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Abstract

Introduction. Group B streptococcus (GBS) is a leading cause of invasive neonatal infections. These have been divided into 
early- onset disease (EOD; <7 days) and late- onset disease (LOD; 7–89 days), with different GBS clonal complexes (CCs) associ-
ated with different disease presentations.

Hypothesis. Different GBS CCs are associated with timing of infection (EOD or LOD) and clinical presentation (sepsis, meningitis 
or pneumonia).

Aim. To study infant GBS infections in Iceland from 1975 to 2019. Are specific GBS CCs related to disease presentation? Is CC17 
overrepresented in infant GBS infections in Iceland?

Methodology. All culture- confirmed invasive GBS infections in infants (<90 days) in Iceland from 1975 to 2019 were included. 
Clinical information was gathered from medical records.

Results. A total of 127 invasive GBS infections in infants were diagnosed, but 105 infants were included in the study. Of these, 
56 had EOD and 49 had LOD. The incidence of GBS infections declined from 2000 onwards but increased again at the end of the 
study period. Furthermore, there was a significant increase in LOD over the study period (P=0.0001). The most common pre-
senting symptoms were respiratory difficulties and fever and the most common presentation was sepsis alone. Approximately 
one- third of the cases were caused by GBS CC17 of serotype III with surface protein RIB and pili PI-1+ PI- 2b or PI- 2b. CC17 was 
significantly associated with LOD (P<0.001).

Conclusion. CC17 is a major cause of GBS infection in infants in Iceland. This clone is associated with LOD, which has been 
increasing in incidence. Because intrapartum antibiotic prophylaxis only prevents EOD, it is important to continue the develop-
ment of a GBS vaccine in order to prevent LOD infections.

INTRODUCTION
Streptococcus agalactiae or group B streptococcus (GBS) 
is a leading cause of invasive neonatal infections [1]. The 
bacterium colonizes the gastrointestinal and genital tracts of 
humans [2, 3] and up to 44 % of women carry GBS in the 
vagina during pregnancy [4–8]. Most commonly, GBS infec-
tions of newborns occur because of an ascending infection in 
pregnancy or the newborn becomes colonized during passage 
through the birth canal [2]. Approximately half of infants born 

to women who are carriers of GBS will be colonized, but only 
1–2 % of those will develop an invasive GBS infection [2, 3].

Infections in infants have been divided into early- onset 
disease (EOD) occurring 1–6 days after birth and late- onset 
disease (LOD) occurring 7–89 days after birth [2, 9]. GBS 
disease in infants most commonly presents as sepsis, pneu-
monia or meningitis [1, 2, 9] and studies have shown that 
meningitis is significantly more common in LOD [9, 10]. 
The most common risk factors for EOD are known maternal 
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colonization, premature rupture of membranes (PROM), 
preterm delivery (<37 weeks’ gestation), prolonged rupture 
of membranes (≥24 h), chorioamnionitis and intrapartum 
fever ≥38 °C) [2, 3, 11]. More than 80 % of infants with EOD 
present with respiratory distress, i.e. tachypnea or grunting, 
with retractions and nasal flaring. Infections can also present 
as apnea, especially in the preterm infant [2]. Maternal colo-
nization of GBS is also a risk factor for LOD and many infants 
who get LOD are born preterm [12]. Other risk factors for 
LOD, such as nosocomial transmission and contaminated 
breast milk, have been postulated [12]. Clinical signs of LOD 
infections in infants are often nonspecific [2].

Discussion of preventive measures against GBS infections in 
infants started around 1990 [13]. Since then many countries 
have implemented preventive measures, giving intrapartum 
antibiotic prophylaxis based on risk factors or screening for 
GBS in pregnancy [1, 14]. Following these measures the inci-
dence of EOD but not LOD has declined [1], and some studies 
have suggested that the incidence of LOD may be increasing 
[15, 16]. The incidence of all GBS infections in infants from 
0 to 89 days of age is reported to be 0.49–0.53/1000 live births 
[17, 18].

An important virulence factor for GBS is the capsular poly-
saccharide (CPS), which has been used for serotyping and 

Table 1. Information on pregnancy, delivery, GBS risk factors and perinatal clinical factors of 105 infants with GBS infection in Iceland from 1975 to 
2019

  Early- onset disease (EOD) Late- onset disease (LOD) All cases P- value

No. (%) No. (%) No. (%)

No. of cases (%) 56 (53) 49 (47) 105 (100)

