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Background: Group B Streptococcus (GBS) infection in infants may result in
both respiratory, cardiovascular, and neurological dysfunction and ultimately
death of the infant. Surveillance of GBS strains in infants and their clinical
characteristics guide development of effective vaccines and other potential
treatments and may have implications for future prognostics and infant care.
Therefore, we aimed to study GBS serotypes and clonal complexes (CC) in
Danish infants with early onset infection (EOD) (0—6 days of life) and late-
onset infection (LOD) (7-89 days of life) and to estimate the association
between GBS strain and different clinical outcomes.

Methods: We included Danish infants less than 3 months of age with
GBS isolates from blood or cerebrospinal fluid between 1999 and 2009.
GBS isolates were analyzed by serotyping and multilocus sequence typing
with classification of isolates into clonal complexes. Clinical characteristics
were obtained by questionnaires completed by tending pediatrician including
gestational age, Apgar scores, age at onset, meningitis, symptom severity,
treatment duration, and mortality. Symptom severities were reported within
neurological symptoms, need for respiratory or circulatory support, and
treatment of disseminated intravascular coagulation.

Results: A total of 212 GBS isolates were collected with 129 from EOD and
83 from LOD. The dominating GBS strains were I1I/CC17 (41%), 1a/CC23 (17%),
[1/CC19 (15%), Ib/CC8-10 (7%), and V/CC1 (6%). Strain la/CC23 was mostly
found in EOD, while I1I/CC17 was widespread in LOD, though being the most
common in both EOD and LOD. Strain III/CC17 and la/CC23 had highest
percentage of samples from cerebrospinal fluid (26%), while 11I/CC19 had
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the least (8%). Strain IlI/CC19 had highest mortality with about one fifth of
infected infants dying (22%) followed by 1a/CC23 (16%), Ib/CC8-10 (9%), and
then I1I/CC17 (6%). The symptom severity varied between strains, but with no
strain consistently resulting in more severe symptoms.

Conclusion: Some potential differences in disease severity were observed
between the different strains. These findings emphasize the continuous
need for multimodal surveillance of infant GBS strains and their clinical
characteristics to optimize development of GBS vaccines and other
potential treatments.
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Introduction

Group B Streptococcus (Streptococcus agalactiae, GBS) is
part of the commensal bacteria in the gastrointestinal tract and
vagina and colonizes 10-35% of pregnant women (Khalil et al.,
2017; Russell et al,, 2017). However, when transmitted to the
infant, GBS may result in invasive disease leading to either
early onset infection (EOD) defined as an infection within the
first 6 days of life or late-onset infection (LOD) defined as an
infection between 7 and 89 days of life (Seale et al, 2017).
EOD has an estimated global incidence of 205,000 and LOD
of 114,000 infants/year (Seale et al., 2017). The introduction of
antepartum GBS screening and risk factor-based strategies with
intrapartum antibiotic prophylaxis has decreased the incidence
of EOD (Lin et al,, 2001; Perinatal Group, 2007). GBS screening
has decreased the incidence of EOD with about 80% (Perinatal
Group, 2007) and is associated with reduced risk compared
with risk-based strategies with a relative risk of 0.43 (95% CI:
0.32-0.56) reported in the recent meta-analysis of Hasperhoven
et al. (2020). However, these strategies have no effect on LOD
and may contribute to development of antibiotic resistance
(Lin et al,, 2001; Perinatal Group, 2007). Both EOD and
LOD may be fatal or cause long-term neurological disabilities
(Kohli-Lynch et al., 2017; Seale et al., 2017; Horvath-Puho
et al, 2021). The World Health Organization has therefore
emphasized the urgent need for GBS vaccination of pregnant
women (World Health Organization, 2021). This may reduce
the bacterial load in the birth canal and increase transplacental

Abbreviations: AT3, antithrombin 3; CC, clonal complex; DIC,
disseminated intravascular coagulopathy; EOD, early onset GBS
infection; FFP, fresh frozen plasma; GBS, Group B Streptococcus; IQR,
interquartile range; LOD, late-onset GBS infection; MLST, multi locus
sequence typing; NCPAP, nasal continuous positive airway pressure;
NDA, no data available; PROM, prolonged rupture of membranes; ST,
sequence type; SSI, State Serum Institute.
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transfer of protective antibodies to the fetus (Madhi et al,
2017). Ten different GBS serotypes have been identified based
on GBS capsular polysaccharides (Ia, Ib, II-IX) with serotype
III appearing as the most common in both EOD and LOD
(Madrid et al., 2017; Bianchi-Jassir et al., 2020). These are
currently being investigated as potential vaccine targets with
completion of phase III trials now awaiting, covering serotype
Ia, Ib, and II-V (Buurman et al., 2019; Carreras-Abad et al,,
2020). GBS bacteria may also be classified by different sequence
types (ST) by multilocus sequence typing (MLST). MLST
examines allelic variations of seven different housekeeping
genes (adhP, atr, glnA, glcK, pheS, sdhA, and tkt), further
categorizing similar allelic profiles into clonal complexes (CC)
(Jones et al., 2003). The different serotypes and clonal complexes
vary by geography and invasiveness, while potential differences
in clinical characteristics of the GBS strains have been studied
less exhaustively (Jones et al., 2006; Martins et al., 2007; Poyart
et al,, 2008; Manning et al., 2009; Bekker et al., 2014; Madrid
et al,, 2017; Kao et al.,, 2019; Lo et al., 2019; Bianchi-]Jassir et al.,
2020; Zhu et al., 2020; Baeringsdottir et al., 2021). Surveillance
of infant GBS strains and their clinical characteristics may
guide development of effective vaccines and other potential
treatments. Moreover, it may have implications for future
prognostics and infant care. In Denmark, a risk-based approach
was implemented in 1997 to identify pregnant women with
increased risk of having a newborn developing GBS infection
(Khalil et al.,, 2019). The incidence and serotypes of invasive
GBS isolates in Danish infants have previously been reported
from 1984 to 2002 and from 2005 to 2018 (Ekelund and
Konradsen, 2004; Slotved and Hoffmann, 2020). However, no
studies on invasive GBS in Danish infants have investigated the
distribution of clonal complexes and the association between
GBS strain and infant clinical course. Accordingly, we aimed
to investigate GBS serotypes and clonal complexes in Danish
infants with EOD and LOD from 1999 to 2009 and to estimate

frontiersin.org


https://doi.org/10.3389/fmicb.2022.1001953
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/

Andersen et al.

the association between GBS strain and clinical characteristics
of the infants including gestational age, Apgar scores, age at
onset, meningitis, symptom severity, treatment duration, early
morbidities, and mortality.

