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Abstract
Background: We describe the serotype distribution of Streptococcus agalactiae (GBS) carriage isolates from women
in labor and among GBS isolates causing invasive infections during the same period to see if the distribution of car‑
riage serotypes reflects the GBS serotypes causing invasive diseases including early-onset disease (EOGBS).
Methods: Data on invasive isolates from 2019 including serotype, erythromycin and clindamycin susceptibility was
retrieved from the Danish national reference laboratory, Statens Serum Institut. Carriage isolates were collected from
women with risk factors for EOGBS enrolled at delivery at the maternity ward at a Danish University Hospital, first half
of 2019.
Results: Among carriage isolates, the dominant serotype was IX (21 %) followed by serotype III (19 %). The resistance
to erythromycin and clindamycin was 21 and 26 %, respectively. Among invasive GBS isolates, no case of EOGBS with
serotype IX was detected but the distribution of serotypes were otherwise similar to the GBS carrier strains. The cor‑
responding resistance to erythromycin and clindamycin was 23 and 15 %, respectively. Penicillin resistance was not
detected among carriage nor invasive isolates.
Conclusions: The distribution of serotypes among carriage and invasive GBS reflects the assumption that EOGBS
occur following transmission of GBS from mother to newborn, with the exception of serotype IX.
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Background
Streptococcus agalactiae (group B streptococci, GBS)
is considered a significant pathogen causing infections
in the newborn, the elderly, and adults with underlying
medical conditions [1]. In the newborn, invasive infection
is generally presented as an early-onset disease (EOGBS)
during the first week of life. The mother is considered a
source of transmission of the GBS infection [2]. Studies
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have shown that carriage rates with GBS in pregnant
women can vary from 10 to 35 % cultured at gestational
week 35–37, although this can only be considered as a
qualified guess for the rate at birth since GBS colonization may be transient and vary during pregnancy. [3–6].
Invasive GBS disease occurring from seven days of life
and up to three months of age is defined as a late-onset
disease (LOGBS) and is generally due to transmission
from the infant’s surroundings [2]. The overall incidence
of Danish invasive GBS infections in 2019 was 3.53 per
100,000, which was an increase in incidence from 2018
(3.48 per 100,000) and a continuation of the general
increase of GBS infections observed in recent years in
Denmark [1]. Similarly, the incidence of EOGBS among
Danish newborns increased from 2018 (0.15 per 1.000) to
2019 (0.29 per 1.000) [1].
Besides being a human pathogen, GBS is also a commensal of the gastrointestinal tract and vagina. GBS
strains isolated from humans are currently divided into
ten serotypes based on serotype-specific antigens and
are designated as Ia, Ib, II, III, IV, V, VI, VII, VIII, and IX
[1]. The serotypes found in carriers are similar to strains
causing invasive diseases. In Europe, however, the serotypes Ia, Ib, II, III, and V are the most prevalent carriage
isolates [7, 8] while the most prevalent serotype causing
invasive disease in Denmark is serotype III followed by
serotypes Ia, V, II, and Ib [1].
Two well-known strategies for preventing EOGBS
exist. The first strategy is the risk-based approach, where
intrapartum antibiotic prophylaxis (IAP) is given to those
women with one or more of risk factors for EOGBS [9–
11]. The second strategy is based on universal culture
screening for GBS carriage at gestational week 35-37
and IAP is administered to all GBS-positive women during labor. This strategy led to a reduction in the EOGBS
incidence [9, 11, 12]. However, as a consequence of the
universal culture screening at gestational week 35-37,
more than 30 % of infants delivered in the United States
are currently exposed to intrapartum antibiotics in order
to prevent vertical transmission of GBS to the newborn
[13].
In Denmark, the risk based strategy is still recommended, although some hospitals now use intrapartum
GBS screening using Polymerase Chain Reaction (PCR)
when evaluating the risk assessment in order to limit
the use of intrapartum antibiotic prophylaxis [14]. The
Danish recommendations for screening of GBS is as
described [15]:
Intrapartum PCR test for GBS is recommended to
the following women: (A) Women given birth with rupture of membranes > 18 timer (The answer of the PCR
test will be present before 18 h has passed). (B) Women
given birth with a gestational age of 35 + 0 weeks to
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36 + 6 weeks. (C) Women who have been treated for GBS
urinary tract infection during the current pregnancy.
The following women are also PCR tested for guidance:
(A) Women with a temperature >38.0 ˚C during labor.
(B) Women in preterm birth before week 35 + 0. (C)
Women, who, in a prior pregnancy, gave birth to a child
with invasive GBS infection or where GBS infection was
suspected.
This study aimed to determine the prevalence and
serotype distribution of GBS carriage strains in laboring women with the risk of delivering a newborn with
EOGBS and compare these strains to invasive GBS strains
causing bloodstream infection in all age groups including
EOGBS. We specifically wanted to explore if the serotype
distribution among carriage strains reflects the GBS serotypes causing EOGBS. We also compared the antibiotic
susceptibility of the carriage isolates with that of the GBS
strains isolated from patients with EOGBS.