Infant

  Female 19 (34) 26 (53) 45 (43) 0.08

  Male 37 (66) 23 (47) 60 (57) 0.08

  APGAR 1 min 7 [5–8]* 8 [6–8]* 8 [6–8]* 0.45

  APGAR 5 min 9 [7–9]* 9 [8–10]* 9 [7–10]* 0.11

  Age at diagnosis (days) 1 [0–1]* 23 [15–53]* 2 [1–21]*

  Deaths 5 (9) 0 (0) 5 (5) 0.06

Pregnancy and delivery

  Birthweight (g) 3675 [2998–4083]* 3100 [2123–3837]* 3480 [2573–4030]* 0.008

  Gestational age (days) 280 [259–286]* 274 [245–283]* 276 [253–286]* 0.19

  Twins 2 (4) 7 (14) 9 (9) 0.08

  Preterm (<37 weeks) 14 (25) 17 (35) 31 (30) 0.31

  Emergency c- section 9 (16) 10 (20) 19 (18) 0.67

  Elective c- section 0 (0) 2 (4) 2 (2) 0.21

  Assisted delivery 7 (13) 7 (14) 14 (13) 0.78

  Intrapartum antibiotics 6 (11) 8 (16) 14 (13) 0.46

  Mother diagnosed
  with chorioamnionitis

5 (9) 1 (2) 6 (6) 0.22

Known risk factors

  Mother known GBS
  carrier

4 (7) 4 (8) 8 (8) 0.73

  Premature rupture of membranes 
(PROM)

29(52) 14 (29) 43 (41) 0.09

  Prolonged PROM
  >24 h before birth

13 (23) 4 (8) 17 (16) 0.09

Intrapartum fever ≥38 °C 10 (18) 3 (6) 13 (12) 0.19

*Median (interquartile range).
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understanding the epidemiology of GBS [19]. To date, 10 
different types of CPS have been described (Ia, Ib and II–IX) 
and the most common serotype in neonatal infections is type 
III [19]. GBS also has three different types of pili and a few 
types of surface proteins [alpha- like proteins such as C alpha 
(BCA), rib (RIB), epsilon (EPS) and alpha- like proteins 2–4 
(ALP2-4)] that have been identified [20]. In recent years, 
with more advanced molecular methods such as multilocus 
sequence typing (MLST), GBS has been categorized into 
several sequence types (STs) and clonal complexes (CCs) 
according to genetic relatedness [21].

The aim of this study was to describe GBS infections in infants 
in Iceland from 1975 to 2019 and determine if there is a rela-
tionship between the clinical presentation of GBS infections 
and microbiological factors of the bacteria, such as serotypes, 
CCs, surface proteins and pili, and also to determine if clonal 
complex 17 is overrepresented in infections in Icelandic 
infants, as has been shown in studies from other countries 
[22–24].

METHODS
All culture- confirmed invasive GBS infections (from blood 
or cerebrospinal fluid) in infants (<90 days) in Iceland in the 
years 1975–2019 were included. The data were accessible 
from the database of the Department of Clinical Microbi-
ology, Landspitali University Hospital. Clinical information 
was gathered from infant and maternal medical records 
using national identification numbers. Information on the 
following variables related to pregnancy and birth were 
collected: gestational age, complications during pregnancy, 
mode of delivery, maternal GBS status, premature rupture 
of membranes (PROM), maternal fever  ≥38 °C during 
delivery, intrapartum antibiotic prophylaxis and diagnosed 
chorioamnionitis. The following variables were gathered 
regarding the infant and clinical presentation of the infec-
tion: gender, birth weight, APGAR score, age at diagnosis, 

first clinical signs of infection, results from blood culture 
and culture from cerebrospinal fluid, antibiotic treatment, 
number of days in hospital, diagnosis of sepsis, meningitis 
and/or pneumonia and deaths.

All available isolates from all GBS infections during the 
study period were kept frozen at the department. Serotyping 
had been performed earlier at the Department of Clinical 
Microbiology, Landspitali University Hospital, Reykjavik, 
Iceland and at the Faculdade de Medicina, Universidade 
de Lisboa, Lisbon, Portugal by one of the authors (E. S.B.), 
as recently published [25, 26]. Capsular serotyping was 
performed by latex agglutination test [27]. MLST was 
used to categorize the bacteria into sequence types (STs) 
[28] and from that into clonal complexes (CCs) using the 
goeBURST algorithm [21]. A multiplex polymerase chain 
reaction (PCR) was used to test for the presence of pili and 
surface protein genes [29].

Statistical analysis and graphical representation were 
performed using the software Rstudio. The chi- squared 
test and Fisher’s exact test were used to compare two 
categorical variables, the two- sample t- test was used 
to compare two means of continuous variables and the 
Wilcoxon test was used to compare two medians of non- 
normally distributed continuous variables. Correction for 
multiple testing was done with the Bonferroni method 
where appropriate. Poisson regression was used for anal-
ysis of the incidence of GBS infections. Information on 
live births in Iceland was obtained from Statistics Iceland 
( www. statice. is). Results were considered significant if the 
P- value was <0.05.

The study was approved by The National Bioethics 
Committee (VSNb2015120015/03.03.) with later adapta-
tions and the medical director of Landspitali, University 
Hospital.

