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Abstract

Introduction Despite national guidelines and use of intrapartum antibiotic prophylaxis (IAP), Streptococcus agalactiae
(group B streptococci (GBS)) is still a leading cause of morbidity and mortality in newborns in Europe and the United States.
The European DEVANI (Design of a Vaccine Against Neonatal Infections) program assessed the neonatal GBS infection
burden in Europe, the clinical characteristics of colonized women and microbiological data of GBS strains in colonized
women and their infants with early-onset disease (EOD).

Methods Overall, 1083 pregnant women with a GBS-positive culture result from eight European countries were included
in the study. Clinical obstetrical information was collected by a standardized questionnaire. GBS strains were characterized
by serological and molecular methods.

Results Among GBS carriers included in this study after testing positive for GBS by vaginal or recto-vaginal sampling,
13.4% had at least one additional obstetrical risk factor for EOD. The five most common capsular types (i.e., la, Ib, II, III
and V) comprised ~93% of GBS carried. Of the colonized women, 77.8% received any IAP, and in 49.5% the IAP was con-
sidered appropriate. In our cohort, nine neonates presented with GBS early-onset disease (EOD) with significant regional
heterogeneity.

Conclusions Screening methods and IAP rates need to be harmonized across Europe in order to reduce the rates of EOD.
The epidemiological data from eight different European countries provides important information for the development of a
successful GBS vaccine.

Keywords Group B streptococcus - Streptococcus agalactiae - Maternal colonization - Neonatal sepsis - Early-onset
disease - Vertical transmission - Intrapartum prophylaxis - GBS vaccine
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Abbreviations
ACOG American College of Obstetricians and
Gynecologists

CDC Centers for Disease Control and Prevention

CPS Capsular polysaccharide

CSF Cerebrospinal fluid

GBS Group B streptococcus, (GBS, species Strepto-
coccus agalactiae)

DEVANI Design of a Vaccine Against Neonatal
Infections

EOD Early-onset disease

IAP Intrapartum antibiotic prophylaxis

LOD Late-onset disease

MLST Multi-locus sequence typing

PCR Polymerase chain reaction

PROM Preterm rupture of membranes, rupture of
membranes before onset of labour

PW Pregnant women

RCOG Royal College of Obstetricians and
Gynaecologists

UK United Kingdom

WHO World health organization

Introduction

Streptococcus agalactiae or Group B streptococci (GBS) is a
leading cause of neonatal morbidity and mortality in Europe
and the United States [1, 2]. Early-onset GBS disease (EOD)
in neonates due to vertical maternal transmission presents
with sepsis during the first six days of life, while late-onset
disease (LOD) affects infants between one week and three
months of life [3—5]. The primary risk factor for EOD is
maternal colonization with GBS [3, 5]. After implementa-
tion of screening guidelines and introduction of intrapar-
tum antibiotic prophylaxis (IAP), the rate of EOD decreased
from 1.7 to 0.34 per 1,000 live births in the United States
[6]. After the Centers for Disease Control and Prevention
(CDC) guidelines for the prevention of GBS disease were
released in 2002, multiple European countries adopted uni-
versal screening for GBS colonization of pregnant women
and intrapartum antibiotic prophylaxis (IAP) in case of GBS
colonization [7-9]. However, some European countries, e.g.,
the United Kingdom (UK) follow a risk-based approach. The
Royal College of Obstetricians and Gynaecologists (RCOG)
recommends IAP to women in labour with one of the fol-
lowing risk factors: prolonged premature rupture of mem-
branes (PROM) > 18 h, prematurity, GBS bacteriuria during
the current pregnancy, previous delivery of an infant with
invasive GBS disease, intrapartum fever > 38 °C or preterm
delivery [10]. The reported rate of GBS colonization in most
European countries ranges from 4 to 36%, with most studies
reporting rates higher than 30% [10-14].
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The pan-European DEVANI (Design of a Vaccine
Against Neonatal Infections) consortium was established in
2008 with three main objectives. First, to assess disease bur-
den and GBS capsular sero-/genotype distributions to facili-
tate the design of a GBS vaccine. Second, to standardize
diagnosis of maternal colonization and neonatal infection.
Third, to improve vaccine design by investigating naturally
acquired antibody responses in pregnant women. Next to the
already published parts of the DEVANI study [5, 15-21], we
here report the clinical and microbiological characteristics
of 1,083 pregnant women colonized with GBS and of nine
mother-infant pairs with EOD cases.