Materials and methods

Study population

We included Danish infants less than 3 months of age with
invasive GBS infection from 1999 to 2009.

Group B Streptococcus isolates

Invasive GBS isolates were derived from positive cultures
of blood and cerebrospinal fluid. EOD was defined as an
isolate causing onset of disease within the first 6 days of life
and LOD as an isolate causing onset of disease from 7 to
89 days of life. As part of the national surveillance strategy, all
Danish Departments of Clinical Microbiology were encouraged
to send GBS isolates to the State Serum Institute (SSI) for
further analysis. The identification was described previously by
Lambertsen et al. (2010b). All GBS isolates were confirmed by
inspection of colony morphology on 5% blood agar plates (SSI
Diagnostica, Hillerad, Denmark) and by GBS latex agglutination
test (Oxoid A/S, Greve, Denmark). Isolates were stored at
—80°C in nutrient beef broth containing 10% glycerol (SSI
Diagnostica, Denmark).

Serotyping

Isolates were serotyped by use of GBS latex agglutination
tests and/or by the Lancefield method (capillary precipitation
method) (Slotved et al,, 2002, 2003). For isolates from 1999
to 2003, the Lancefield method was performed using serotype
specific GBS antisera (Ia-IX) (SSI Diagnostica, Denmark) and
capsular antigens extracted with both 0.1 and 0.2 N HC], as
described in Slotved et al. (2002). From 2003 to 2009, serotyping
was performed using the GBS latex agglutination test (SSI
Diagnostica, Denmark), as described in Slotved et al. (2003).
In this period, the Lancefield method was only used to confirm
isolates with an inconclusive result.

Multilocus sequence typing

Bacterial lysates as DNA templates were prepared by
suspending freshly grown colonies from plates in chelex-
solution [1 g chelex 100 resin (Bio-Rad Laboratories, Hercules,
USA) in 10 ml 1 x TE-buffer (10 mM TRIS, 1 mM EDTA,
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pH 8)]. Supernatant was acquired by 10 min of boiling
followed by centrifugation for 5 min at 15,000 rpm (Lambertsen
et al, 2010a). Sequence types were identified as described
by PubMLST (accessed 17 Feb 2022).! PCR for each of the
seven genes was performed using a 20 pl PCR mix of 10 pl
HotstarTaq Mastermix (Qiagen, Hamburg, Germany), 2 pl
DNA-template, and 0.2 WM primer. The PCR program was
as follows: 15 min at 95°C, 30 cycles of 15 s at 95°C, 30 s
at 55°C, 60 s at 72°C, and 10 min at 72°C. Presence and
quality of PCR fragments were tested by gel-electrophoresis
on 2% E-gels (Invitrogen, Waltham, USA). Excess primers and
nucleotides in the solution containing the PCR fragments were
inactivated before sequencing with ExoSap IT® as described
by the manufacturer (USB Corporation, Cleveland, USA).
Both strands of the PCR fragments were sequenced using
0.2 M of the relevant primer with BigDye Terminator 3.1
Cycle Sequencing Kit and ABI-prisme 3100 Genetic Analyzer
(Applied Biosystems, Foster City, USA) (Lambertsen et al,
2010a). Assignment of sequence type to clonal complex was
performed using the goeBURST program (accessed 17 Feb
2022)? (Supplementary material 1). Sequence types that shared
at least six of seven allelic variants composed a clonal complex.

Antibiotic susceptibility testing

All isolates were screened for sensitivity to penicillin
using 10 g oxacillin discs (Oxoid A/S, Denmark) on 5%
blood agar plates incubated at 36°C with 5% CO,. Until
2004, susceptibility was determined according to the National
Committee for Clinical Laboratory Standards (NCCLS) and
the Swedish Reference Group for Antibiotics (SRGA) (Ekelund
and Konradsen, 2004). From 2005 to 2009, susceptibility
was determined according to the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) (Lambertsen
et al., 2014).

Patient information

When GBS isolates were received and analyzed by the State
Serum Institute, the tending pediatrician was encouraged to
complete a questionnaire about the infant and the clinical course
of the infection (Supplementary material 2). The following
information was collected: maternal risk factors, gestational age
at birth, birth weight, Apgar scores at 1 and 5 min, age at
disease onset, symptom severity, treatment type and duration,
early morbidities, and mortality. Maternal risk factors included
GBS colonization in vagina or rectum, GBS bacteriuria during
pregnancy, maternal fever (>38°C) during birth, rupture of

1 www.pubmlst.org/sagalactiae

2 www.phyloviz.net/goeburst
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membranes > 18 h, previous birth of child with GBS-infection,
and maternal antibiotics >4 h before birth. Infant symptom
severity was reported based on child’s presentation and need
for treatment in four categories: respiratory support including
nasal continuous positive airway pressure (nCPAP) (mild) and
mechanical ventilation (severe); circulatory support including
fluid-resuscitation (mild) and vasopressor treatment (severe);
neurological symptoms including irritability (mild) and seizures
(severe); and treatment of coagulopathy including infusion of
platelets or fresh frozen plasma (mild) and antithrombin III or
cryoprecipitate (severe).

Statistical analyses

Maternal and infant characteristics were analyzed by EOD
and LOD. Incidence of invasive GBS infection was estimated
from 1999 to 2009 as number of isolates/1,000 livebirths with
lowest and highest yearly incidence during the study period
(range). Incidence was calculated based on the assumption
that the State Serum Institute received 58% of all GBS isolates
in Denmark during the study period as previously described
(Ekelund et al,, 2005). The annual number of livebirths was
obtained from Statistics Denmark (StatBank Denmark, 1850).
Serotypes, sequence types, and clonal complexes were studied
individually and by pairing these characteristics. We then
investigated the association between GBS strain and infant
clinical characteristics including gestational age, Apgar scores
at 1 and 5 min, age at onset, occurrence of meningitis,
symptom severity, treatment duration, early morbidities, and
mortality. Only the five most common combinations of serotype
and clonal complex were included in these statistical analyses
(III/CC17, 1a/CC23, III/CC19, Ib/CC8-10, and V/CCl1) with
reports of the distribution-percentage within each of these
groups. Missing answers were not included in the primary
analysis (Supplementary material 3). However, the associations
between GBS strain, symptom severity, and mortality were
also investigated with sensitivity analyses with all missing
values in returned questionnaires recoded as the mildest disease
presentation. Continuous and ordinal data were analyzed by
Mann Whitney or Kruskal Wallis tests, while categorical
data were analyzed by Fisher’s exact tests. All analyses were
conducted in Stata 17 (StataCorp. 2021. Stata Statistical
Software: Release 17. College Station, TX: StataCorp LLC) and
GraphPad Prism (Version 8 Mac, GraphPad Software, San
Diego, California USA).