Fig. 1. Epidemiology of invasive GBS infections in infants (<90 days old) in Iceland from 1975 to 2019. (a) Incidence of invasive GBS 
infections in infants from 1975 to 2019 divided by 5- year periods. All GBS infections in infants (n=124) are included, regardless of the 
availability of the isolate; three GBS reinfections were excluded. In total, there were 68 cases of EOD and 56 cases of LOD during the 
study period. (b) Clonal complexes (CCs) of GBS isolates in infants in Iceland from 1975 to 2019 divided by 5- year periods. Isolates were 
of seven different CCs.

www.statice.is
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RESULTS
The number of invasive GBS infections in infants (<90 days) 
in Iceland from 1975 to 2019 was 127, and of these 3 infants 
were reinfected [year 1984 at days 1 (CC17, serotype III, 
surface protein gene RIB, pili PI-1 +PI- 2b) and 35 (isolate 
not available); year 1989 at days 24 (CC17, serotype III, 
surface protein gene RIB, pili PI-1 +PI- 2b) and 41 (isolate 
not available); year 2017 at days 11 and 40 (both isolates 
CC17, serotype III, surface protein gene RIB, pili PI- 2b)]. 
Of those infections, 107 isolates were available from 106 
infants. One medical record was missing (serotype V, CC1). 
Thus, 105 infants and their isolates were included in the 
study. There were 60 males (57 %) and 45 (43 %) females. 
There were 56 (53 %) with EOD and 49 (47 %) with LOD. 
Information about the infants, pregnancy and delivery, as 
well as known risk factors for GBS infections, separated into 
EOD and LOD, is shown in Table 1.

Preterm infants were 31 in total (30 %) and out of the 14 
preterm infants with EOD, 8 were born after PROM and 
of these 7 mothers had PROM >24 h before birth. Labour 
was induced in two mothers, one had high fever and the 
other had pre- eclampsia. In total, 55 mothers (52 %) had 1 
or more risk factors for infection, and of those, 36 (65 %) 
were mothers of infants who got EOD. In total, 14 mothers 
received antibiotics intra- partum and of these 6 had infants 
who got EOD and 8 had infants who got LOD (Table 1). 
During the study period six mothers with fever  ≥38 °C 
during delivery did not receive antibiotics; five of those 
cases occurred before 2002.

Epidemiology
The incidence of all invasive GBS infections in infants in 
Iceland from 1975 to 2019 is shown in Fig. 1a. The inci-
dence increased during the first half of the study period 
and peaked in 2000–2004 at 1.15/1000 live births. After 
that, the incidence decreased but increased again at the end 
of the study period in 2015–2019 to 0.67/1000 live births. 
The incidence of EOD increased during the first half of the 
study period and was highest in 1995–1999 at 0.76/1000 

live births and decreased after that and at the end of the 
study period in 2015–2019 the incidence was 0.19/1000 live 
births. The incidence of LOD increased significantly during 
the study period (P=0.0001) and was highest in 2000–2004 
at 0.62/1000 live births. At the end of the study period in 
2015–2019 the incidence was 0.48/1000 live births.

Serotypes and molecular types
The GBS isolates were of six different serotypes, with sero-
type III being the most common. Of 105 isolates, 56 (53 %) 
were serotype III, 23 (22 %) serotype Ia, 9 (9 %) serotype Ib, 
8 (8 %) serotype V, 5 (5 %) serotype II and 3 (3 %) serotype 
IV, while 1 was not typable. The GBS isolates were of seven 
different CCs, with CC17 being the most common. Of 
105 isolates, 39 (38 %) were CC17, 19 (18 %) were CC19, 
18 (17 %) were CC23, 12 (12 %) were CC10, 9 (9 %) were 
CC1, 6 (6 %) were CC7 and 1 (1 %) was CC22. Before the 
turn of the century CC17 comprised <50 % of total isolates. 
The proportion increased significantly over time (P=0.003) 
and CC17 comprised ~80 % of total isolates in 2015–2019 
(Fig. 1b).

Four different types of surface protein genes were found in 
the isolates in the study. In total, 58 (56 %) had the surface 
protein gene RIB (rib), 21 (20 %) the surface protein gene 
BCA (bca), 20 (19 %) the surface protein gene EPS (eps) 
and 5 (5 %) the surface protein gene ALP3 (alp3). The 
GBS isolates had four different combinations of pili. The 
most common combination was PI-1 +PI- 2a among 39 
(38 %) isolates, while 35 (34 %) isolates had PI-1 +PI- 2b, 
21 (20 %) isolates had PI- 2a and 9 (9 %) isolates had PI- 2b. 
GBS CCs were mostly associated with given serotypes, 
surface protein genes and pili as previously reported [30]. 
In total, 18 different lineages of the GBS bacteria were 
found during the study period. The most common lineage 
CC17 of serotype III, with the surface protein gene RIB 
and pili PI-1 +PI- 2b, was found in 30 infections (29 % of 
all isolates).