Despite substantial efforts to reduce the disease burden
in neonates, GBS remains the leading pathogen in the vul-
nerable neonatal population. Thus, the development of a
multi-valent GBS vaccine for pregnant women has received
increasing attention [22, 23]. Several phase-II studies paved
the way for a broader application [24, 25]. Detailed knowl-
edge of prevalence is required to tailor vaccine coverage of
the circulating capsular serotypes. This study enhances the
understanding of the variation in GBS serotype prevalence
across different geographical regions and over time.

Material and methods
Study participants

Eight European countries cooperated within the DEVANI
consortium (Belgium, Bulgaria, Czech Republic, Denmark,
Germany, Italy, Spain, and the United Kingdom), together
with Novartis Vaccines, Siena, Italy. The study was approved
by the Institutional Review Board Committee of each par-
ticipating institution. All enrolled women and parents of
infected neonates signed a consent form. All GBS isolates
were obtained during the DEVANI project between 2008
and 2010. Maternal and neonatal clinical data were extracted
from the patient charts through a standardized question-
naire. Not all items were available from every single study
participant, explaining the different denominators reported
throughout the manuscript. For data capture and manage-
ment, a secure online platform was available to all partici-
pants involved in the project.

Maternal GBS colonization

Lower recto-vaginal swabs and blood samples were prospec-
tively collected from healthy pregnant women using stand-
ardized methods. Prenatal screening was recommended in all
participating centers even in countries where it is not recom-
mended by official guidelines. Maternal GBS colonization
was defined as GBS isolation by culture from either vagina,
rectum or perianal region before delivery [14, 16, 17].
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Laboratory procedures and GBS strain
characterization

Detailed microbiologic procedures were previously pub-
lished [16, 17]. Briefly, capsular serotyping of GBS strains
was performed by standardized latex agglutination tests
(Immulex kit; SSI, Denmark; now commercialized by SSI
diagnostica). Capsular and pilus genotypes were determined
by polymerase chain reaction (PCR), as described previously
[16, 17, 20, 26]. Of note, Fig. 2a and supplemental Tables 1,
2 and 3 display the results for capsular serotyping, unless
the isolate was untypeable by serotyping, in these cases the
capsular genotype is used for the analyses. Pilus surface
expression was assessed by flow cytometry using monoclo-
nal antibodies raised against pilus 1, 2a and 2b proteins.
In addition, multi-locus sequence typing (MLST) of GBS
isolates was performed [16, 17].

Intrapartum antibiotic prophylaxis

IAP was defined as antibiotics given at any time during
labor for the prevention of EOD in GBS-colonized preg-
nant women [14]. Appropriate IAP was defined as targeted
intravenous antibiotics of at least two doses for at least four
hours prior to delivery. The agent of choice is penicillin
or ampicillin. First-generation cephalosporins are recom-
mended for women with a history of penicillin allergy [10,
27]. Clindamycin was equally considered “appropriate”,
despite substantial rates of antibiotic resistance. For our
analysis, “inadequate IAP” was any IAP not following the
criteria for “appropriate IAP”.

Early-onset invasive neonatal GBS disease

EOD was defined as GBS positive blood or cerebrospinal
fluid culture in the first 6 days of life [14, 28].

