Andreu A, Spanish Group for the Study of Peri-
natal Infection from the Spanish Society for Clinical Microbi-
ology and Infectious Diseases. Multicenter study of the
mechanisms of resistance and clonal relationships of Strepto-
coccus agalactiae isolates resistant to macrolides, lincosa-
mides, and ketolides in Spain. Antimicrob Agents Chemother
2005;49:2525e7.

33. Phares CR, Lynfield R, Farley MM, Mohle-Boetani J,
Harrison LH, Petit S, et al. Epidemiology of invasive group B
streptococcal disease in the United States, 1999e2005. JAMA
2008;299:2056e65.

34. Borchardt SM, DeBusscher JH, Tallman PA, Manning SD,
Marrs CF, Kurzynski TA, et al. Frequency of antimicrobial
resistance among invasive and colonizing Group B strepto-
coccal isolates. BMC Infect Dis 2006;6:57.

35. Zimmermann P, Gwee A, Curtis N. The controversial role of
breast milk in GBS late-onset disease. J Infect 2017;74:
S34e40.

36. Yusef D, Shalakhti T, Awad S, Algharaibeh H, Khasawneh W.
Clinical characteristics and epidemiology of sepsis in the
neonatal intensive care unit in the era of multi-drug resistant
organisms: a retrospective review. Pediatr Neonatol 2018;59:
35e41.

Appendix A. Supplementary data

Supplementary data related to this article can be found at
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