Table 2. Clinical findings for infants with GBS infections in Iceland from 1975 to 2019 divided by EOD and LOD

Early- onset disease (EOD) Late- onset disease (LOD) All cases P- value

  No. (%) No. (%) No. (%)

No. of cases (%) 56 (53) 49 (47) 105 (100)

Fever ≥38 °C 20 (36) 39 (80) 59 (56) <0.001

Respiratory difficulties 51 (91) 31 (63) 82 (78) 0.001

Hospital stay (days)* 10 [8–14]* 11 [9–26]* 10 [8–17]* 0.18

Sepsis 56 (100) 49 (100) 105 (100) 0.49

Meningitis 6 (11) 12 (24) 18 (17) 0.11

Pneumonia 15 (27) 0 (0) 15 (14) <0.001

*Median (interquartile range).
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Clinical presentation
GBS infections in infants were classified as sepsis alone (the 
most common presentation with 74 infants or 70 %), sepsis 
with meningitis (16 infants or 15 %), sepsis with pneumonia 
(13 infants or 12 %) and sepsis with meningitis and pneu-
monia (2 infants or 2 %). Clinical information on GBS infec-
tions and diagnoses of infants separated by EOD and LOD is 
shown in Table 2. The most common presenting symptoms 
were respiratory difficulties and fever  ≥38 °C. Respiratory 
difficulties were tachypnea (respiratory rate  ≥60/min), 
grunting, retractions and nasal flaring. Respiratory difficul-
ties were significantly more common in EOD than LOD 
(P=0.001), but fever ≥38 °C was significantly more common 
in LOD (P<0.001). Meningitis was more common in LOD 
than EOD, although not significantly, and pneumonia was 
only diagnosed in EOD (Table 2).

There was a significant relationship between CC10 and 
pneumonia (P=0.03), but it was lost after correction for 
multiple testing with the Bonferroni method. There was not 
a significant relationship between CCs and fever or CCs and 
respiratory difficulties (P=0.21 and P=0.20). The relation-
ship between presenting symptoms and serotypes, surface 
proteins and pili was also tested. A significant relationship 
was found between serotypes and fever ≥38 °C (P=0.01), 
where serotype III caused fever more often and serotypes 
II and V less often than expected. There was not a signifi-
cant relationship between presenting symptoms and other 
factors.

A significant relationship was found between CCs and 
infection classification as EOD or LOD (P=0.002) (Fig. 2). 
Moreover, CC17 was significantly more common in LOD 
than EOD (P<0.001). CCs 10, 19 and 23 were more common 
in EOD than LOD, but not significantly (P=0.06, P=0.25, 
P=0.14).

Antibiotics
Of 14 mothers who received intrapartum antibiotic prophy-
laxis, 7 received penicillin (50 %), 4 ampicillin–clavulanic 
acid (29 %), 1 ampicillin, 1 cefazolin and 1 erythromycin with 
gentamicin. Ampicillin with either gentamicin or cefotaxime 
as empirical therapy at presentation was the most common 
antibiotic used for infants with suspected severe infection (96 
infants or 91 %). The most common antibiotic that infants 
received when GBS infection had been confirmed was ampi-
cillin (98 infants or 93 %). Next were gentamicin (62 infants or 
59 %), cefotaxime (40 infants or 38 %), netilmicin (38 infants 
or 36 %) and penicillin (20 infants or 19 %). When informa-
tion on susceptibility was available, ampicillin was usually 
continued alone or changed to penicillin monotherapy.

DISCUSSION
The incidence of invasive GBS infections in infants in Iceland 
decreased from a peak in 2000–2004 until it increased again 
at the end of the study period in 2015–2019. However, when 
considering fluctuations in the incidence in Iceland, the small 
size of the population must be taken into account. In accord-
ance with other studies, the incidence of EOD decreased from 
the turn of the century [1, 31]. This was likely the result of 
preventive measures against EOD, such as intrapartum anti-
biotic prophylaxis for women with known risk factors. In 
agreement with Icelandic studies on GBS infections in infants, 
covering the years 1976–2015, the incidence of LOD increased 
significantly during the study period [16, 26]. More studies 
have shown that the incidence of LOD has remained the same 
or surprisingly increased in recent decades [1, 12, 15, 31–33]. 
At the end of the study period in 2015–2019 the incidence 
of EOD in Iceland was 0.19/1000 live births, slightly lower 
than the incidence of 0.23 recently reported in the USA [34]. 
Interestingly, the incidence of LOD in Iceland was 0.48/1000 
live births at the end of the period, clearly higher than the 
incidence of 0.31 in the USA [34]. It seems that the incidence 
in Iceland is still shifting more towards LOD.