Statistical methods

Differences in rates of IAP, stratified according to EOD or
the presence of risk factors (Fig. 1a) were calculated using
Fisher’s exact test. Similarly, the association between addi-
tional maternal risk factors and giving birth to a neonate
with EOD (Fig. 1b) was analyzed using Fisher’s exact test.
The figure legends indicate the exact p-values. Supplemental
Tables 1, 2 and 3 list “raw p-values”, calculated by either chi
square, or Fisher’s exact test if any of the categories had a
number of five or below. Benjamini—-Hochberg adjustments
were calculated to reduce the risk of type-I errors and listed
as “adjusted p-values”. Statistical analyses were performed
and figures were generated either with GraphPad Prism
(Fig. 1 and Fig. S1) or using R [29], version 4.3.3 (Figs. 2
and 3 and supplemental Tables 1, 2, 3, 4).
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Fig. 1 Intrapartum antibiotic prophylaxis to colonized pregnant
women and maternal risk factors for EOD. A Appropriate, inade-
quate or no IAP given to colonized pregnant women. Left, comparing
mothers giving birth to infants without EOD (“no EOD”) or infants
who developed EOD (“EOD”). P-value using Fisher’s exact test
comparing appropriate versus inadequate or no IAP is 0.038. Right,
comparing mothers with or without additional risk factors. P-value
using Fisher’s exact test comparing appropriate versus inadequate or
no IAP is<0.001. B Maternal risk factors for giving birth to infants
with EOD, stratified into mothers who gave birth to infants without
(“no EOD”) or with EOD (“EOD”). P-values using Fisher’s exact test
are 0.004 for PROM > 18 h; 0.01 for intrapartum fever; and 0.003 for
any risk factor. EOD early onset disease. JAP intrapartum antibiotic
prophylaxis. PROM premature rupture of membranes

Results

Overall, 1083 pregnant women (PW) with a GBS-positive
culture result were included in the study. The numbers of
PW enrolled from the different countries were: Belgium 111,
Bulgaria 29, Czech Republic 107, Denmark 82, Germany
363, Italy 93, Spain 187, and the UK 111, respectively. Sup-
plemental Table 1 lists the capsular serotype distribution
across countries.

Clinical characteristics

Table 1 presents the maternal demographics and clinical
characteristics. Study participants had a median age of
31 years, a median gravidity of 2 and parity of 1. 33.3%
delivered via caesarean section. The median gestational age
for GBS screening was 36 weeks. At presentation for deliv-
ery at the obstetric department, GBS screening results were
available in 91.8% (901/982) of cases, for the remaining
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a Capsular serotype (n=1083)
W o =219 20.2%)
[T 1b:n=65 (6.0%)
B 1 n=t51 (13.9%)
B 1 n=364 (33.6%)
B vin=383.5%)
B Vi =199 (18.4%)
[ viin=s (0.5%)
B viin=s 0.6%)
[T Vit n=1 0.1%)
I 1x; n=20 (2.7%)
NE; n=6 (0.6%)

b Sequence type (n=669)
B stiin=100 (14.9%)
[ sm2;n=18 27%)
B s78:n=34 (5.1%)
W sTi0:n=19 28%)
B s712:n=26 (3.9%)
B s717:n=84 (12.6%)
[T sT19; n=111 (16.6%)
B s23; n=107 (16.0%)
| ST24; n=14 (2.1%)
[ s28; n=27 (4.0%)
others; n=129 (19.3%)

Cc Clonal complex (n=666)
B cotin=t31 (19.7%)
[ cet:n=6 (0.9%)
B cot2in=84 (126%)
B cct7in=t04 (156%)
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B ccos:n=16 2.4%)
[T ce130;n=9 (1.4%)
B cc196: n=13 (2.0%)
others; n=8 (1.2%)

Fig.2 Distribution of GBS capsular serotypes, clonal complexes
and sequence types. A Distribution of capsular serotypes of 1083
GBS isolates from colonized pregnant women. Results from capsu-
lar serotyping are displayed, unless the isolate was untypeable (112
isolates), in that case the capsular genotype is used. All ten detected
serotypes are displayed. B Distribution of multi-locus sequence types
of 669 GBS isolates from colonized pregnant women. The ten most
abundant sequence types are displayed, “others” contain 73 additional
STs. C. Distribution of clonal complexes of 666 GBS isolates from
colonized pregnant women. The ten most abundant clonal complexes
are displayed, “others” contain three additional CCs. Nt not typable

cases the result was available only later. A repeated GBS
screening at the time of presentation in the hospital was
performed in 155 PW; of these, 149 (96.1%) had a second
positive screening result.