Ethical approvals
This

Committees for
(KF) 01-153/00].

Scientific-Ethical
and Frederiksberg

study was approved by the

Copenhagen [no.
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Results

Population

A total of 212 infants less than 3 months of age had GBS
isolates from blood or cerebrospinal fluid send to the State
Serum Institute during the 11-year study period. A total of 171
(81%) clinical questionnaires were returned, but completeness
of each varied (Supplementary material 3). The infants were
admitted to 17 different Pediatric Departments around the
country. Questionnaires were returned from each of the
five Danish regions, represented with at least six infants
(range: 6-72) (Supplementary material 4). Maternal and infant
characteristics are provided in Table 1. EOD occurred in
129 (61%) infants and LOD in 83 (39%). A total of 169
(80%) isolates were sampled from blood, while 43 (20%) were

TABLE 1 Information on 212 infants with Group B Streptococcus
(GBS) isolates by early onset GBS disease (EOD) and late-onset GBS
disease (LOD) in Denmark from 1999 to 2009.

EOD (n=129)* LOD (n = 83)?
Infant characteristics
Female 56 (43%) 41 (49%)
Preterm 39 (38%) 20 (30%)
Birth weight (g) 3,270 (2,475-3,750) 3,390 (2,430-4,060)
Age at disease onset (days) 1(0-1) 28 (16-45)
Maternal risk factors
GBS in vagina or rectum 4 (4%) 2 (3%)
GBS bacteriuria 3 (3%) 3 (4%)
Maternal fever (>38°C) 11 (11%) 5(7%)
PROM (>18 h) 23 (22%) 6 (9%)
Previous child with GBS 0 (0%) 1(1%)
Antibiotics > 4 h before birth 14 (13%) 4 (6%)
Clinical
Meningitis 19 (15%) 24 (29%)
Treatment duration (days) 11 (8-16) 10 (7-15)
Mortality 11 (11%) 8 (12%)
Respiratory supportb
nCPAP 47 (45%) 20 (30%)
Mechanical ventilation 15 (14%) 16 (24%)
Circulatory support®
Fluid-resuscitation (albumin) 13 (13%) 2 (3%)
Vasopressor 11 (11%) 9 (13%)
Neurological symptoms®
Irritabile 47 (45%) 23 (34%)
Seizures 11 (11%) 15 (22%)
pIC®
Thrombocytes/FFP 7 (7%) 6 (9%)
AT3/cryoprecipitate 4 (4%) 1(1%)

Continuous variables were presented as medians with interquartile ranges, while
categorical variables were presented as frequencies with percentages. EOD was defined
as samples drawn within 6 days of life and LOD between 7 and 89 days of life.
PROM, prolonged rupture of membranes; nCPAP, nasal continuous positive airway
pressure; DIC, disseminated intravascular coagulopathy; FFP, fresh frozen plasma;
AT3, antithrombin 3.

2The percentages were based on 171 returned questionnaires (EOD = 104, LOD = 67)
with exception of sex and meningitis where information was available for all infants.

b An infant could only be assigned to one of the severities (most severe degree).
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sampled from the cerebrospinal fluid. Prolonged rupture of
membranes was more common in EOD than in LOD (25% vs.
10%), while meningitis was more common in LOD (29% vs.
15%).

Epidemiology

The estimated incidence of GBS infection in Denmark
from 1999 to 2009 was 0.5/1,000 livebirths (range: 0.3-
0.7/1,000). EOD occurred in 0.3/1,000 livebirths (range:
0.1-0.5/1,000), while LOD occurred in 0.2/1,000 livebirths
(range: 0.1-0.3/1,000). The incidence during the study period
fluctuated but with no obvious trend. All isolates were fully
susceptible to penicillin.

Prevalences of group B Streptococcus
strains

A total of 5 GBS isolates were non-typeable, while we were
unable to profile 28 isolates by MLST. The most common
serotype was type IIT (57%) followed by type Ia (18%), type
Ib (7%), type II (6%), type V (6%), type IV (3%), and type
IX (1%) (Figure 1) (Supplementary material 5). Serotype
VI, VII, and VIII were not observed. The most common
sequence types were ST17 (39%), ST23 (19%), ST19 (12%),
ST1 (7%), and ST8 (5%); with the most common clonal
complexes being CC17 (42%), CC23 (19%), CC19 (17%), CCl
(9%), and CC8-12 (8%) (Figure 1) (Supplementary material
5). When looking at the pairing of serotypes with allelic
variations; serotype Ia was mostly associated with CC23, type
Ib with CC8-10, type III with CC17 and CCI19, type V
with CCl, and type IX with ST130 (Figure 1). Thus, the
most common GBS strains were III/CC17 (41%), Ia/CC23
(17%), III/CC19 (15%), Ib/CC8-10 (7%), and V/CC1 (6%). We
observed no statistically significant changes in the prevalence
of any GBS strain during the study period (Supplementary
material 6).

Age at onset and meningitis

Evidence of an association was found between GBS strain
and age at disease onset with Ia/CC23 being associated with
EOD and III/CC17 with LOD, though with III/CC17 being
the most common strain in both EOD and LOD (Table 2).
Strain Ia/CC23 and V/CCI had the highest percentage of isolates
leading to EOD (25/31 and 9/11, 80%) followed by Ib/CC8-10
(8/12, 67%), III/CC19 (14/26, 54%), and then ITI/CC17 (35/73,
48%) (Table 2). When looking at the occurrence of meningitis,
strains Ta/CC23 and III/CC17 had the highest percentage of
isolates from the cerebrospinal fluid (8/31 and 19/73, 26%)
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followed by Ib/CC8-10 (2/12, 17%), V/CC1 (1/11, 9%), and then
III/CC19 (2/26, 8%) (Table 2).