The available isolates were of six different serotypes, with III 
being the most common. This is in context of a recent meta- 
analysis of the epidemiology of neonatal GBS infections that 
included 135 studies showing that serotype III was the most 
common (61.5%) [18]. In our study the GBS isolates were of 
seven different CCs and CC17 was clearly the most common. 
The same has been shown in studies in Sweden and Ireland 
[22, 23], and in the Netherlands CC17 increased in prevalence 
during recent decades [24]. In our study, the hypervirulent 
clone CC17 was also overrepresented and accounted for about 
80 % of all GBS isolates from infants in 2015–2019.

The most common presenting symptoms were respira-
tory difficulties and fever. Respiratory difficulties were 
significantly more common in EOD than LOD, probably 
because pneumonia is more often related to EOD. Fever was 
significantly more common in LOD. This could be because 
the infection is more advanced at the time of diagnosis or 
the infant is more mature at that time. The most common 

Fig. 2. Clonal complexes (CCs) of GBS infections in infants in Iceland 
from 1975 to 2019 divided by early- onset disease (EOD) and late- onset 
disease (LOD).
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presentation in our study was sepsis alone (see Table 2). 
Meningitis was more common in LOD and pneumonia 
was only diagnosed in EOD. Other studies have found 
similar results but with fewer cases of pneumonia in EOD 
[9, 11, 31]. It is conceivable that pneumonia is related to 
EOD because neonates may aspirate colonized amniotic 
fluid or vaginal secretions during the birth process and 
passage through the birth canal. Meningitis could be more 
common in LOD than EOD because of later intervention 
in LOD. Furthermore, infants with LOD had significantly 
lower birthweight than infants with EOD and a higher 
proportion of preterm infants, resulting in lower titres of 
maternal- specific antibodies [35]. Thus, preterm infants 
could be more susceptible to severe LOD infections.

In this study, CC10 was significantly related to pneumonia 
but this relationship was lost after correction for multiple 
testing. To the best of our knowledge, this has not been 
reported before. However, this must be interpreted with 
caution because of the few cases and possible coding differ-
ences for the diagnosis of pneumonia. This study did not 
show a relationship between CC17 and meningitis, as other 
studies have [10, 36]. The proportion of meningitis cases 
among LOD was 24 versus 66 % in a study from France 
[10] and only 6 out of 18 cases of meningitis were caused 
by CC17. It remains uncertain why fewer CC17 meningitis 
cases occurred in Iceland, but one possibility is that infants 
received medical care sooner. However, CC17 was associ-
ated with LOD, as shown in other studies [22, 36]. A study 
from Canada on GBS colonization in pregnant women with 
follow- up after delivery showed that ST17 and ST19 were 
significantly more likely to persist in vaginal samples than 
others, despite antibiotic treatment [37]. The CC17 group 
almost exclusively comprises ST17 [23]. On the same note, 
all three infants with reinfection in our study had CC17. 
It can be postulated that the increase in the use of anti-
biotics during delivery after the turn of the century may 
have had an impact on the increase in the prevalence of 
the hypervirulent clone CC17, as other authors have also 
suggested [38, 39]. The PI-1 and PI- 2b pili that most CC17 
have seem to be important for adherence to epithelial cells 
[40]. Furthermore, the PI- 2b pilus has been shown to play a 
role in invasion and possible spread to the central nervous 
system [41]. In our study there were 39 (37 %) CC17 of 
serotype III with the surface protein gene RIB, 30 had 
pili PI-1 +PI- 2b and 9 only had PI- 2b. Thus, this study is 
consistent with the suggestion that this clone is hyperviru-
lent in neonatal GBS infections.

Risk factors for neonatal GBS infections were confirmed in 
half of the mothers, and two- thirds of their infants got EOD. 
PROM >24 h before birth and fever ≥38 °C during delivery, 
which are known risk factors for EOD [1, 11, 42], were 
more common in EOD than LOD. Risk factors for LOD 
are less clear but maternal carriage of GBS and prematurity 
are two known factors [12]. Preterm infants were 14 (25 %) 
in the EOD group and 17 (35 %) in the LOD group. Twelve 
infants with LOD were infected while still in the hospital, 
suggesting that transmission might have occurred from 

the hospital environment or from their mothers. Those 12 
infants had been admitted for an average of 39 days, 9 were 
born preterm, 1 mother was a known GBS carrier and 3 
mothers received antibiotics intrapartum. Other countries 
have reported hospital transmissions of GBS [43, 44] and 
in our study we found three possible cases of hospital 
transmission.

Fourteen mothers received intrapartum antibiotic prophy-
laxis. Six had children with EOD and four of them had fever 
during delivery, which has been correlated with ineffective-
ness of antibiotics [45]. Eight mothers had infants with LOD 
and five infants were infected with CC17, which has been 
shown to persist in the birth canal [37].