Prenatal screening

Of the PW recorded as carriers of GBS, 79.9% (762/954)
had a positive recto-vaginal culture for GBS and 20.1%
(192/954) had a positive vaginal culture. The distribution
of capsular serotypes did not significantly differ between
the two body sites (data not shown). Positive GBS culture
results were obtained using one, or a combination, of the
different recommended selective agar media: Granada agar
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a Pilus genotype (n=1083)

W =10 09%)

[ 1+2a; n=622 (57.4%)
B 120 n=166 (15.3%)
B 20 n=265 (24.5%)
B 2b:0=6 0.6%)
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Pilus expression (n=1083)

W =80 82%)
[T 1+2a; n=157 (14.5%)
B 20 n=61 (5.6%)
B 20 =422 39.0%)
B 2b:n=99 9.1%)
Nt or none; n=255 (23.5%)

Nt or none

Fig. 3 Distribution of GBS pilus genotype and pilus expression. A
Distribution of pilus genotypes of GBS isolates from colonized preg-
nant women. B Distribution of pilus expression of GBS isolates from
colonized pregnant women. EOD early onset disease. Nt not typable

in 43.8% (474/1,083); blood agar with colistin and nali-
dixic acid (CNA) in 43.4% (470/1,083); StrepBSelect "
in 18.6% (201/1,083) and ChromID Strepto B™ in 8.3%
(90/1,083), respectively.

Intrapartum antibiotic prophylaxis and risk factors

In total, 77.8% (769/988) of PW received any IAP. For 683
of these PW, information on the given antimicrobial agent
was available: either ampicillin or penicillin in 74.8%
(511/683), followed by cephalosporins (112/683, 16.4%;
Table 2). The median number of dosages prior to delivery
was 2 and the first dose was administered with an aver-
age of 7.4 h prior to delivery (Table 2). 58.3% (382/655)
of women received IAP with two doses prior to deliv-
ery. An appropriate IAP regarding choice of antibiotic,
intravenous application, and number of doses was given
to 49.5% (368/743) of PW. Of note, the frequency of anti-
biotic prophylaxis was significantly lower in PW giving
birth to children with EOD, but rates were significantly
higher in PW with other risk factors, in addition to positive
GBS carrier status (Fig. 1a). Regarding IAP in the differ-
ent participating countries, the range was widely varying
from almost 100% (Spain) to below 40% (Bulgaria, sup-
plemental Fig 1). In total, 13.4% (145/1,083) of all PW
had at least one obstetrical risk factor for EOD besides
GBS colonization, i.e. rupture of membranes of > 18 h,
intrapartum fever, or positive GBS urine culture as an indi-
cator for heavy colonization (Fig. 1b).
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Table 1 Clinical characteristics
of the study population

Variable

Total number of Results of variable

participants (n)

Maternal age at delivery in years =~ Median (interquartile range) 1081 31 (27-35)
Gravidity Median (interquartile range) 971 2 (1-2)
Parity Median (interquartile range) 973 1(1-2)
Mode of delivery Absolute numbers (percentage) 884 529 (59.8%)
Vaginal delivery 61 (6.9%)
Vaginal-operative delivery 144 (16.3%)
Elective caesarean delivery 150 (17.0%)
Non-elective caesarean delivery

GA at GBS screening in weeks Median (interquartile range) 962 36 (35-37)