Other clinical characteristics

No evidence of an association was found between GBS
strain and gestational age (Supplementary material 7). The
majority of children with EOD had 1 and 5-min Apgar scores
of 10-7 (71 and 84%). However, several children also presented
with 1 and 5-min Apgar scores of 3-0 (16 and 15%). No
apparent difference was observed in Apgar scores between the
GBS strains (Supplementary material 7). Most infants (64%)
needed respiratory support regardless of the time of onset, with
nCPAP being more common in EOD compared with LOD and
mechanical ventilation being more common in LOD compared
with EOD. Just as many infants (64%) showed symptoms related
to the central nervous system with seizures being more than
twice as prevalent in infants with LOD. About one fourth of
the infants (24%) needed circulatory support including fluid-
resuscitation or vasopressors, while about one eighth (13%) were
treated for disseminated intravascular coagulation (Table 1).
The symptom severity within these categories varied somewhat
by strain. However, no strain consistently resulted in more
severe symptoms (Table 2). A total of 19 infants died (11%)
(Table 1). Strain III/CC19 was associated with the highest
mortality with death occurring in about one out of five infants
infected by that strain (5/23, 22%) followed by Ia/CC23 (4/25,
16%), Ib/CC8-10 (1/11, 9%), and then III/CC17 (3/54, 6%).
The most common antibiotics used were ampicillin (86%) and
penicillin (83%), often in combination with gentamicin (67%).
The median treatment duration among all surviving infants
was 11 days (IQR: 8-15 days) (Table 1). The median treatment
duration was highest for III/CC19 with 15 days (IQR: 10-
22 days) (Supplementary material 8).

Early morbidities

Early morbidities related to the GBS infections included
one brain abscess (III/CC17), one neck abscess (Ib/CC8-
10), one with cerebral and pulmonary hemorrhage (Ia/CC23),
and two with hypoxic-ischemic brain lesions (III/CC17). In
addition, 11 infections were complicated by osteomyelitis or
septic arthritis (III/CC17 = 4, III/CC19 = 3, Ib/CC8-10 = 2,
V/CC1=1,V/ST127 = 1).

Sensitivity analyses

Sensitivity analyses with recoding of missing answers to
mildest disease presentation failed to change the association
between GBS strain and symptom severity and mortality
(Supplementary material 9).
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CC17 0 0 1 73 1 0 0 2
CcC19 0 0 1 26 1 0 0 3
CcC23 31 2 0 1 0 1 0 0
Singletons 4 0 0 1 2 1 3 0
NDA 3 1 6 18 0 0 0 0

FIGURE 1

Group B Streptococcus isolates from 212 Danish infants within 3 months of life from 1999 to 2009 and (A) the frequency of sequence types (ST)
and (B) the frequency of serotypes (la-1X) and clonal complexes (CC). NDA, no data available.

Discussion

We examined 212 invasive GBS isolates from Danish
infants during an 11-year period with about 60% resulting in
EOD and 40% resulting in LOD. Serotype III was present in
more than 50% of the infants, and type Ia in approximately
20%. A hexavalent vaccine including serotype Ia, Ib, and II-V
would have covered 95% of all typeable strains in this study
(Buurman et al.,, 2019; Carreras-Abad et al., 2020). Slotved
and Hoffmann (2020) described GBS serotypes in Danish
infants from 2005 to 2018 and found similar prevalences as
the current study, indicating stable serotype distribution over
several decades with unchanged use of intrapartum antibiotic
in high risk women. The most common GBS strain was
III/CC17 followed by Ia/CC23, III/CC19, Ib/CC8-10, and then
V/CCL1. This distribution of serotypes and clonal complexes
correspond to that reported in the meta-analysis by Bianchi-
Jassir et al. (2020). In Europe and North America, serotype
IIT was the most common in infant invasive disease (67%)
followed by type Ia (17%), V (7%), Ib (4%), and II (4%). This
was somewhat comparable to other continents with the largest
relative difference in serotype distribution being Ib accounting

for 12% in Asian countries. We found type Ib to account for 7%
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of all serotypes among Danish infants. With regards to clonal
complexes, they similarly found CC17 to be the most common
clonal complex (42%) followed by CC19 (18%) and then CC23
(15%). We found that CC23 was the second most common
clonal complex accounting for 20%, while CC19 accounted
for 18%. Among the GBS strains, we found that Ia/CC23
particularly caused EOD, while III/CC17 was widespread in
LOD, although being the most common strain in both EOD
and LOD. This is also in accordance with previous findings
from the meta-analysis by Bianchi-Jassir et al. (2020). Strains of
CC17 have been reported to be more virulent compared with
other clonal complexes, which may be due to the expression
of the CC17-specific hypervirulent GBS adhesin (HvgA) (Jones
et al.,, 2006; Martins et al.,, 2007; Tazi et al., 2010). This may
challenge future vaccine development as capsular switching
within this lineage has been observed and hypervirulence may
be independent of the serotype (Jones et al., 2006; Bellais et al.,
2012; Khan et al., 2022).

Similar to previous reports, we found that the prevalence
of meningitis was higher in LOD than in EOD (Bianchi-
Jassir et al,, 2020). Strain III/CC17 had among the highest
percentage of isolates causing meningitis, while III/CC19 had
the least, though with no apparent differences in neurological
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TABLE 2 Invasive Group B Streptococcus (GBS) strains from Danish infants within 3 months of life between 1999 and 2009 and their clinical

characteristics.

Ia/CC23 Ib/CC8-10 III/CC17 III/CC19 V/CC1 p-value
(n=31) (n=12) (n=173) (n=26) (n=11)
Clinical
Early onset disease 25 (81%) 8 (67%) 35 (48%) 14 (54%) 9 (82%) 0.01
Meningitis 8(26%) 2 (17%) 19 (26%) 2 (8%) 1(9%) 0.26
Mortality 4 (16%) 1(9%) 3 (6%) 5(22%) 0 (0%) 0.16
Respiratory support®
nCPAP 10 (42%) 6 (60%) 19 (39%) 11 (50%) 5(71%) 0.92
Mechanical ventilation 5(23%) 2 (20%) 13 (27%) 5(23%) 0 (0%)
Circulatory support®
Fluid-resuscitation (albumin) 2 (9%) 2 (20%) 1(2%) 5(24%) 1 (14%) 0.58
Vasopressor 2 (9%) 2 (20%) 9 (19%) 3 (14%) 1 (14%)
Neurological symptoms®
Irritabile 8 (38%) 4 (40%) 21 (43%) 11 (52%) 6 (67%) 0.27
Seizures 2 (10%) 0 (0%) 10 (20%) 3 (14%) 1(11%)
DIC?
Thrombocytes/FFP 2 (9%) 1(11%) 4 (9%) 3 (16%) 1 (14%) 0.99
AT3/cryoprecipitate 1 (4%) 0 (0%) 2 (4%) 0 (0%) 0 (0%)

The percentages were based on non-missing answers. Data were analyzed by Fisher’s Exact test (categorical variables) and by Kruskal Wallis test (ordinal variables). nCPAP, nasal

continuous positive airway pressure; DIC, disseminated intravascular coagulopathy; FFP, fresh frozen plasma; AT3, antithrombin 3.