Methods
Study population and sample collection, women in labor

The carriage study was performed at Kolding Hospital,
University hospital of Southern Denmark. The hospital
represent a population of 300,544, serving as the referral
center for woman in labor. Isolates and data on GBS carriers are part of a previous study where details regarding
the selection of women can be found [9]. The included
women were tested and enrolled prospectively at Kolding
Hospital, University hospital of Southern Denmark from
December 2018 to July 2019, if they fulfilled at least one
of the following criteria for the presence of risk factors
for EOGBS: (1) bacteriuria during the current pregnancy,
(2) prior infant with EOGBS, (3) temperature above
38.0 °C during labor, (4) preterm labor < 37 gestational
weeks, and (5) rupture of membranes ≥ 18 h. Exclusion
criteria were women younger than 18 years or women
with a communication barrier.
The procedure for rectovaginal sampling was a collection of combined vaginal/rectal swab samples, as
described in detail by Nielsen et al. [9].
Study population, invasive GBS disease

Data on invasive GBS isolates for 2019 were obtained
from the Danish laboratory surveillance system at the
National Neisseria and Streptococcus Reference Laboratory (NSR), Statens Serum Institut (SSI) as described by
Slotved & Hoffmann [1]. Information on age, sex, serotype, origin of the GBS isolates, and date of sampling of
the specimens is included in the database. An invasive
case was defined as GBS cultured from normally sterile
sites such as cerebrospinal fluid or blood. Only one isolate per patient was included in this study, except if different serotypes were isolated from the same patient
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within 30 days, or if the isolates were detected > 30 days
apart [16]. The coverage and evaluation of the database in
Denmark are described by Slotved & Hoffmann [1].
For calculation of all incidence data in this manuscript,
we obtained population data on both live (per 1000)
births and populations (per 100,000) for specific age
groups and total population from the Statistics Denmark
homepage (https://www.dst.dk/en/Statistik, accessed
19-09-2021).
Species identification

For details of the laboratory procedure for characterization of GBS isolates from the swab samples, see study by
Nielsen et al. [9]. Briefly, samples were examined by
PCR test using GenomEra and GeneXpert PCR as well
as standard culture of GBS performed on Granada agar
plates (BioMérieux) with and without broth pre-enrichment. B-hemolytic orange pigmented colonies from subcultures on Granada agar plates from direct plating as
well as from the enrichment broth were identified as S.
agalactiae by MALDI-TOF (Bruker Daltonik, Germany).
Identification of GBS isolates from submitted invasive samples was performed as described by Lambertsen et al. [17]. The submitted strains were examined for
their characteristic beta-hemolytic colonies on 5 % horse
blood agar plates (SSI Diagnostica, Denmark) followed
by serogrouping with group B latex (Oxoid A/S, Greve,
Denmark) as recommended by the manufacturer. Isolates
were stored at -80 °C in nutrient beef broth containing
10 % glycerol (SSI Diagnostica, Denmark).
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G (1 µg discs). D test was performed to detect inducible
clindamycin resistance. For non-susceptible isolates, the
minimum inhibitory concentration (MIC) of penicillin,
erythromycin, and clindamycin was determined using
Etest® (bioMérieux, Denmark).

Results
Characteristics of the GBS carriage study group from 2019

A total of 347 women with a median age of 29 years were
included in the study. One hundred and one women
(median age 30 years) were positive for GBS, while 246
women (median age 29 years) were found negative for
GBS. The carriage rate of GBS among pregnant women
with risk factors for EOGBS at delivery was 29 %.
No children of the participating women in labor were
diagnosed with EOGBS nor LOGBS.
All known serotypes were detected except for serotype VII (Table 1; Fig. 1). The predominant serotype was
serotype IX (21.0 %), followed by serotype III (18.8 %),
and serotype II (14.9 %). No non-typeable isolates were
detected.
For additional characteristics of the women included in
the carriage study, see Additional file 1: Tables S1 and S2.
Invasive cases of GBS from Denmark in 2019

For identification and serotype procedures see Slotved
and Hoffmann [1, 18]. All isolates were serotyped using
the GBS latex agglutination test (SSI Diagnostica, Denmark). If the result was inconclusive, the capillary precipitation method (Lancefield method) was applied and this
result was considered final. If this procedure did not lead
to a phenotypical type designation the isolate was categorized as being non-typable (NT).

