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Abstract

Introduction: This study aimed to characterize antimicrobial resistance (AMR), molecular determinants of AMR and virulence, as well as clonal
relationship of Streptococcus agalactiae isolates from women at 35-37 weeks of gestation in the Chaoshan metropolitan area of southern China.
Methodology: Bacterial strains isolated from vaginal swabs were identified and antimicrobial susceptibility tests were performed by using a
Vitek 2 Compact system (BioMérieux, France). Resistance and virulence genes were detected by polymerase chain reaction (PCR) and the
clonal relationship was analysed by multiple locus variable number tandem repeat analysis (MLVA). Statistical analysis was carried out by
using SPSS software, version 19.0.

Results: All GBS were susceptible to benzylpenicillin, ampicillin, quinupristin/dalfopristin, tigecycline, linezolid and vancomycin, but a
considerable proportion was resistant to clindamycin (29.67%), erythromycin (46.15%), azithromycin (63.74%), tetracycline (84.62%) and
quinolones (25.27%). The carrier rates of ermB (69.04%) and mefA/E (64.28%) were detected in these GBS strains resistant to erythromycin.
In terms of MLVA detection, 91 GBS strains were categorized into 43 genotypes and 6 clusters. All GBS harboured 4y/B and cy/E genes, most
of which carried a combination of P/-1 and PI-2a genes as a common virulence gene profile.

Conclusions: The high level of resistance conferred by some corresponding resistance genes to macrolides, lincosamides and quinolones of
GBS isolates from pregnant women in southern China, has reinforced the necessity for monitoring GBS strain resistance to the above agents.
Comparative genetic studies of GBS isolates, especially efforts to understand the relationship between pilus islands and genotype, were essential
for conducting infection control and epidemiological comparisons between countries.
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Introduction Prevention of United States in all the pregnant women

Streptococcus agalactiae (group B streptococcus,
GBS), acommon commensal of the female genital tract,
has been considered the main cause of neonatal sepsis
and meningitis and as the most common agent of
invasive infections in pregnant women [1]. According
to the previous studies in different countries,
approximately 10.00%-31.50% of pregnant women are
vaginally and/or rectally colonized with GBS [2-6]. The
universal screening for maternal GBS colonization at
35 to 37 weeks’ gestation and the use of intrapartum
antibiotic prophylaxis have resulted in a nearly 80%
reduction in the rate of neonatal GBS infection over the
past 15 years, from 1.7 cases per 1,000 live births in the
early 1990s to 0.34-0.37 cases per 1,000 live births in
recent years [7]. Prenatal GBS screening is
recommended by the Center for Disease Control and

between 35 and 37 weeks of gestation [7]. In China,
prenatal GBS screening is also a reference project in
pregnant women.

GBS has been continuously susceptible to penicillin
and other p-lactams. However, resistance to
antimicrobials used as alternative therapy, especially
macrolides, lincosamides and quinolones has been
documented in different countries [4,8]. Erythromycin
and clindamycin are given in cases in which there is a
high risk of anaphylaxis to penicillin [9]. However,
increasing resistance of GBS to erythromycin and
clindamycin has been reported worldwide [10]. In GBS
isolates, macrolide resistance is mediated mainly by
two classes of resistance genes: the mef genes and the
erm genes [11]. The erm(B), erm(A) and mef(4) genes
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have been detected in 70.51%, 46.15% and 6.41% of
156 GBS strains in Spain, respectively [12].

Quinolones are generally not used to treat GBS
infections in pregnant women and newborns in China,
but they are widely used for clinical and agricultural
applications [13]. The continued widespread use of
quinolones may increase the resistance of various
pathogens, including S. agalactiae, to these drugs [14].
However, specific mutations found in a region of the
parC and gyrA/B genes, called the quinolone resistance-
determining region (QRDR), shows result in decreased
binding to and activity of quinolones and represents the
main mechanism of resistance to quinolones in GBS
[15].

Pilus islands, haemolysins, and hyaluronidases
played important roles in GBS adaptation and host
specificity, and disease progression [16,17]. The
hyaluronidase encoded by the /y/B gene promotes the
spread of bacteria in host cells [16]. The product of the
gene cylE is a pore-forming toxin, referred to as
extracellular B-haemolysin/cytolysin (B-H/C), which is
toxic to a broad range of eukaryotic cells and results in
cell invasion and evasion of phagocytosis [16]. Three
pilus islands (PI-1, PI-2a, and PI-2b) had been
identified, which encoded different pilus structures that
mediated interactions with host cell [18,19]. Few
studies, however, have characterized the distribution
and genetic diversity of each PI in GBS strains from
pregnant women in southern China.

Maternal and neonatal populations were those most
commonly infected by GBS, and previous reports had
mostly focused on the epidemiology of these special
populations in other counties; however, little was
known about the molecular characterization of the GBS
isolates colonized in pregnant women in southern
China. Therefore, this study was conducted to
investigate and characterize the antimicrobial
resistance, resistance genes, virulence determinants and
genotypes of 91 GBS isolates collected from pregnant
women in Chaoshan metropolitan area of southern
China in 2015.