2 An infant could only be assigned to one of the severities (most severe degree).

symptoms. Strains of CC17 have previously been associated
with the development of meningitis (Poyart et al, 2008;
Manning et al,, 2009), potentially due to an enhanced ability
of CC17 to pass the blood-brain barrier through expression
of specific membrane adhesins (Srr2) interacting with host
integrins (Lentini et al., 2018; Deshayes de Cambronne et al.,
2021). Despite this association, we found that strain III/CC17
had among the lowest mortalities between the different GBS
strains, while III/CC19 showed the highest. This may indicate
that even though CC17 is highly virulent, it may result in
less severe disease compared with other strains. We also
found that the need for circulatory support was almost twice
as high in infants infected with strain III/CC19 compared
with III/CC17, which was solely explained by more infants
needing fluid-resuscitation. Furthermore, the median duration
of antibiotic treatment was about 4 days longer in strains
of III/CC19 compared with III/CC17. The increased duration
of antibiotic treatment in infants with strain III/CCI19 could
be an accidental finding or due to the expression of certain
resistance genes within this lineage including the pbp2x gene or
macrolide-lincosamide-streptogramin resistance genes (Metcalf
et al,, 2017; Jamrozy et al,, 2020). Though, higher resistance-
patterns in III/CCl17 has recently been reported in other
populations (Kao et al, 2019; Plainvert et al, 2020). The
differences in disease severity between III/CC17 and III/CC19
indicate that the clinical outcomes related to serotype III may
be highly influenced by the associated clonal complex. As we
found that these two strains had an almost similar distribution
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of isolates causing EOD and LOD, age of onset could not
explain these differences in disease severity. CC19 is the most
common clonal complex in infant colonization accounting for
40% of all strains, while CC17 only accounts for 5% (Bianchi-
Jassir et al., 2020). Instead, it may be that CC19 more often
infect children with compromised immune systems such as
preterm newborns, which in itself may be associated with higher
mortality. Despite finding no overall association between GBS
strains and gestational age, 45% of infants infected with strain
III/CC19 and 32% with strain III/CC17 were born prematurely.
However, differences in genetic and molecular characteristics
could still be involved (Shabayek and Spellerberg, 2018; Flaherty
et al,, 2019). Serotype III has previously been associated with
lower mortality and fewer neurological complications including
seizures compared with other serotypes such as type Ia, type
Ib, and type V (Kao et al, 2019; Lo et al,, 2019; Zhu et al,
2020). Our finding of different clinical courses between III/CC17
and III/CC19 highlights the importance for future studies to
include both serotypes and clonal complexes, when investigating
the association between GBS strain and clinical characteristics.
Previous studies have found that serotype Ib and CC10 were
associated with respiratory difficulties; while one study has
reported that serotypes Ib and V were associated with higher
rates of disseminated intravascular coagulation (Kao et al., 2019;
Zhu et al.,, 2020; Baeringsdottir et al., 2021). We were unable
to substantiate these findings in our population due to small
numbers of these strains and few events of disseminated
intravascular coagulation.
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This is the first Danish study on infants to report the
prevalence of both GBS serotypes and clonal complexes and
to investigate the association between strains and their clinical
characteristics. With inclusion of 212 isolates, this study is
also among the largest investigations in general of the clinical
course of the infection by strain (Bianchi-Jassir et al., 2020).
However, some limitations need to be considered. Despite the
large number of isolates, some strains and clinical events were
still rare, which thus led to imprecision of the estimates. It
has previously been estimated that the State Serum Institute
received around 58% of all GBS isolates in Denmark around
the study period (Ekelund et al.,, 2005). However, as isolates
were received from all Danish Pediatric Departments, we
believe to have obtained a representative sample. As the
questionnaires were completed by the tending pediatrician,
several replies on clinical outcomes were also missing. However,
as we expect missing values to be independent of the specific
GBS strain, we also believe it unlikely that this would have
biased the association between strain and clinical course.
In addition, results from sensitivity analyses were essentially
unchanged from the complete-case analyses. Though, the
pediatricians may overall have been more inclined to report
more severe cases as these may generate larger impacts. We
only reported on penicillin resistance, as information on
resistance and susceptibility to other antibiotics was unavailable
on an individual level. However, the frequency of antibiotic
resistance and susceptibility to both penicillin, clindamycin, and
erythromycin among all GBS isolates in Denmark are published
in yearly reports from the Danish Integrated Antimicrobial
Resistance Monitoring and Research Programme (accessed 10
Aug 2022).> We did not investigate the expression of other
GBS surface proteins including different adhesins (Bianchi-
Jassir et al.,, 2020). These proteins should be considered for
inclusion in future studies investigating possible vaccine targets
and could have provided additional information on how some
strains may affect clinical outcomes (Shabayek and Spellerberg,
2018). At last, this study only included infants from 1999 to
2009 and therefore does not contain current trends. However,
our GBS serotype distribution was similar to the findings in the
previous Danish publication from 2005 to 2018 (Slotved and
Hoffmann, 2020).

Conclusion

Strain III/CC17 was responsible for most GBS infections
in Danish infants followed by Ia/CC23, Ib/CC8-10, III/CC19,
and V/CCIl. Strain Ia/CC23 was associated with EOD
and III/CC17 with LOD. Some potential differences in
other clinical characteristics were observed between the
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GBS strains, especially between strain III/CC17 and III/C19
with development of meningitis and mortality appearing
to differ. These findings emphasize the continuous need
for multimodal surveillance of infant GBS strains and
the clinical characteristics of both serotypes and clonal
complexes to optimize development of GBS vaccines and other
potential treatments.