The overall incidence of observed invasive GBS cases (per
100,000) was 3.48 while the incidence for EOGBS cases
was 0.28 (per 1,000 newborns) (Table 2). The incidence
among women in their childbearing age (18 – 44 years)
was 1.67 (per 100.000) compared to the incidence for
invasive cases in both genders (18 – 44 years) (1.06 per
100.000).
All known serotypes, except for serotype VII, were
detected as cause of invasive GBS infection in Denmark
in 2019 (Table 1; Fig. 1). The predominant serotype was
serotype V (23.5 %), followed by serotype III (21.8 %), Ia
(16.8 %), and serotype II (11.4 %). Non-typeable isolates
constituted 9.4 %. Similar findings were seen for the 17
EOGBS isolates (Table 1) except for the predominance of
serotype V.

Antibiotic susceptibility testing

Antimicrobial susceptibility

GBS isolates from culture-positive carriage samples were
tested for antimicrobial susceptibility using disc diffusion.
The isolates were screened for sensitivity to erythromycin (15 µg discs), clindamycin (2 µg discs) and penicillin
G (1 µg discs). D test was performed to detect inducible clindamycin resistance. Antibiotic susceptibility was
determined in accordance with the recommendations by
EUCAST (www.eucast.org/clinical_breakpoints).
The invasive isolates were screened using disc diffusion
for sensitivity to erythromycin (15 µg discs), clindamycin
(2 µg discs) and from 2012 also for sensitivity to penicillin

Among Danish invasive isolates in 2019, 23 % were found
resistant to erythromycin, and 15 % to clindamycin.
Among women in their childbearing age (18–45 years of
age), the number of invasive GBS isolates with resistance
to erythromycin and clindamycin were 12 % (2 isolates)
and 6 % (1 isolate), respectively (Table 3).
In the carriage study (women age group 18–45 years of
age) the non-susceptibility of isolates for erythromycin,
was 21 % and for clindamycin it was 26 %.
Penicillin resistance was neither detected among carriage nor invasive isolates.

Serotyping
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Table 2 Incidence and cases of GBS invasive disease in selected
age groups in Denmark in 2019 (N = 202)
EOGBS in Denmark, 2019
Newborn population Invasive GBS cases

Incidence per 1000

Total

61,167 17

0.28 (95% CI:
0.15–0.41)

Female

29,648 6

0.20 (95% CI:
0.04–0.36)

Male

31,519 11

0.35 (95% CI:
0.14–0.55)

LOGBS in Denmark, 2019
Newborn population Invasive GBS cases

Incidence per 1000

Total

61,167 9

0.15 (95% CI:
0.05–0.24)

Female

29,648 3

Male

31,519 6

0.10 (95% CI:
− 0.01–0.22)

0.19 (95% CI:
0.04–0.34)

Age group 18–19 years
Overall population

Invasive GBS cases

Incidence per
100,000

Total

141,501 0

0

Male

72,392 0

0

Female

69,109 0

0

Age group 20–30 years
Overall population

Fig. 1 Distribution of serotypes among GBS carrier isolates from
woman at risk for EOGBS at birth and invasive GBS isolates from
Denmark detected in 2019

Invasive GBS cases

Incidence per
100,000

Total

857,817 6

0.70 (95% CI:
0.14–1.26)

Male

437,846 2

0.46 (95% CI:
–0.18–1.09)

Female

419,971 4

0.95 (95% CI:
0.02–1.89)

Age group 31–44

Discussion
The main findings of the study was the dominance of
serotype IX (21 %) followed by serotype III (19 %) among
randomly selected carriage isolates from women in labor
at a Danish maternity ward, whereas no Danish cases of
EOGBS with serotype IX was detected in the same time
period. Apart from this, the distribution of invasive GBS
serotypes in Denmark aligned with the GBS carriage
strains from women in labor.
Carriage studies [6, 9] based on rectovaginal swabs
from women with risk factors for EOGBS during delivery, showed a carriage rate of 29 %. This is similar to other
Danish as well as international studies [19, 20, 7].
In Europe, it is generally observed that the most prevalent carrier serotypes are Ia, Ib, II, III, and V [7]. In our
present study, we found that serotype IX was the dominant serotype followed by serotype III, II, V, Ib, and Ia
as observed in other European countries (Table 1). The
observed serotypes of carriage strains were also found
among GBS causing EOGBS in 2019 (Table 1) and constituted 66 % of the serotypes seen among invasive isolates