Methodology
Bacterial isolates

This study was conducted at the obstetrical
department of a tertiary-level teaching hospital
affiliated to the Shantou University Medical College
(SUMC) in Shantou city in Guangdong, a populous
province in southern China. The hospital (a tertiary-
level teaching hospital with 1816 inpatient beds) serves
the Chaoshan metropolitan area area in eastern
Guangdong. A total of 91 non-duplicated GBS isolates
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were systematically collected from vaginal swabs of
pregnant women at 35-37 weeks of gestation during the
period of January 1* to December 31%, 2015. These
strains had previously been identified on the basis of
Gram staining, colony morphology, B-haemolysis, and
a positive CAMP test [20] on blood agar and were
further identified by using Vitek 2 Compact system
(bioMérieux, Lyon, France). Enterococcus
casseliflavus (ATCC 700327) was used as the quality
control strain for the GP card. Strains were stored at -
80°C in the brain heart infusion broth containing 20%
glycerol and 5% sheep blood.

Antimicrobial susceptibility tests

Antimicrobial susceptibility tests containing
benzylpenicillin, ampicillin, clindamycin,
erythromycin, levofloxacin, quinupristin/dalfopristin,
tetracycline, tigecycline, linezolid, vancomycin,
ciprofloxacin and moxifloxacin were obtained by using
the Vitek 2 compact system with the AST-GP67 card
assembly kits (BioMérieux, Lyon, France), according
to the manufacturer’s instructions. Antimicrobial
susceptibility test (AST) results for MICs (minimum
inhibitory concentrations) were interpreted according to
the criteria recommended by the Clinical and
Laboratory Standards Institute [21]. Staphylococcus
aureus (ATCC 29213) was used as a quality control
strain.

DNA extraction

Whole genomic DNA was extracted by using
TIANamp Bacterial DNA Kit according to the
manufacturer’s instructions (Tiangen Biotech, Beijing,
China).

Detection of antimicrobial resistance genes and
virulence determinant genes

Detection of antimicrobial resistance genes by PCR
amplification was carried out with specific primers to
screen for the following genes of interest (shown in the
supplementary table): macrolide resistance genes
(ermB, ermTR and mefA/E), fluoroquinolone resistance
genes (gyrd, gyrB and parC), and virulence
determinant genes (cylE, hylB, CAMP, PI-1, PI-2a and
PI-2b), as had been described in the literatures [16,22].
Gene sequences were analysed by the Huada Genomics
Company (Shen Zhen, China). The nucleotide
sequences obtained were aligned with DNAMAN
software. Streptococcus agalactiae strain 2603 V/R
(ATCC BAA-611; GenBank accession number
NC004116) was used as a reference strain for
comparative analysis [22].
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Table 1. Correlation analysis for phenotypes and genotypes in macrolide antibiotics.

Erythromycin c¢cMLSg iMLSp
Resistance genes Resistance Resistance Resistance
rate (%) B P rate (%) B P rate (%) B P
ermB 69.04 -14.116 0.000 90.00 -14.73 0.001 45.45 -13.366 0.054
mef(A/E) 64.28 -29.394 0.000 55.00 -14.206 0.022 77.72 -17.173 0.000
erm(TR) 4.76 -0.769 0.054 0.000 0.997 9.09 -14.975 0.026
ermB+mef(A/E) 35.71 26.542 0.027 45.00 13.226 0.112 22.72 15.381 0.004
mef(A/E)+erm(TR) 2.38 0.821 1.000 14.206 0.996 4.54 0.138 1.000
B: Partial regression coefficient by logistic correlation.
Multiple-locus VNTR analysis (MLVA) Resistance genes

The genetic relationship between the strains was
analysed by MLVA genotyping of the following six
variable number tandem repeat (VNTR) alleles: SAG2,
SAG3, SAG4, SAG7, SAG21, SAG22 [23].
Amplification and electrophoresis were performed as
described in the literatures [23-25]. Determination of
the Hamming’s distance (also called the categorical
coefficient) and the unweighted pair-group method with
arithmetic mean (UPGMA) for cluster category were
run with NTSY Spc2.10e software, which made out the
minimum spanning tree (MST) [26].

Statistical analysis

Statistical analysis on the relationship between AST
and genotypes was performed by the logistic correlation
method, while Spearman correlation was used to
determine the relevance for antimicrobials, pilus islands
and amino acid substitutions carried out with SPSS 19.0
software. Values of P < 0.05 was considered to be
statistically significant.

Results
Antimicrobial susceptibility

For antimicrobial susceptibility profiles, all GBS
strains were susceptible to benzylpenicillin, ampicillin,
quinupristin/dalfopristin, tigecycline, linezolid and
vancomycin. Resistance to clindamycin, erythromycin,
azithromycin and tetracycline was detected in 27, 42,
58 and 77 strains, which accounted for 29.67%,
46.15%, 63.74% and 84.62%, respectively. In addition,
resistance  to  levofloxacin, ciprofloxacin and
moxifloxacin was the same as 25.27% (Figure 1).

As shown in Table 1, among the 42 isolates resistant
to erythromycin, 69.04% of them (29/42, B = -14.116,
P <0.001) carried the ermB gene while 64.28% (27/42,
B =-29.394, P < 0.001) carried the mef(4A/E) gene. A
total of 35.71% of the strains (15/42, B = 26.542, P <
0.05) harboured the combination of ermB and mef(A/E)
genes. For the 22 strains displaying the inducible
macrolide-lincosamide-streptogramin B~ (iMLSg)
phenotype, 16 strains (77.73%, B=-17.173, P <0.001)
were detected the mef(A/E) gene and 5 strains (22.73%,
B = 15.381, P < 0.005) were found carriage for both
mef(A/E) and ermB genes. However, ten strains
(45.45%, B = -13.366, P>0.05) only carried the ermB
while two strains (9.09%, B =-14.975, P <0.05) carried
the erm(TR) gene.

Figure 1. Antimicrobial susceptibility profiles of 91 GBS
isolates.
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Table 2. Mutation types of amino acid substitutions based on phenotypic and genotypic characterizations of quinolone antimicrobials.