Different denominators due to missing variables

GA gestational age, GBS group B streptococcus

Table 2 Intrapartum antibiotic prophylaxis

Variable Total number of partici- Results of variable
pants (n)
Intrapartum antibiotics Total (percentage) 988 769 (77.8%)
Selection of maternal antibiotics Total (percentage) 683 389 (60.0%)
Ampicillin 122 (17.9%)
Penicillin 112 (16.4%)
Cephalosporins 17 (2.5%)
Erythromycin 7 (1.0%)
Clindamycin 18 (2.6%)
Others
Indication for maternal antibiotics Total (percentage) 751 679 (90.4%)
GBS prophylaxis 40 (5.3%)
Perioperative prophylaxis (Caesarean delivery) 2 (0.3%)
Suspected chorioamnionitis
Route of maternal antibiotic administration Total (percentage) 683 655 (95.6%)
Intravenous 28 (4.1%)
Oral
Hours of first antibiotic dose prior to delivery Mean+ SD 650 7.38+6.80
Total number of antibiotic dosages prior to delivery Median 659 2

Different denominators due to missing variables

GBS group B streptococcus, SD standard deviation

Early-onset neonatal GBS disease

Of 988 infants born to colonized women, nine developed
GBS early onset disease (EOD). Due to the heterogenous
distribution of EOD cases across Europe, with most coun-
tries reporting zero cases in the respective cohorts, estimat-
ing overall incidence rates from our data would not be mean-
ingful. Seven cases were reported from the Czech Republic
and two cases from Germany. Table 3 lists the character-
istics of nine mother-infant pairs with EOD. Five of those
patients were delivered vaginally, and four by emergency
caesarean section. Four women had PROM > 18 h and two
developed intrapartum fever >38 °C, and five had at least
one risk factor (Fig. 1b). In three cases, the GBS culture
result was not known at the time of delivery. The localisation

of the culture was vaginal in five patients and only two had
an appropriate recto-vaginal culture. Eight out of the nine
women did not receive appropriate IAP prior to delivery,
while one PW received three doses of clindamycin, which
is considered appropriate IAP despite potential antibiotic
resistance (Table 3, Fig. 1a).

Microbiological characteristics of isolated strains

Capsular serotyping of all 1083 GBS isolates was performed.
112 (10.3%) of isolates were non-typable by capsular sero-
typing, therefore capsular genotyping was performed for all
isolates, here 54 isolates (5.0%) remained untypeable. Com-
bining the two methods, we were able to determine the cap-
sular type of all but six isolates (0.5%). Figure 2a displays
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Table 3 Clinical characteristics and clinical GBS screening data of the nine mother-infant pairs with EOD

Mother- Maternal age GA at screen- Localiza- Duration of  Intra-partum Mode of IAP Total antibi-  Sero-type
infant at delivery ing timepoint tion of GBS ROM before fever delivery otic dosages
pair (years) screening delivery prior to
(hours) delivery
1 28 Unknown Vaginal >18 Yes Vaginal Clinda-mycin 3 II
2 30 35 Vaginal <12h No Vaginal No - II
3 25 35 Vaginal <12 Yes Vaginal Peni-cillin 1 I
4 30 34 Vaginal >18 No Vaginal Spira-mycin 5 v
5 38 No screening Unknown >18 No Emergency  Azithro- 1 I
result at C-section mycin
delivery
6 32 36 Vaginal 12-18 No Vaginal No - \Y
7 25 No screening  Unknown >18 No Emergency  Azithro- 3 v
result at C-section mycin
delivery
8 36 35 Recto-vag-  Unknown No Emergency  No - 1I
inal C-section
9 32 No screening Recto-vag- ~ Unknown Un-known Emergency  No - Ia
result at inal C-section
delivery

EOD early-onset disease, ROM rupture of membranes, GA gestational age, GBS group B streptococcus, JAP intrapartum antibiotic prophylaxis

the results from capsular serotyping, unless the isolate was
untypeable, in that case the result from capsular genotyping
is utilized. Of note, 26 isolates (2.4%) yielded discordant
results between the two methods, in these cases the capsular
serotype is used for further analysis (supplemental Table 4).
We found no predominance of a specific combination, thus,
while both methods are potentially erroneous, a systematic
error in the two detection methods may be excluded. The
predominant capsular serotype was type III (33.6%) followed
by type Ia (20.2%), type V (18.4%), and type II (13.9%).
Comparing capsular serotype prevalences across participat-
ing countries revealed some heterogeneity, e.g. an under-
representation of CPS type IV in Germany. While type III
was the most common isolate in every country, the rates of
type la ranged from 3.5% in Bulgaria to 22.5% in the UK
and for type V, it ranged from 7.3% in Denmark to 19.8% in
Belgium (supplemental Table 1). No significant association
between capsular serotype and age groups or between cap-
sular serotype and parity status was observed (supplemental
Tables 2 and 3).