Data availability statement

The original contributions presented in this study
are included in the article/Supplementary material,
further inquiries can be directed to the corresponding
author.

Ethics statement

The studies involving human participants were reviewed
and approved by the Scientific-Ethical Committees for
Copenhagen and Frederiksberg. Written informed consent
from the participants’ legal guardian/next of kin was not
required to participate in this study in accordance with the
national legislation and the institutional requirements.

Author contributions

H-CS and BS contributed to the conception, design of
the study, and the acquisition of data. MA drafted the
manuscript. All authors critically revised the manuscript for
important intellectual content, approved the final version for
publication, agreed to be accountable for all aspects of the
work, and contributed to the analyses, and interpretation of the
data for the study.

Funding

This study was supported by the Elsass Foundation
(21-3-0256).

Acknowledgments

We acknowledge the Danish Departments of Clinical
Microbiology, the Laboratory staff at the National Neisseria and
Streptococcus Reference Centre, and the tending pediatricians
around the country.

frontiersin.org


https://doi.org/10.3389/fmicb.2022.1001953
http://www.danmap.org/reports
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/

Andersen et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

Baeringsdottir, B., Erlendsdottir, H., Bjornsdottir, E. S., Martins, E. R., Ramirez,
M., Haraldsson, A., et al. (2021). Group B streptococcal infections in infants in
Iceland: Clinical and microbiological factors. J. Med. Microbiol. 70:001426

Bekker, V., Bijlsma, M. W., van de Beek, D., Kuijpers, T. W., and van der
Ende, A. (2014). Incidence of invasive group B streptococcal disease and pathogen
genotype distribution in newborn babies in the Netherlands over 25 years: A
nationwide surveillance study. Lancet Infect. Dis. 14, 1083-1089. doi: 10.1016/
$1473-3099(14)70919-3

Bellais, S., Six, A., Fouet, A., Longo, M., Dmytruk, N., Glaser, P., et al. (2012).
Capsular switching in group B Streptococcus CC17 hypervirulent clone: A future
challenge for polysaccharide vaccine development. J. Infect. Dis. 206, 1745-1752.
doi: 10.1093/infdis/jis605

Bianchi-Jassir, F., Paul, P., To, K.-N., Carreras-Abad, C., Seale, A. C., Jauneikaite,
E., et al. (2020). Systematic review of Group B Streptococcal capsular types,
sequence types and surface proteins as potential vaccine candidates. Vaccine 38,
6682-6694. doi: 10.1016/j.vaccine.2020.08.052

Buurman, E. T., Timofeyeva, Y., Gu, J., Kim, J. H.,, Kodali, S., Liu, Y, et al.
(2019). A Novel Hexavalent Capsular Polysaccharide Conjugate Vaccine (GBS6)
for the Prevention of Neonatal Group B Streptococcal Infections by Maternal
Immunization. J. Infect. Dis. 220, 105-115. doi: 10.1093/infdis/jiz062

Carreras-Abad, C., Ramkhelawon, L., Heath, P. T., and Le Doare, K. A. (2020).
Vaccine Against Group B Streptococcus: Recent Advances. Infect. Drug Resist. 13,
1263-1272.

Deshayes de Cambronne, R., Fouet, A., Picart, A, Bourrel, A. S., Anjou, C,,
Bouvier, G., et al. (2021). CC17 group B Streptococcus exploits integrins for
neonatal meningitis development. J. Clin. Investig. 131:e136737 doi: 10.1172/
JCI136737

Ekelund, K., and Konradsen, H. B. (2004). Invasive group B streptococcal
disease in infants: A 19-year nationwide study. Serotype distribution, incidence
and recurrent infection. Epidemiol. Infect. 132, 1083-1090. doi: 10.1017/
50950268804002808

Ekelund, K., Skinhoj, P., Madsen, J., and Konradsen, H. B. (2005). Invasive
group A. B, C and G streptococcal infections in Denmark 1999-2002:
Epidemiological and clinical aspects. Clin. Microbiol. Infect. 11, 569-576. doi:
10.1111/j.1469-0691.2005.01169.x

Flaherty, R. A., Borges, E. C,, Sutton, J. A., Aronoff, D. M., Gaddy, J. A., Petroff,
M. G, et al. (2019). Genetically distinct Group B Streptococcus strains induce
varying macrophage cytokine responses. PloS one. 14, €0222910. doi: 10.1371/
journal.pone.0222910.

Hasperhoven, G. F., Al-Nasiry, S., Bekker, V., Villamor, E., and Kramer, B.
(2020). Universal screening versus risk-based protocols for antibiotic prophylaxis
during childbirth to prevent early-onset group B streptococcal disease: A
systematic review and meta-analysis. BJOG 127, 680-691.

Horvath-Puho, E., van Kassel, M. N., Goncalves, B. P., de Gier, B., Procter, S. R.,
Paul, P,, et al. (2021). Mortality, neurodevelopmental impairments, and economic
outcomes after invasive group B streptococcal disease in early infancy in Denmark
and the Netherlands: A national matched cohort study. Lancet Child. Adolesc.
Health 5, 398-407. doi: 10.1016/S2352-4642(21)00022-5

Frontiers in Microbiology

09

10.3389/fmicb.2022.1001953

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmicb.
2022.1001953/full#supplementary- material

Jamrozy, D., Bijlsma, M. W., de Goffau, M. C,, van de Beek, D., Kuijpers, T. W.,
Parkhill, J., et al. (2020). Increasing incidence of group B streptococcus neonatal
infections in the Netherlands is associated with clonal expansion of CC17 and
CC23. Sci. Rep. 10:9539. doi: 10.1038/s41598-020-66214-3

Jones, N., Bohnsack, J. F., Takahashi, S., Oliver, K. A., Chan, M. S., Kunst, F.,
etal. (2003). Multilocus sequence typing system for group B streptococcus. J. Clin.
Microbiol. 41, 2530-2536.