Mutation Proportion MIC (pg /mL) Amino acid substitution
type (%) Lev Cip Mxf GyrA GyrB ParC
I 435 >8 >8 8 S81L - S79Y
I 65.22 >8 >8 4 S81L - S79Y
1 8.70 >8 >8 4 — — S79Y
v 17.39 >38 4 4 S8IL — S79Y
A% 4.35 >8 4 4 - - S79Y

Lev: Levofloxacin; Cip: Ciprofloxacin; Mxf: Moxifloxacin; S: serine; L: leucine; Y: tyrosine.
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Figure 2. Clonal relationship analysis was performed by using the UPGMA algorithm of the NTSY Spc2.10e software.

J Infect Dev Ctries 2019; 13(9):802-809.

L L L N S x&;{ﬁy-x«“ o Strain s oy Genes Lev Cip  Mxf gg'lcls.lvyees oA
004 0.28 052 0.76 1003 351 1 2 ms0 PLItPI2a + ermBHmef(A/E)  >8.00 =800 800 MTI
3331 1 2 m0 PHI+PI2a + ermB+mef(A/E) =800 =800 4.00 MTI
333 1 1 2 M8 PLI+PI2a — ermB =800 2800 400 MTI
333112 m32 PI+P2a + ermB >8.00 >800 400 MTI
33311 2 m40 PLI + ermB+meflA/E)  >8.00 >8.00 4.00 MT1
333 1 1 2 m45 PLI+PI2a + ermB+mef(A/E) =800 =800 400 MTI
33311 2 m8l PLI4+PI2a + ermB+mef(A/E)  >8.00 =800 4.00 MTI1
3331 1 2 m0l PLI+PI2a + mef{A/E) =800 >8.00 4.00 MTI
3331 1 2 m03 PHI+PI2a + erm(TR)+mef(A/E) >8.00 >8.00 4.00 MTI
3331 12 w75 PLI+PI2a — ermB+meflA/E)  >8.00 >8.00 4.00 MT1
3331 12 m02 PHI+PI2a + — >8.00 >8.00 4.00 MTI
333112 w78 PLi+Pl2a + — >8.00 >8.00 4.00 MTI
3331 1 2 m46 PEI+P2a + — >8.00 >8.00 4.00 MTI
333112 m57 PHI+Pl2a + — >8.00 =800 400 MTI
3331 1 2 w6 PLI+Pl2a + — =800 2800 4.00 MTI
3331 1 2 m39 PEI+P2a + mef(A/E) >800 >800 400 MTI MLVA
3331 1 2 w5 PLI+PI2a + mef(A/E) >8.00 =800 400 MT1  Clusterl
3331 1 2 M0 PHI+PI2a — em(TR) =800 2800 400 MTI
3331 1 2 mll PHI+PI2a + ermB+mef(A/E) =800 400 400 MTI
a 333 1 1 2 W30 PLI+PI2a + ermBimef(A/E) 2800 400 400 MTIL
33311 2 m8 PLI+P2a + ermB =800 400 400 MTI
333112 m53 PLI+Pl2a + — >800 400 400 MTI
3331 1 2 m09 PLI+PI2a — mef{A/E) >800 4.00 4.00 MTL
333112 m55 PLI+PI2a + — 1.00 =0.50 <0.25 MTI
333112 m58 PLI+PI2a + erm(TR) 1.00 <0.50 <025  MT1
33111 2 m06 PLI+PI2a + ermB 0.50 <0.50 <0.25 MT2
—{ 3311 1 2 m63 PLI+Pl2a + emB 0.50 <0.50 <0.25  MT2
3311 1 2 m8 PLI+PI2a + ermB 0.50 <0.50 <0.25  MT2
33211 2 m36 PH+Pl2a + emB 0.50 <0.50 <0.25 MT3
—{ 3321 1 2 m49 PLI+PI2a + ermB+mef(A/E) 0.50 <0.50 <0.25  MT3
3321 1 2 m89 PLI+P2a + ermB 025 <050 <025 MT3
3335353 W77 PLI+4PL2a + — 1.00 =0.50 <0.25 MT4
{3555 1 3 ms2 pLiipiza erm(TR) 0.50 <0.50 <0.25  MTS
373TTE Y AR P2 T mef(ATE) T007<0507<025 MTe
3310 124 m05 Pl2a + - 1.00 <0.50 <0.25  MT7
1 3310 124 m07 Pl2a + - 0.50 <0.50 <0.25 MT7
3310125 m33 Plla + - 1.00 <0.50 <0.25 MTS8 MLVA
4310 115 m2 Pl2a + - 050 <050 <025 MT9  Cluster2
4(:‘ 4310 115 m25 Pl2a + - 0.50 <0.50 <0.25 MT9
4310125 m44 Pl2a  + — 1.00 =0.50 <0.25 MT10
3RS AR PRIy T (0071007650 MTTi
i—: 333676 m0 PLL —  mef{A/E) 1.00 200 050 MTI2
3336 136 m83 PLI + mef{A/E) 2.00 200 1.00 MTI3
3312 146 ml4 Pl2a + ermB 0.50 <0.50 <0.25 MTI4
331 2 146 m6e6 Plla + emB 0.50 <0.50 <025  MTI4
3312 146 ™2 PL2a + emB 0.50 <0.50 <0.25 MTI4
3312 146 m69 PL1+4PL2a + emB 0.50 <0.50 <0.25 MTI4
331 2 146 M85 PLI+PL2a + ermB 050 <0.50 <025 MTI4 MLVA
3312 146 m88 Pl-1+Pl2a + emB 1.00 <0.50 <025 MTI14 Cluster3
L— 3311 146 mI9 Pl2a + emB 0.50 <0.50 <0.25  MTIS
3311 146 m62 Pl2a + ermB 050 <0.50 <0.25  MTI6
331276 m64 PLI+PI2a + ermB 0.50 <0.50 £0.25  MTI7
331 2 156 W87 PLI+PL2a + — 050 <0.50 <025 MTIS
3312133 ml6 PL1 - = 1.00 <0.50 <025 MT19
3312 136 m47 PLI+PL2a + ermB 1.00 =0.25 <0.25  MT20
3312 136 m48 PL1+PL2a + ermB+Hmef(A/E) 1.00 <050 <0.25  MT20
— KA [V S T K R & Y = 0.307<0.350 <025 MT21
3220985 67 Pl2b + - 1.00 <0.50 <0.25 MT22
421975 29 Pl2b + mef{(A/E) 1.00 =0.50 <0.25 MT23
321975 73 PL2b + emB 0.50 <0.50 <0.25 MT24  MLVA
321985 91 Pl2b + ermB 1.00 <0.50 <0.25 MT25 Cluster4
321 8355 27 PL2b + - 1.00 <0.50 <0.25 MT26
— 321 8 125 51 PL2b + mef(A/E) 050 <0.50 <025  MT27
321 8155 54 Pl2b + = 0.50 <0.50 <0.25  MT28
33O WA TPLh FermiB 0.507<0/307<025 MT29
23410155 m70 Pl2b + - 050 <050 <025  MT30
33410144 m74 Pl2b + ermB 1.00 <0.50 <0.25 MT31
334 10115 W34 PL2b — ermB 1.00 <050 <025 MT32
33 410155 m35 Pl2b + - 1.00 <050 <025  MT33
33 4 10405 W41 PlL2b + emB 1.00 =0.50 <0.25 MT34
334 10405 m79 Pl2b + ermB 1.00 <0.50 <025 MT34 MLVA
3341075 m8 PL2b + - 1.00 =0.50 <0.25 MT35 Cluster 5
3341005 m6 PL2b + - 0.50 <0.50 <0.25  MT36
3349 405 m37 PL2b + ermB 050 <050 <0.25  MT37
33409 145 m52 PL2b + ermB 1.00 =0.50 <0.25 MT38
334925 m7l PL2b + - 1.00 <0.50 <0.25 MT39
3.3.4.8 405 m76_Pl2b 4+ ermB 0.50 <0.50 <0.25  MT40
3RS 5 —ermBFmef{AJE) 2007 <0.50" <0025 "MT41
222573 mi7 Pi2b + emB 0.50 <0.50 <0.25  MT4l
222573 M3 P2 + ermB 0.50 <0.50 <0.25  MT4l
222573 mM90 PL2b + ermB+mef(A/E) 050 <050 <025  MT4l
22256 3 M2 PLI+PI2b + mef(A/E) 0.50 <0.50 <0.25  MT42
22256 3 m5% PLI+PI2b + mef(A/E) 1.00 <0.50 <0.25 MT42
222563 M8 PLI+PI2y + — 050 <050 <025 MT42  MLVA
222563 M4 PI2b + ermB 0.50 <0.50 <025 MT42 Cluster6
222563 M6 Pl2b + ermB 0.50 <0.50 <025 MT42
222563 M3 Pl2b + ermB+mef(A/E) 1.00 <0.50 £0.25 MT42
= 222563 M2 PI2b + ermB+mef(A/E) 050 <0.50 <025 MT42
222563 m9 P2 + ermB 1.00 =0.50 <0.25 MT42
L 222463 m6l Pl +  ermB+mef{A/E) 0.50 <0.50 <0.25  MT43
222463 w72 PI2b + ermB+mef(A/E) 0.50 <0.50 <0.25 MT43