Multilocus sequence types (MLST, Fig. 2b) of 669 GBS
isolates were generated and clonal complexes (CC, Fig. 2¢)
were assigned to 666 isolates, the remaining three STs were
singletons. The most common MLST sequence types were
ST 19 (16.6%), ST 23 (16.0%), and ST 1 (14.9%). Clonal
complex 19 (23.6%) was most frequently identified, followed
by CC 1 (19.7%) and CC 23 (19.1%).

Pilus genes were detected in in 1069 out of 1083 iso-
lates. A predominance of a type 1+ 2a pattern was observed
(57.4%; Fig. 3a). GBS pilus analysis by serological
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procedures failed to demonstrate pilus expression in 215
isolates (19.9%), including the 14 strains lacking evidence
of pilus genes. Another 40 isolates (3.7%) were not typeable.
Among the 828 positive isolates, type 2a was the most prev-
alent expression type (51%, i.e. 39% of all isolates, Fig. 3b).

Discussion

Despite the progress in knowledge about prevention of EOD
and implementation of preventive strategies, GBS remains a
major cause of neonatal morbidity and mortality. One of the
aims of the European DEVANI project, studying more than
1,000 GBS-colonized pregnant women, was to assess Euro-
pean GBS epidemiology in order to facilitate the design of
GBS vaccines [5, 16, 17]. In Europe, the majority of coun-
tries, except Bulgaria, Denmark, Greece, Norway, and the
United Kingdom, offer universal prenatal screening for GBS
colonization between 35 and 37 weeks of gestation and TAP
in case of positive GBS screening. Since recently, a PCR-
based screening method is increasingly used [30].

The median GA at screening in our cohort was 36 weeks,
which is in accordance with the recommended screen-
ing period of 35-37 weeks. For better coverage up to 41
0/7 weeks of gestation, the American College of Obste-
tricians and Gynecologists (ACOG) committee recom-
mends a new timing of universal GBS screening between
36 0/7 and 37 6/7 weeks of gestation [27]. In our cohort,
155 PW received a second screening when presenting
for delivery; of these, 149 (96.1%) had a second positive
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screening result. While a similarly high percentage has been
described before [31], this is an unusually high detection
rate, consistent with a stable GBS carrier state. Only 13%
of women had at least one additional obstetrical risk factor
for EOD, i.e., the majority of colonized women would have
been missed by a risk-factor based IAP approach, while all
were at risk of giving birth to a neonate with EOD. In a
large cohort of neonatal GBS sepsis, 66% of mothers did
not have any additional risk factors, underlining the safer
coverage of a universal screening approach as opposed to
a risk factor-based approach [5]. The main risk factors for
EOD are PROM > 18 h and intrapartum fever [2, 9], which
our study confirmed. A previously published meta-analysis
found a risk of EOD of 1.1% (95%-confidence interval [CI]
0.6-1.5%) in settings without IAP policy and a risk of 0.03%
(95%-CI 0-0.7%) with universal screening and a mean [AP
coverage rate of 75% [14]. In the Czech Republic, 7 EOD
cases were observed among 107 PW included in this study,
in Germany 2 EOD cases were observed among 363 PW
included. All other participating countries reported zero
EOD cases. This regional difference could reflect regional
differences in the management of the newborns, i.e. indica-
tion for antibiotic therapy in suspected infections without
culture positivity. In addition, reporting bias could have
influenced this regional heterogeneity.