The small number of patients in our study may be regarded 
as a weakness, but we describe GBS infections in infants from 
a whole country over several decades.

A recent meta- analysis of 17 studies comparing screening- 
and risk- based protocols for prevention against neonatal 
GBS infections showed that screening was associated with 
lower incidences of EOD [46]. However, the rising incidence 
of LOD is of concern and other prophylactic measures, such 
as vaccines, are needed [47, 48]. Given the differences in 
serotypes and invasiveness in EOD and LOD it is important 
for every country to follow their epidemiology in the fight 
against neonatal invasive GBS infections.

Funding information
Landspitali- University Hospital of Iceland, Research Fund, 2019.

Acknowledgements
Ubaldo Benitez Hernandez, a statistician, advised on the statistical 
analysis.

Author contributions
B. B.: conceptualization, methodology, formal analysis, investiga-
tion, writing – original draft preparation, visualization. H. E.: concep-
tualization, methodology, writing – review and editing, supervision, 
project administration. E. S. B.: formal analysis, investigation, writing 
– review and editing. E. R. M.: formal analysis, resources, writing – 
review and editing. M. R.: formal analysis, resources, writing – review 
and editing. A. H.: conceptualization, methodology, writing – review 
and editing, supervision, project administration. T. T.: conceptualiza-
tion, methodology, writing – review and editing, supervision, project 
administration.

Conflicts of interest
The authors declare that there are no conflicts of interest.

Ethical statement
Approval for the study was granted by the National Bioethics Committee 
and the Medical Director of Landspitali- University Hospital.

References
 1. Verani JR, McGee L, Schrag SJ. Prevention of perinatal group B 

streptococcal disease--revised guidelines from CDC, 2010. MMWR 
Recomm Rep 2010;59:1–36.

 2. Remington JS, Klein JO, Wilson C, Nizet V, Maldonado Y. Remington 
and Klein’s Infectious Diseases of the Fetus and Newborn Infant. 8th 
edn. Elsevier, Saunders, 2016.

 3. Davies HG, Carreras- Abad C, Le Doare K, Heath PT. Group B strep-
tococcus: trials and tribulations. Pediatr Infect Dis J 2019;38:S72-6. 

 4. Jones N, Oliver KA, Barry J, Harding RM, Bisharat N, et al. Enhanced 
invasiveness of bovine- derived neonatal sequence type 17 group 



7

Baeringsdottir et al., Journal of Medical Microbiology 2021;70:001426

B streptococcus is independent of capsular serotype. Clin Infect Dis 
2006;42:915–924. 

 5. Bjarnadóttir I, Kristinsson KG, Hauksson A, Vilbergsson G, 
Pálsson G, et al. Beratíðni b- hemólýtískra streptókokka af flokki B 
meðal þungaðra kvenna á Íslandi og smitun nýbura. Læknablaðið 
2003;89:111–115.

 6. Khan MA, Faiz A, Ashshi AM. Maternal colonization of group B 
streptococcus: prevalence, associated factors and antimicrobial 
resistance. Ann Saudi Med 2015;35:423–427. 

 7. Bidgani S, Navidifar T, Najafian M, Amin M. Comparison of group 
B streptococci colonization in vaginal and rectal specimens by 
culture method and polymerase chain reaction technique. J Chin 
Med Assoc 2016;79:141–145. 

 8. Khalil MR, Uldbjerg N, Thorsen PB, Møller JK. Risk- based approach 
versus culture- based screening for identification of group B strepto-
cocci among women in labor. Int J Gynecol Obstet 2019;144:187–191. 

 9. Schrag SJ, Zywicki S, Farley MM, Reingold AL, Harrison LH, et al. 
Group B streptococcal disease in the era of intrapartum antibiotic 
prophylaxis. N Engl J Med 2000;342:15–20. 

 10. Poyart C, Reglier- Poupet H, Tazi A, Billoet A, Dmytruk N, et  al. 
Invasive group B streptococcal infections in infants, France. Emerg 
Infect Dis 2008;14:1647–1649. 

 11. Heath PT, Balfour GF, Tighe H, Verlander NQ, Lamagni TL, et al. 
Group B streptococcal disease in infants: a case control study. 
Archives of Disease in Childhood 2009;94:674–680. 

 12. Berardi A, Rossi C, Lugli L, Creti R, Bacchi Reggiani ML, et  al. 
Group B Streptococcus Late- Onset Disease: 2003-2010. Pediatrics 
2013;131:e361-8. 

 13. CDC. Prevention of perinatal group B streptococcal disease: a 
public health perspective. Centers for Disease Control and Preven-
tion. MMWR Recomm Rep 1996;45:1–24.