91 GBS isolates were grouped into 6 clusters by the following characterizations: distribution of hemolysis pattern, pilus islands, CAMP factor, resistance
genes, MICs of quinolone-resistance and MLVA types. Numbers of repeats were shown in each MLV A marker. The different clusters were marked with

different colors: Cluster 1—blue; Cluster 2— light green; Cluster 3—pink; Cluster 4—yellow; Cluster 5—dark green; Cluster 6—red.
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In terms of detection of the constitutive MLSg (cMLSg)
phenotype, 90.00% (18/20, B =-14.73, P <0.001) and
55.00% (11/20, B = -14.206, P < 0.05) harboured the
ermB and mef(A/E) genes, respectively.

According to the mutation patterns of amino acid
substitutions for quinolone antimicrobials, 23 GBS
isolates which were insensitive to levofloxacin,
ciprofloxacin and moxifloxacin, could be categorized
into five patterns (Table 2). Pattern II was the
predominant mutation form ( 65.22%, 15/23), in which
strains showed resistance to levofloxacin and
ciprofloxacin but intermediate to moxifloxacin, with
amino acid substitutions such as S81L in gyr4 and
S79Y in parC, respectively. Meanwhile, these two
amino acid substitutions were also detected in the
strains belonging to pattern I, II and IV of 20 GBS
isolates (86.96%, 20/23), while the rest ones (pattern 111
and V) conducted the only one substitution as S79Y.
Synthetically, among the 23 Ilevofloxacin-resistant
strains, all had mutations in gyrd (86.95%, 20/23)
and/or parC (100%, 23/23), without any mutation in
gvrB gene. The majority of isolates with mutations
displayed the same types of substitutions, such as S79Y
(P <0.001) and S81L (P <0.001) (Table 3). However,
three strains (No. 15, 18, and 40) showed resistance to
levofloxacin, but no mutations were found in gyr4
gene.