In our study cohort, some kind of IAP was initiated in
77.8% (769/988) of cases, which is lower than the 89-93% in
most published studies on screening-based IAP approaches
[2, 14, 32]. This is in part attributable to 8.2% (81/982) of
PW for whom screening results became available only after
delivery. In addition, important regional differences were
observed (Spain: almost 100%, Bulgaria: 40% IAP rate). An
appropriate IAP regarding drug choice, application route,
and treatment time was observed in only 49.5% (368/743) of
our colonized PW. A substantial part of PW only present to
the delivery ward with active labour status, thus the timespan
is frequently too short for appropriate IAP [33]. In mothers
with additional risk factors, IAP rates were higher, indicat-
ing that individual decisions influenced treatment choices.
Risk factors were unevenly distributed across Europe, with
GBS bacteriuria ranging from zero cases in several countries
to 27.3% in Spain. Similarly, several countries reported zero
PROM cases in our cohort, while Spain reported it in 13.4%
of cases. Appropriate IAP was not administered to 8 out of 9
EOD cases, indirectly confirming the efficacy of IAP. Simi-
larly, regarding the anatomical site of the screening, 20% of
the cultures were vaginal and not vaginal-rectal or vaginal-
perianal, which yield substantially better culture results [8,
27, 34]. Together, this reveals a low adherence to existing
recommendations and to the study protocol even under study
conditions and emphasizes the need for universal recom-
mendations and continued efforts to maintain awareness for
guideline adherence among health professionals.

While IAP is crucial for preventing group B streptococ-
cus infections, its effects on the neonatal microbiome war-
rant careful consideration. It may pose risks to the neonate,
particularly by disrupting the development of their micro-
biome. This disruption may lead to altered gut microbiota,
potentially increasing susceptibility to infections and inflam-
matory conditions with possible long-term health conse-
quences. These effects warrant consideration, when balanc-
ing the risks and benefits against the considerable rate of
EOD in infants born to mothers without any additional risk
factors.

A previously published systematic review found five cap-
sular serotypes (i.e., Ia, Ib, II, III, V) to account for more
than 85% of circulating capsular serotypes worldwide and
in Europe these numbers increased to 96.1% in infants with
EOD or LOD and 88% in carriers [3, 5]. As previously
described, the high prevalence of pilus type 1+ 2a in colo-
nizing isolates matches the higher frequencies of capsular
serotype V, Il and Ib in the colonization group compared to
invasive GBS strains [16]. Our data shows that the same five
capsular serotypes accounted for 92.6% of typeable coloniz-
ing GBS strains. Using a hexavalent vaccine [25] increases
coverage to 98% of infants [5] and 96.6% of colonized PW,
supporting this approach also for the European population.
Indeed, given the repeatedly documented limitations of all
screening procedures, the high disease burden of GBS in
neonates and the promising results of vaccine trials [25],
increased efforts are warranted to implement a universal
GBS vaccine to pregnant women.

There are some limitations to our study. Prematurity as a
risk factor was not assessed. Despite the eligibility criteria
stating otherwise, 10 PW with an age below 18 years were
included in the study and those cases were included in the
analyses. Regional differences of GBS policies, including
different IAP application standards make comparison of
data difficult and partially explain the variations we have
found. There is a number of missing variables in our data
that could not be obtained in retrospect. However, the over-
all large number of cases may compensate for the missing
variables. Lastly, the delay in reporting is attributable to dif-
ficulties in management of the dataset with missing variables
from different countries, as well as to changes in personal
responsibilities within the consortium. However, the authors
strongly believe that the clinical and microbiological find-
ings in our highly unique European cohort are still relevant
to the current situation and reflect the spectrum of GBS dis-
ease nowadays.

In conclusion, continuous efforts to increase awareness
and standardize compulsory screening procedures across
Europe are required to decrease the disease burden of GBS
in neonates. The World Health Organization (WHO) has
identified the development of a GBS vaccine as a priority
[35]. Our study provides detailed insight into the European
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prevalence of GBS capsular serotypes and pilus types, which
is of crucial importance for future preventive strategies and
vaccine development.
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