 14. No GG. Prevention of early- onset neonatal Group B streptococcal 
disease: green- top guideline no.36. BJOG An Int J Obstet Gynaecol 
2017;124:e280-305.

 15. Lamagni TL, Keshishian C, Efstratiou A, Guy R, Henderson KL, et al. 
Emerging trends in the epidemiology of invasive Group B strep-
tococcal disease in England and Wales, 1991-2010. Clin Infect Dis 
2013;57:682–688. 

 16. Óladóttir GL, Erlendsdóttir H, Pálsson G, Björnsdóttir ES, 
Kristinsson KG, et al. Increasing incidence of late- onset neonatal inva-
sive group B streptococcal infections in Iceland. Pediatr Infect Dis J 
2011;30:661–663. 

 17. Edmond KM, Kortsalioudaki C, Scott S, Schrag SJ, Zaidi AK, et al. 
Group B streptococcal disease in infants aged younger than 
3 months: Systematic review and meta- analysis. The Lancet 
2012;379:547–556. 

 18. Madrid L, Seale AC, Kohli- Lynch M, Edmond KM, Lawn JE, et al. 
Infant Group B streptococcal disease incidence and serotypes 
worldwide: systematic review and meta- analyses. Clin Infect Dis 
2017;65:S160-72. 

 19. Teatero S, McGeer A, Low DE, Li A, Demczuk W, et al. Characteri-
zation of invasive group B streptococcus strains from the greater 
Toronto area, Canada. J Clin Microbiol 2014;52:1441–1447. 

 20. Li S, Wen G, Cao X, Guo D, Yao Z, et al. Molecular characteristics 
of Streptococcus agalactiae in a mother- baby prospective cohort 
study: Implication for vaccine development and insights into 
vertical transmission. Vaccine 2018;36:1941–1948. 

 21. Nascimento M, Sousa A, Ramirez M, Francisco AP, Carriço JA, et al. 
PHYLOViZ 2.0: Providing scalable data integration and visualiza-
tion for multiple phylogenetic inference methods. Bioinformatics 
2017;33:128–129. 

 22. Meehan M, Cunney R, Cafferkey M. Molecular epidemiology of 
group B streptococci in Ireland reveals a diverse population with 
evidence of capsular switching. Eur J Clin Microbiol Infect Dis 
2014;33:1155–1162. 

 23. Luan S- L, Granlund M, Sellin M, Lagergård T, Spratt BG, 
et  al. Multilocus sequence typing of Swedish invasive Group 

B streptococcus isolates indicates a neonatally associ-
ated genetic lineage and capsule switching. J Clin Microbiol 
2005;43:3727–3733. 

 24. Jamrozy D, Bijlsma MW, de Goffau MC, van de Beek D, Kuijpers TW, 
et al. Increasing incidence of group B streptococcus neonatal infec-
tions in the Netherlands is associated with clonal expansion of 
CC17 and CC23. Sci Rep 2020;10:1–13. 

 25. Björnsdóttir ES, Martins ER, Erlendsdóttir H, Haraldsson G, 
Melo- Cristino J, et al. Changing epidemiology of group B strepto-
coccal infections among adults in Iceland: 1975-2014. Clin Micro-
biol Infect [Internet] 2016;22:379. 

 26. Björnsdóttir ES, Martins ER, Erlendsdóttir H, Haraldsson G, 
Melo- Cristino J, et  al. Group B streptococcal neonatal and early 
infancy infections in Iceland, 1976-2015. Pediatr Infect Dis J 
[Internet] 2019;38:620–624. 

 27. Slotved HC, Elliott J, Thompson T, Konradsen HB. Latex assay 
for serotyping of group B Streptococcus isolates. J Clin Microbiol 
2003;41:4445–4447. 

 28. Jones N, Bohnsack JF, Takahashi S, Oliver KA, Chan M-. S, et al. 
Multilocus sequence typing system for group B streptococcus. J 
Clin Microbiol 2003;41:2530–2536. 

 29. Creti R, Fabretti F, Orefici G, Von Hunolstein C. Multiplex PCR Assay 
for Direct Identification of Group B Streptococcal Alpha- Protein- 
Like Protein Genes. J Clin Microbiol 2004;42:1326–1329. 

 30. Martins ER, Andreu A, Melo- Cristino J, Ramirez M. Distribution of 
pilus islands in Streptococcus agalactiae that cause human infec-
tions: Insights into evolution and implication for vaccine develop-
ment. Clin Vaccine Immunol 2013;20:313–316. 

 31. Phares CR, Lynfield R, Farley MM, Mohle- Boetani J, Harrison LH, 
et al. Epidemiology of invasive group B streptococcal disease in the 
United States, 1999-2005. JAMA 2008;299:2056–2065. 

 32. Alhhazmi A, Hurteau D, Tyrrell GJ. Epidemiology of invasive group 
b streptococcal disease in Alberta, Canada, from 2003 to 2013. J 
Clin Microbiol 2016;54:1774–1781. 