Detection of virulence determinants

PCR results showed that all strains carried at least
one pilus island and both of 4y/B and cy/E genes (Figure
2). Nine (9.9%) of the 91 GBS strains were CAMP
factor-negative. Most of strains harboured P/-2a alone
(13.19%, 12/91, P <0.01), or in combination with PI-/
(42.86%, 39/91, P <0.001) (Table 3). The combination
of PI-1 and PI-2a was present in both cluster 1 and 3.
The presence of PI-2b was uniquely observed in 32
strains (35.16%, 32/91, P < 0.01) which belonged to
cluster 4 to 6. Additionally, PI-/ was found in
combination with PI-2b (4.40%, 4/91, P>0.05).

J Infect Dev Ctries 2019; 13(9):802-809.

GBS strain origins and genotypes detected by MLVA

The clonal relationship of 91 GBS isolates was
assessed by MLVA (Figure 2). A total of 43 different
MLVA types (MTs) were identified with a diversity
index of 0.91. Six MLVA clusters were identified. The
two major groups of similar MLVA profiles consisted
of 25 (MT1, 27.5%) and 8 (MT42, 8.8%) isolates. In
cluster 1, all isolates resistant to levofloxacin (25.27%,
23/91) belonged to the MT1 profile, and the majority of
those isolates (95.56%, 22/23) harboured both PI-/ and
PI-2a genes.

Discussion

The increasing emergence of resistance to
macrolides among GBS isolates is a therapeutic
problem among patients who are allergic to B-lactams
[13]. In our study, all strains were uniformly susceptible
to penicillin, consistent with a previous report [13],
indicating that penicillin remains an appropriate first-
line agent option for treating GBS in genital infection
for intrapartum. However, the resistance rates of
erythromycin and clindamycin were 46.15% (42/91)
and 29.67% (27/91), respectively. In comparison, the
resistance rates of erythromycin and clindamycin in
Chaoshan metropolitan area were lower than those in
Beijing (85.7% and 73.2%, respectively) [14] and
Shanghai (69.0% and 50.6%) [27], similar to France
(46.0% and 37.8%) [28], but much higher than those in
India (14.3% and 0.0%) [29] and Brazil (4.1% and
3.0%) [30]. Based on the observation in the high
resistance to erythromycin in our study, we proposed
that erythromycin should not be a priority antibiotic
choice for intrapartum GBS chemoprophylaxis.
Notably, The American CDC guidelines no longer
recommend erythromycin as a routine antimicrobial for
the treatment of GBS infection [9]. Generally,
antimicrobial therapy should be guided by the
antimicrobial susceptibility test and necessity for the
continuous monitoring of antimicrobial susceptibility
profiles should also be emphasized, as well.

Table 3. Correlation analysis for antimicrobials, pilus islands and amino acid substitutions.

Items Erythromycin Levofloxacin Ciprofloxacin Moxifloxacin
Rho P Rho P Rho P Rho P

PI-1 0.204 0.052 0.460 0.000 0.574 0.000 0.607 0.000
PI-2a -0.027 0.797 0.273 0.009 0.368 0.000 0.397 0.000
PI-2b -0.003 0.977 -0.341 0.001 0.445 0.000 -0.472 0.000
PI-1+ PI-2a 0.181 0.086 0.436 0.000 0.527 0.000 0.566 0.000
PI-1+ PI-2b -0.013 0.904 -0.082 0.437 -0.044 0.675 -0.048 0.652
S81L 0.263 0.012 0.731 0.000 0.861 0.000 0.873 0.000
S79Y 0.334 0.001 0.800 0.000 0.938 0.000 0.955 0.000
S8IL+S79Y 0.263 0.012 0.731 0.000 0.861 0.000 0.873 0.000

Rho: the correlation coefficient by Spearman.
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One of the main goals of this study was to determine
the genetic basis of antimicrobial resistance. Among the
91 erythromycin-resistant strains, 42 carried one or two
of three resistance genes (ermB, mefA/E, and ermTR).
The high carrier rates of ermB and mef4/E implied that
these two resistance genes might be the main
mechanisms of GBS resistance to erythromycin. That
the iIMLSg isolates carried ermB and mefA/E at the same
time showed consistency with the published data [16].
In our study, ermTR and iMLSg were found by
statistical analysis to be correlated (P = 0.026). To our
knowledge, there are no relevant previous reports
similar to this finding. The high level of resistance
conferred by these resistance genes reinforces the
necessity for monitoring GBS strain resistance to
macrolides and lincosamides.

The incidence of levofloxacin and ciprofloxacin
resistance in this study was both 25.27%, which was
lower than that reported in China (37.7%), but higher
than that in Japan (18.4%) and the United States (4.4%)
[31]. One of the mechanisms of GBS resistance to
quinolones is mutations in subunits A and B of the DNA
topoisomerases (gyr4, gyrB, and parC) [13, 31]. In our
study, the patterns of mutations detected in the QRDR
of Gyr4 and ParC were S81L and S79Y, respectively,
without mutations in GyrB. Such finding was similar to
other studies [13], indicating that the quinolone-
resistance mutations in GBS isolates were mainly due
to substitutions in the parC and gyrA genes. Although,
to the best of our knowledge, amino acid substitutions
in GyrB have not been reported in GBS, the E476K
substitution (corresponding to the E474K substitution
in S. pneumoniae) may contribute to fluoroquinolone
resistance [22].