Jones, N., Oliver, K. A,, Barry, J., Harding, R. M., Bisharat, N., Spratt, B. G., et al.
(2006). Enhanced invasiveness of bovine-derived neonatal sequence type 17 group
B streptococcus is independent of capsular serotype. Clin. Infect. Dis. 42, 915-924.
doi: 10.1086/500324

Kao, Y., Tsai, M. H,, Lai, M. Y., Chu, S. M., Huang, H. R., Chiang, M. C,, et al.
(2019). Emerging serotype III sequence type 17 group B streptococcus invasive
infection in infants: The clinical characteristics and impacts on outcomes. BMC
Infect. Dis. 19:538. doi: 10.1186/512879-019-4177-y

Khalil, M. R,, Uldbjerg, N., Thorsen, P. B., Henriksen, B., and Moller, J. K.
(2017). Risk-based screening combined with a PCR-based test for group B
streptococci diminishes the use of antibiotics in laboring women. Eur. J. Obstet.
Gynecol. Reprod. Biol. 215, 188-192.

Khalil, M. R, Uldbjerg, N., Thorsen, P. B., and Moller, J. K. (2019). Risk-based
approach versus culture-based screening for identification of group B streptococci
among women in labor. Int. J. Gynaecol. Obstet. 144, 187-191. doi: 10.1002/ijgo.
12721

Khan, U. B., Jauneikaite, E., Andrews, R., Chalker, V. J., and Spiller,
O. B. (2022). Identifying large-scale recombination and capsular switching
events in Streptococcus agalactiae strains causing disease in adults in the
UK between 2014 and 2015. Microb. Genom. 8:000783 doi: 10.1099/mgen.0.0
00783

Kohli-Lynch, M., Russell, N. J., Seale, A. C., Dangor, Z., Tann, C. J., Baker,
C. J., et al. (2017). Neurodevelopmental Impairment in Children After Group
B Streptococcal Disease Worldwide: Systematic Review and Meta-analyses. Clin.
Infect. Dis. 65:5190-S199. doi: 10.1093/cid/cix663

Lambertsen, L., Brendstrup, M., Friis, H., and Christensen, J. J. (2010a).
Molecular characterization of invasive penicillin non-susceptible Streptococcus
pneumoniae from Denmark, 2001 to 2005. Scand. J. Infect. Dis. 42, 333-340.
doi: 10.3109/00365540903501616

Lambertsen, L., Ekelund, K., Skovsted, I. C., Liboriussen, A., and Slotved,
H. C. (2010b). Characterisation of invasive group B streptococci from adults in
Denmark 1999 to 2004. Eur. J. Clin. Microbiol. Infect. Dis. 29, 1071-1077. doi:
10.1007/s10096-010-0941-z

Lambertsen, L. M., Ingels, H., Schonheyder, H. C., and Hoffmann, S. (2014).
Nationwide laboratory-based surveillance of invasive beta-haemolytic streptococci
in Denmark from 2005 to 2011. Clin. Microbiol. Infect. 20:0216-0223. doi: 10.
1111/1469-0691.12378

Lentini, G., Midiri, A., Firon, A., Galbo, R., Mancuso, G., Biondo, C,, et al.
(2018). The plasminogen binding protein PbsP is required for brain invasion by
hypervirulent CC17 Group B streptococci. Sci. Rep. 8:14322. doi: 10.1038/s41598-
018-32774-8

frontiersin.org


https://doi.org/10.3389/fmicb.2022.1001953
https://www.frontiersin.org/articles/10.3389/fmicb.2022.1001953/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmicb.2022.1001953/full#supplementary-material
https://doi.org/10.1016/S1473-3099(14)70919-3
https://doi.org/10.1016/S1473-3099(14)70919-3
https://doi.org/10.1093/infdis/jis605
https://doi.org/10.1016/j.vaccine.2020.08.052
https://doi.org/10.1093/infdis/jiz062
https://doi.org/10.1172/JCI136737
https://doi.org/10.1172/JCI136737
https://doi.org/10.1017/s0950268804002808
https://doi.org/10.1017/s0950268804002808
https://doi.org/10.1111/j.1469-0691.2005.01169.x
https://doi.org/10.1111/j.1469-0691.2005.01169.x
https://doi.org/10.1371/journal.pone.0222910.
https://doi.org/10.1371/journal.pone.0222910.
https://doi.org/10.1016/S2352-4642(21)00022-5
https://doi.org/10.1038/s41598-020-66214-3
https://doi.org/10.1086/500324
https://doi.org/10.1186/s12879-019-4177-y
https://doi.org/10.1002/ijgo.12721
https://doi.org/10.1002/ijgo.12721
https://doi.org/10.1099/mgen.0.000783
https://doi.org/10.1099/mgen.0.000783
https://doi.org/10.1093/cid/cix663
https://doi.org/10.3109/00365540903501616
https://doi.org/10.1007/s10096-010-0941-z
https://doi.org/10.1007/s10096-010-0941-z
https://doi.org/10.1111/1469-0691.12378
https://doi.org/10.1111/1469-0691.12378
https://doi.org/10.1038/s41598-018-32774-8
https://doi.org/10.1038/s41598-018-32774-8
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/

Andersen et al.

Lin, F. Y., Brenner, R. A, Johnson, Y. R., Azimi, P. H., Philips, J. B. III, Regan,
J. A, et al. (2001). The effectiveness of risk-based intrapartum chemoprophylaxis
for the prevention of early-onset neonatal group B streptococcal disease.
Am. J. Obstet. Gynecol. 184, 1204-1210. doi: 10.1067/mob.2001.11
3875

Lo, C. W, Liu, H. C,, Lee, C. C,, Lin, C. L., Chen, C. L., Jeng, M. J., et al. (2019).
Serotype distribution and clinical correlation of Streptococcus agalactiae causing
invasive disease in infants and children in Taiwan. J. Microbiol. Immunol. Infect.
52, 578-584.

Madhi, S. A., Koen, A., Cutland, C. L., Jose, L., Govender, N., Wittke, F., et al.
(2017). Antibody Kinetics and Response to Routine Vaccinations in Infants Born
to Women Who Received an Investigational Trivalent Group B Streptococcus
Polysaccharide CRM197-Conjugate Vaccine During Pregnancy. Clin. Infect. Dis.
65, 1897-1904. doi: 10.1093/cid/cix666

Madrid, L., Seale, A. C., Kohli-Lynch, M., Edmond, K. M., Lawn, J. E.,,
Heath, P. T, et al. (2017). Infant Group B Streptococcal Disease Incidence and
Serotypes Worldwide: Systematic Review and Meta-analyses. Clin. Infect. Dis.
65:5160-S172.