 33. Mynarek M, Bjellmo S, Lydersen S, Afset JE, Andersen GL, et al. 
Incidence of invasive Group B Streptococcal infection and the risk 
of infant death and cerebral palsy: a Norwegian Cohort Study. 
Pediatr Res 2021;89:1541–1548. 

 34. Nanduri SA, Petit S, Smelser C, Apostol M, Alden NB, et al. Epide-
miology of invasive early- onset and late- onset Group B strep-
tococcal disease in the United States, 2006 to 2015: multistate 
laboratory and population- based surveillance. JAMA Pediatr 
2019;173:224–233. 

 35. Simister NE. Placental transport of immunoglobulin G. Vaccine 
2003;21:3365–3369. 

 36. Manning SD, Springman AC, Lehotzky E, Lewis MA, Whittam TS, 
et  al. Multilocus sequence types associated with neonatal group 
B streptococcal sepsis and meningitis in Canada. J Clin Microbiol 
2009;47:1143–1148. 

 37. Manning SD, Lewis MA, Springman AC, Lehotzky E, Whittam TS, 
et  al. Genotypic diversity and serotype distribution of group B 
streptococcus isolated from women before and after delivery. Clin 
Infect Dis 2008;46:1829–1837. 

 38. Bekker V, Bijlsma MW, van de Beek D, Kuijpers TW, Van der Ende A. 
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 
2014;14:1083–1089. 

 39. Manning SD. Emergence of a hypervirulent neonatal pathogen. 
Lancet Infect Dis 2014;14:1028–1030. 

 40. Sharma P, Lata H, Arya DK, Kashyap AK, Kumar H, et  al. Role 
of pilus proteins in adherence and invasion of Streptococcus 
agalactiae to the lung and cervical epithelial cells. J Biol Chem 
2013;288:4023–4034. 

 41. Lazzarin M, Mu R, Fabbrini M, Ghezzo C, Rinaudo CD, et al. Contri-
bution of pilus type 2b to invasive disease caused by a Strepto-
coccus agalactiae ST-17 strain. BMC Microbiol 2017;17:2–9. 



8

Baeringsdottir et al., Journal of Medical Microbiology 2021;70:001426

 42. Schuchat A, Deaver- Robinson K, Plikaytis BD, Zangwill KM, 
Mohle- Boetani J, et  al. Multistate case- control study of maternal 
risk factors for neonatal group B streptococcal disease. The Active 
Surveillance Study Group. [Internet]. Vol. 13. Pediatr Infect Dis J 
1994;13:623–629. 

 43. Collin SM, Lamb P, Jauneikaite E, Le Doare K, Creti R, et al. Hospital 
clusters of invasive Group B Streptococcal disease: A systematic 
review. J Infect 2019;79:521–527. 

 44. Åberg E, Ottosson A, Granlund M, Saeedi B, Stamm C, et  al. 
Harbouring group B streptococci in a neonatal intensive care 
unit led to an outbreak among preterm infants. Acta Paediatr 
2019;108:58–61. 

 45. Lin FY, Brenner RA, Johnson YR, Azimi PH, Philips JB 3rd, et al. The 
effectiveness of risk- based intrapartum chemoprophylaxis for the 
prevention of early- onset neonatal group B streptococcal disease. 
Am J Obstet Gynecol 2001;184:1204–1210. 

 46. Hasperhoven GF, Al‐Nasiry S, Bekker V, Villamor E, Kramer BW. 
Universal screening versus risk‐based protocols for antibiotic 
prophylaxis during childbirth to prevent early‐onset Group B strep-
tococcal disease: a systematic review and meta‐analysis. BJOG 
2020;127:0–3. 

 47. Lin SM, Zhi Y, Ahn KB, Lim S, Seo HS. Status of group B strepto-
coccal vaccine development. Clin Exp Vaccine Res 2018;7:76–81. 

 48. Heath PT. Status of vaccine research and development of vaccines 
for GBS. Vaccine 2016;34:2876–2879. 

Five reasons to publish your next article with a Microbiology Society journal
1.  The Microbiology Society is a not-for-profit organization.
2.  We offer fast and rigorous peer review – average time to first decision is 4–6 weeks.
3.   Our journals have a global readership with subscriptions held in research institutions around  

the world.
4.  80% of our authors rate our submission process as ‘excellent’ or ‘very good’.
5.  Your article will be published on an interactive journal platform with advanced metrics.

Find out more and submit your article at microbiologyresearch.org.


	Group B streptococcal infections in infants in Iceland: clinical and microbiological factors
	Abstract
	Introduction
	Methods
	Results
	Epidemiology
	Serotypes and molecular types
	Clinical presentation
	Antibiotics

	Discussion
	References