In our study, at least one type of pilus island could
be detected in each GBS isolate, and most GBS isolates
carried the combination of P/-/ and PI-2a genes,
consistent with previous reports [32]. All GBS
harboured Ay/B and cy/E genes, most of which carried
a combination of PI-/ and P[-2a genes as a common
virulence gene profile. Springman [ 18] reported that the
presence of PI-1 might increase the adaptability and
colonization potential of certain strains in the human
body. This pilus island allowed them to establish a
niche in pregnant mothers and increase the likelihood
of opportunistic infections and their subsequent spread
to susceptible newborns. However, further studies and
larger sample sizes are required to identify the
continued colonization, invasion, and disease-related
relationships of different pilus islands in GBS.
Therefore, strengthening our understanding of PI
distribution patterns and the genetic diversity of strains
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from different sources and geographic locations is
crucial for future efforts to develop GBS vaccines based
on pilus islands [33].

In this study, we applied MLVA to characterize the
genetic diversity of GBS isolates. This method
converted our experimental results into digital alleles,
which could be used to build a database for
communication between laboratories. The diversity
index obtained from our MLVA analysis for the
bacterial population in this experiment was 0.91, which
was higher than what had been reported in Brazil [16],
but lower than that in France [23]. However, despite the
close relatedness of several isolates, as judged by their
capsular type and presence of pilus islands, this
genotyping scheme could discriminate GBS isolates
[18]. In fact, a total of 43 different genetic groups had
been identified, which were further divided into 6 gene
clusters. Because there was a clear correlation between
gene cluster and PI profile, indicating that the PI genetic
background in each gene cluster might be well
conserved. All of the quinolone-resistant strains were
confined to MT1 in cluster 1, and the vast majority (22
out of 23 strains) carried P/-/ and PI-2a (only 1 strain
carried PI-1 alone). However, the correlation between
pilus islands and quinolone resistance had not been
studied, and the reason why this combination was only
distributed in MT1 had not been found yet. Further
research on these topics is needed in the future.

Conclusions

This study revealed high resistance to macrolides,
lincosamides and quinolones of GBS isolates from
pregnant women in southern China, compared to some
previous studies in other countries. The high level of
resistance was conferred by resistance genes to
macrolides, lincosamides and quinolones, which
reinforced the necessity for monitoring GBS strain
resistance to those agents. The genotypic characteristics
showed MT1 to be a predominant MT in GBS strains
from Chaoshan, which contributed to a better
understanding of the epidemiology of GBS isolates.
Comparative genetic studies of GBS isolates, especially
efforts to understand the relationship between pilus
islands and genotype, were essential for conducting
infection control and epidemiological comparisons
between countries.

Limitation

The low number of S. agalactiae strains obtained in
this study might lead to a slight deviation in the
analysis. The clinical impact of GBS infections among
affected patients had not been discussed. Some data
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such as treatment outcomes (e.g. mortality versus
discharge; birth outcomes), and hospitalization duration
had not been collected and analysed to provide a
measure on this regard.

Acknowledgements
This study was supported by grants from the Medical
Scientific Research Foundation of Guangdong Province,

China (A2019263),

Guangdong Provincial High-level

University Key Discipline Construction Fund for “Research
and Control of Infectious Diseases”, China (No0.2015048),
the Science and Technology Projects of Shantou City, China
(2017119).

References

1.

10.

Romanik M, Nowosielski K, Poreba R, Sioma-Markowska U,
Martiroisian G, Groborz J (2014) Streptococcus group B
serotype distribution in anovaginal isolates of women in term
pregnancy. Neuro Endocrinol Lett 35: 301-305.

Curry A, Bookless G, Donaldson K, Knowles SJ (2018)
Evaluation of hibergene loop-mediated isothermal
amplification assay for detection of group B streptococcus in
recto-vaginal swabs: a prospective diagnostic accuracy study.
Clin Microbiol Infect 24: 1066-1069.

Hong JS, Choi CW, Park KU, Kim SN, Lee HJ, Lee HR, Choi
EH, Park KH, Suh CS, Kim BI, Choi ST, Kim SS (2010)
Genital group B Streptococcus carrier rate and serotype
distribution in Korean pregnant women: implications for group
B streptococcal disease in Korean neonates. Journal of
perinatal medicine 38: 373-377.

Mengist A, Kannan H, Abdissa A (2016) Prevalence and
antimicrobial susceptibility pattern of anorectal and vaginal
group B Streptococci isolates among pregnant women in
Jimma, Ethiopia. BMC Res Notes 9: 351-355.

Sefty H, Klivitsky A, Bromberg M, Dichtiar R, Ami MB,
Shohat T, Glatman-Freedman A (2016) Factors associated with
choice of approach for Group B streptococcus screening. Isr J
Health Policy Res 5: 42-49.

Saha SK, Ahmed ZB, Modak JK, Naziat H, Saha S, Uddin MA,
Islam M, Baqui AH, Darmstadt GL, Schrag SJ (2017) Group B
Streptococcus among pregnant women and newborns in
Mirzapur, Bangladesh: Colonization, vertical transmission,
and serotype distribution. J Clin Microbiol 55: 2406-2412.
Verani JR, McGee L, Schrag SJ (2010) Prevention of perinatal
group B streptococcal disease-revised guidelines from CDC.
MMWR 59: 1-36.

Pinheiro S, Radhouani H, Coelho C, Goncalves A, Carvalho E,
Carvalho JA, Ruiz-Larrea F, Torres C, Igrejas G, Poeta P
(2009) Prevalence and mechanisms of erythromycin resistance
in Streptococcus agalactiae from healthy pregnant women.
Microb Drug Resist 15: 121-124.