Manning, S. D., Springman, A. C., Lehotzky, E., Lewis, M. A, Whittam, T. S.,
and Davies, H. D. (2009). Multilocus sequence types associated with neonatal
group B streptococcal sepsis and meningitis in Canada. J. Clin. Microbiol. 47,
1143-1148. doi: 10.1128/JCM.01424-08

Martins, E. R, Pessanha, M. A., Ramirez, M., and Melo-Cristino, J. (2007).
Analysis of group B streptococcal isolates from infants and pregnant women in
Portugal revealing two lineages with enhanced invasiveness. J. Clin. Microbiol. 45,
3224-3229. doi: 10.1128/JCM.01182-07

Metcalf, B. J., Chochua, S., Gertz, R. E. Jr., Hawkins, P. A., Ricaldi, J., Li, Z., et al.
(2017). Short-read whole genome sequencing for determination of antimicrobial
resistance mechanisms and capsular serotypes of current invasive Streptococcus
agalactiae recovered in the USA. Clin. Microbiol. Infect. 23:574.e7-574.e14. doi:
10.1016/j.cmi.2017.02.021

Perinatal Group, B. (2007). Streptococcal Disease After Universal
Screening  Recommendations—United ~ States, 2003-2005. JAMA 298,
1390-1392.

Plainvert, C., Hays, C., Touak, G., Joubrel-Guyot, C., Dmytruk, N., Frigo,
A, et al. (2020). Multidrug-Resistant Hypervirulent Group B Streptococcus in
Neonatal Invasive Infections. France, 2007-2019. Emerg. Infect. Dis. 26, 2721~
2724. doi: 10.3201/eid2611.201669

Frontiers in Microbiology

10

10.3389/fmicb.2022.1001953

Poyart, C., Réglier-Poupet, H., Tazi, A., Billoét, A., Dmytruk, N., Bidet, P., et al.
(2008). Invasive group B streptococcal infections in infants. France. Emerg. Infect.
Dis. 14, 1647-1649.

Russell, N. J., Seale, A. C., O’Driscoll, M., O’Sullivan, C., Bianchi-Jassir,
F., Gonzalez-Guarin, J., et al. (2017). Maternal Colonization With Group B
Streptococcus and Serotype Distribution Worldwide: Systematic Review and
Meta-analyses. Clin. Infect. Dis. 65:5100-S111.

Seale, A. C., Bianchi-Jassir, F., Russell, N. J., Kohli-Lynch, M., Tann, C. ., Hall, J.,
etal. (2017). Estimates of the Burden of Group B Streptococcal Disease Worldwide
for Pregnant Women, Stillbirths, and Children. Clin. Infect. Dis. 65:5200-S219.
doi: 10.1093/cid/cix664

Shabayek, S., and Spellerberg, B. (2018). Group B Streptococcal Colonization,
Molecular Characteristics, and Epidemiology. Front. Microbiol. 9:437. doi: 10.
3389/fmicb.2018.00437

Slotved, H. C., Elliott, J., Thompson, T., and Konradsen, H. B. (2003). Latex
assay for serotyping of group B Streptococcus isolates. J. Clin. Microbiol. 41,
4445-4447.

Slotved, H.-C., and Hoffmann, S. (2020). The Epidemiology of Invasive Group
B Streptococcus in Denmark From 2005 to 2018. Front. Public Health 8:40. doi:
10.3389/fpubh.2020.00040

Slotved, H. C., Sauer, S., and Konradsen, H. B. (2002). False-negative results
in typing of group B streptococci by the standard lancefield antigen extraction
method. J. Clin. Microbiol. 40, 1882-1883. doi: 10.1128/JCM.40.5.1882-1883.2002

StatBank Denmark (1850). Seneste opdateringer. Available online at: https://
www.statistikbanken.dk (accessed Sep 9, 2022).

Tazi, A., Disson, O., Bellais, S., Bouaboud, A., Dmytruk, N., Dramsi, S., et al.
(2010). The surface protein HvgA mediates group B streptococcus hypervirulence
and meningeal tropism in neonates. J. Exp. Med. 207, 2313-2322. doi: 10.1084/
jem.20092594

World Health Organization,. (2021). Urgent need for vaccine to prevent deadly
Group B streptococcus. Available online at: https://www.who.int/news/item/02-
11-2021-urgent-need- for-vaccine- to- prevent- deadly- group- b- streptococcus
(accessed Sep 9, 2022).

Zhu, Y., Wu, J., Zheng, X,, Liu, D., Xu, L., Chen, D, et al. (2020). Etiological
serotype and genotype distributions and clinical characteristics of group B
streptococcus-inducing invasive disease among infants in South China. BMC
Pediatr. 20:146. doi: 10.1186/s12887-020-02048-2

frontiersin.org


https://doi.org/10.3389/fmicb.2022.1001953
https://doi.org/10.1067/mob.2001.113875
https://doi.org/10.1067/mob.2001.113875
https://doi.org/10.1093/cid/cix666
https://doi.org/10.1128/JCM.01424-08
https://doi.org/10.1128/JCM.01182-07
https://doi.org/10.1016/j.cmi.2017.02.021
https://doi.org/10.1016/j.cmi.2017.02.021
https://doi.org/10.3201/eid2611.201669
https://doi.org/10.1093/cid/cix664
https://doi.org/10.3389/fmicb.2018.00437
https://doi.org/10.3389/fmicb.2018.00437
https://doi.org/10.3389/fpubh.2020.00040
https://doi.org/10.3389/fpubh.2020.00040
https://doi.org/10.1128/JCM.40.5.1882-1883.2002
https://www.statistikbanken.dk
https://www.statistikbanken.dk
https://doi.org/10.1084/jem.20092594
https://doi.org/10.1084/jem.20092594
https://www.who.int/news/item/02-11-2021-urgent-need-for-vaccine-to-prevent-deadly-group-b-streptococcus
https://www.who.int/news/item/02-11-2021-urgent-need-for-vaccine-to-prevent-deadly-group-b-streptococcus
https://doi.org/10.1186/s12887-020-02048-2
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/

	Invasive group B Streptococcus strains and clinical characteristics in Danish infants from 1999 to 2009
	Introduction
	Materials and methods
	Study population
	Group B Streptococcus isolates
	Serotyping
	Multilocus sequence typing
	Antibiotic susceptibility testing
	Patient information
	Statistical analyses
	Ethical approvals

	Results
	Population
	Epidemiology
	Prevalences of group B Streptococcus strains
	Age at onset and meningitis
	Other clinical characteristics
	Early morbidities
	Sensitivity analyses

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