Melo SC, Santos NC, Oliveira M, Scodro RB, Cardoso RF,
Padua RA, Silva FT, Costa AB, Carvalho MD, Pelloso SM
(2016)  Antimicrobial susceptibility of Streptococcus
agalactiae isolated from pregnant women.. Rev Inst Med Trop
Sao Paulo 58: 83-86.

Alp F, Findik D, Dagi HT, Arslan U, Pekin AT, Yilmaz SA
(2016) Screening and genotyping of group B streptococcus in

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

J Infect Dev Ctries 2019; 13(9):802-809.

pregnant and non-pregnant women in Turkey. J Infect Dev
Ctries 10: 222-226. doi: 10.3855/jidc.6190.

Murayama SY, Seki C, Sakata H, Sunaoshi K, Nakayama E,
Iwata S, Sunakawa K, Ubukata K, Invasive Streptococcal
Disease Working G (2009) Capsular type and antibiotic
resistance in Streptococcus agalactiae isolates from patients,
ranging from newborns to the elderly, with invasive infections.
Antimicrob Agents Chemother 53: 2650-2653.

Betriu C, Culebras E, Gomez M, Rodriguez-Avial I, Sanchez
BA, Agreda MC, Picazo JJ (2003) Erythromycin and
clindamycin resistance and telithromycin susceptibility in
Streptococcus agalactiae. Antimicrob Agents Chemother 47:
1112-1114.

Lee WT, Lai MC (2015) High prevalence of Streptococcus
agalactiae from vaginas of women in Taiwan and its
mechanisms of macrolide and quinolone resistance. J
Microbiol Immunol Infect 48: 510-516.

Wang P, Tong JJ, Ma XH, Song FL, Fan L, Guo CM, Shi W,
Yu SJ, Yao KH, Yang YH (2015) Serotypes, Antibiotic
Susceptibilities, and Multi-Locus Sequence Type Profiles of
Streptococcus agalactiae lIsolates Circulating in Beijing,
China. Plos One 10: e0120035.

Ki M, Srinivasan U, Oh KY, Kim MY, Shin JH, Hong HL,
Dang T, Britt Z, Foxman B (2012) Emerging fluoroquinolone
resistance in Streptococcus agalactiae in South Korea. Eur J
Clin Microbiol Infect Dis 31: 3199-3205.

Otaguiri ES, Morguette AEB, Tavares ER, dos Santos PMC,
Morey AT, Cardoso JD, Perugini MRE, Yamauchi LM,
Yamada-Ogatta SF (2013) Commensal Streptococcus
agalactiae isolated from patients seen at University Hospital of
Londrina, Parana, Brazil: capsular types, genotyping,
antimicrobial susceptibility and virulence determinants. Bmc
Microbiol 13: 297-306.

Burnham CA, Shokoples SE, Tyrrell GJ (2007) Racl, RhoA,
and Cdc42 participate in HeLa cell invasion by group B
streptococcus. FEMS Microbiol Lett 272: 8-14.

Springman AC, Lacher DW, Waymire EA, Wengert SL, Singh
P, Zadoks RN, Davies HD, Manning SD (2014) Pilus
distribution among lineages of group b streptococcus: an
evolutionary and clinical perspective. Bmc Microbiol 14: 159-
169.

Lauer P, Rinaudo CD, Soriani M, Margarit I, Maione D, Rosini
R, Taddei AR, Mora M, Rappuoli R, Grandi G, Telford JL
(2005) Genome analysis reveals pili in group B Streptococcus.
Science 309: 105-105.

Ratner HB, Weeks LS, Stratton CW (1986) Evaluation of spot
CAMP test for identification of group B streptococci. J Clin
Microbiol 24: 296-297.

CLSI (2015) Performance Standards for Antimicrobial
Susceptibility ~ Testing; Twenty-Fifth Informational
Supplement. CLSI Document M100-S25. Wayne, PA: Clinical
and laboratory standards institute (ISBN 1-56238-989-0).
Nagano N, Nagano Y, Toyama M, Kimura K, Tamura T,
Shibayama K, Arakawa Y (2012) Nosocomial spread of
multidrug-resistant group B streptococci with reduced
penicillin susceptibility belonging to clonal complex 1. J
Antimicrob Chemother 67: 849-856.

Haguenoer E, Baty G, Pourcel C, Lartigue MF, Domelier AS,
Rosenau A, Quentin R, Mereghetti L, Lanotte P (2011) A multi
locus variable number of tandem repeat analysis (MLVA)
scheme for Streptococcus agalactiae genotyping. BMC
Microbiol 11: 171-183.

808



Guo et al. — Streptoccus agalactiae in Pregnant Women

24.

25.

26.

27.

28.

29.

30.

Chapman D (1996) The measurement of molecular diversity: a
three-dimensional approach. J Comput Aided Mol Des 10:
501-512.

Hunter PR, Gaston MA (1988) Numerical index of the
discriminatory ability of typing systems: an application of
Simpson's index of diversity. J Clin Microbiol 26: 2465-2466.
Rohlf FJ (1987) NTSYS-pc: Microcomputer programs for
numerical taxonomy and multivariate analysis. Am Stat 41:
330-330.

Jiang HQ, Chen ML, Li TM, Liu H, Gong Y, Li M (2016)
Molecular characterization of Streptococcus agalactiae
causing community- and hospital-acquired infections in
Shanghai, China. Front Microbiol 7: 1308-1318

Bergal A, Loucif L, Benouareth DE, Bentorki AA, Abat C,
Rolain JM (2015) Molecular epidemiology and distribution of
serotypes, genotypes, and antibiotic resistance genes of
Streptococcus agalactiae clinical isolates from Guelma,
Algeria and Marseille, France. Eur J Clin Microbiol 34: 2339-
2348.

Sharmila V, Joseph NM, Arun Babu T, Chaturvedula L, Sistla
S (2011) Genital tract group B streptococcal colonization in
pregnant women: a South Indian perspective. J Infect Dev
Ctries 5: 592-595. doi: 10.3855/jidc.1551.

Dutra VG, Alves VMN, Olendzki AN, Dias CAG, de Bastos
AFA, Santos GO, de Amorin ELT, Sousa MAB, Santos R,
Ribeiro PCS, Fontes CF, Andrey M, Magalhaes K, Araujo AA,
Paffadore LF, Marconi C, Murta EFC, Fernandes PC, Raddi
MSG, Marinho PS, Bornia RBG, Palmeiro JK, Dalla-Costa
LM, Pinto TCA, Botelho ACN, Teixeira LM, Fracalanzza SEL
(2014)  Streptococcus agalactiae in Brazil: serotype

31.

32.

33.

J Infect Dev Ctries 2019; 13(9):802-809.

distribution, virulence determinants and antimicrobial
susceptibility. Bmc Infect Dis 14: 323-332.

Kawamura Y, Fujiwara H, Mishima N, Tanaka Y, Tanimoto
A, lkawa S, Itoh Y, Ezaki T (2003) First Streptococcus
agalactiae isolates highly resistant to quinolones, with point
mutations in gyrA and parC. Antimicrob Agents Chemother
47:3605-3609.

Madzivhandila M, Adrian PV, Cutland CL, Kuwanda L, Madhi
SA, Po PSTT (2013) Distribution of pilus islands of group B
streptococcus associated with maternal colonization and
invasive disease in South Africa. J Med Microbiol 62: 249-253.
Margarit I, Rinaudo CD, Galeotti CL, Maione D, Ghezzo C,
Buttazzoni E, Rosini R, Runci Y, Mora M, Buccato S, Pagani
M, Tresoldi E, Berardi A, Creti R, Baker CJ, Telford JL,
Grandi G (2009) Preventing bacterial infections with pilus-
based vaccines: the group B streptococcus paradigm. J Infect
Dis 199: 108-115.

Corresponding author

Yuanchun Huang,

First Affiliated Hospital of Shantou University Medical College,
No. 57 Changping Road, Jinping District, Shantou City,
Guangdong, P.R. China, 515041

Tel: +86-0754-88905266

Fax: 0754-88259850

Email: ychun h@]126.com

Conflict of interests: No conflict of interests is declared.

809



Guo et al. — Streptoccus agalactiae in Pregnant Women

Annex — Supplementary Items

Supplementary Table 1. Primer sequence descriptions for resistance and virulence genes.
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Product Accession
Genes Sequence (5'->3") Length length number
F: ATTGGAACAGGTAAAGGGC 19 NG047798.1/
ermB 442
R: GAACATCTGTGGTATGGCG 19 EF422365.1
F: GAAGTTTAGCTTTCCTAA 18 KP898896.1/
ermTR 395
R: GCTTCAGCACCTGTCTTAATTGAT 24 CP007631.2
F: GCGATGGTCTTGTCTATGGCTTCA 24 DQ445273.1/
mefA/E 225
R: AGCTGTTCCAATGCTACGGAT 21 DQ445269.1
F: GCCATGAGTGTCATTGTTGC 20 CP010875.1/
grd 599
R: ATCACCAAGGCACCAGTAGG 20 CP012480.1
F: TTTCGTACTGCCTTGACACG 20 CP012503.1/
grB 650
R: TCAACATCGGCATCAGTCAT 20 CP016391.1
F: CGTTTTGGGCGCTATTCTAA 20 CP016391.1/
parC 607
R: TAGCGCCAGTTGGAAAATCT 20 CP015976.1
F: TGTCTCCGAGGTGACACTTGAACT 24 U15050.1/
hylB 124
R: TTGTGTTGTGACGGGTTGTGGATG 24 Y15903.1
F: TCGGAACAAGTAAAGAGGGTTCGG 24 AF093787.2/
cylE 130
R: GGGTTTCCACAGTTGCTTGAATGT 24 AF157015.2
F: CCAGGATAGGCGCCAAGAAT 20
CAMP 363 X72754,.1
R: TTTTGAGCCATTTGCTGGGC 20
F: AACCACTAGCAGGCGTTGTCTTTG 24 EU929540.1/
PI-1 147
R: TGAGCCCGGAAATTCTGATATGCC 24 EU929469.1
F: GCCGTTAGATGTTGTCTTCGTACT 24 EU929374.1/
PI-2a 117
R: TTTACTGCGGTCCCAAGAGCTTC 23 EU929330.1
F: AAGTCTTGACCAAGGATACGACGC 24 EU929426.1/
PI-2b 150
R: ATCGTGTTACTTGCCCTGCGTA 22 EU929391.1




	Introduction
	Methodology
	Bacterial isolates
	Antimicrobial susceptibility tests
	DNA extraction
	Detection of antimicrobial resistance genes and virulence determinant genes
	Multiple-locus VNTR analysis (MLVA)
	Statistical analysis

	Results
	Antimicrobial susceptibility
	Resistance genes
	Detection of virulence determinants
	GBS strain origins and genotypes detected by MLVA

	Discussion
	Conclusions
	Limitation
	Acknowledgements
	References
	Corresponding author

	Annex – Supplementary Items