Overall population

Invasive GBS cases

Incidence per
100,000

Total

1,057,289 16

1.51 (95% CI:
0.77–2.25)

Male

533,639 3

0.56 (95% CI:
–0.07–1.20)

Female

523,650 13

2.48 (95% CI:
1.13–3.83)

Total incidence, 2019, all age groups
Overall population

Invasive GBS cases

Incidence per
100,000

Total

5,806,081 202

3.48 (95% CI:
3.00–3.96)

Female

2,917,008 94

3.22 (95% CI:
2.57–3.87)

Male

2,889,073 108

3.74 (95% CI:
3.03–4.44)

EOGBS early-onset disease. LOGBS late-onset disease. CI Confidence interval

(62 isolates). Interestingly, the serotype IX commonly
seen among GBS carriage strains has only caused one
case of EOGBS since 2005 (in 2007) [1]. The finding of

Slotved et al. BMC Infect Dis

(2021) 21:1129

Page 6 of 8

Table 3 Antimicrobial susceptibility of GBS carrier and invasive isolates. All GBS isolates examined were found penicillin susceptible.
Isolates with inducible clindamycin resistance (D-test) are included
Antimicrobial susceptibility pattern carriage isolates (women in labor) (N = 961)
Antibiotics

Resistant

Erythromycin

20 (20.8 %) (95 % CI: 12.7–29.0 %)

Clindamycin

25 (26.0 %) (95 % CI: 17.3–34.8 %)

Antimicrobial susceptibility pattern of all 203 invasive isolates in 2019 (males and females)
Antibiotics

Resistant

Erythromycin

45 (22.2 %) (95 % CI: 16.5–27.9 %)

Clindamycin

30 (14.8 %) (95 % CI: 9.9–19.7 %)

Antimicrobial susceptibility pattern of all EOGBS isolates in 2019 (N = 17) (newborn)
Antibiotics

Erythromycin

Resistant
3 (17.6 %) (95 % CI: − 0.05–35.8 %)

Clindamycin
Antimicrobial susceptibility pattern of all LOGBS isolates in 2019 (N = 9) (infants)
Antibiotics

1 (5.9 %) (95 % CI: − 5.3–17.1 %)
Resistant

Erythromycin

6 (66.7 %) (95 % CI: 35.9–97.5 %)

Clindamycin

5 (55.6 %) (95 % CI: 23.1–88.0 %)

Antimicrobial susceptibility pattern of isolates from the age group 18–44 in 2019 (N = 22) (males and females)
Antibiotics

Resistant

Erythromycin

4 (18.2 %) (95 % CI: 2.0–34.3 %)

Clindamycin

3 (13.6 %) (95 % CI: − 0.7–28.0 %)

Antimicrobial susceptibility pattern of isolates from women in their fertile age (18–44 years) in 2019 (N = 17)
Antibiotics

Erythromycin
Clindamycin
1

Resistant
2 (11.8 %) (95 % CI: − 3.6–27.1 %)

1 (5.9 %) (95 % CI: − 5.3–17.1 %)

Five isolates were not available.

serotype IX as a dominant serotype has not previously
been described in Europe, but a high carriage rate of
serotype IX has been observed in Ghana [21] and Argentina [22].
The choice of prophylactic antibiotic treatment of
women during labor is penicillin. But in women reporting penicillin allergy, specifically in case of a type-I
allergy, erythromycin and especially clindamycin is an
alternative. Due to the importance of erythromycin and
clindamycin in the treatment of GBS infections, the susceptibility pattern of GBS isolates for these two drugs is
closely monitored in many countries [1]. However, there
is no routinely performed susceptibility testing of GBS
isolates from pregnant nor laboring women in Denmark.
The susceptibility data for carriage isolates presented in
this study shows resistance to erythromycin in 21 % and
resistance to clindamycin in 26 % of the GBS examined
(Table 3), and are comparable to observation from other
countries. Although the number of GBS isolates are limited (Table 3), the susceptibility data from GBS carriage
isolates and the invasive isolates in this study are relatively similar (Table 3). A similar observation was found
in France, with 36.5 % erythromycin resistance and 24.6 %

clindamycin resistance in carriage isolates from mainly
pregnant women, while 38.9 % erythromycin resistance
and 27.5 % clindamycin resistance was observed in invasive GBS isolates from the same age group (Hays et al.,
2016). A carriage study from Eastern Sicily (Italy) showed
40 % erythromycin resistance and 31 % clindamycin
resistance [8].
In the light of this, the antimicrobial susceptibility of
GBS isolates observed in invasive GBS isolates is also
presented in the commensal GBS isolates of the gastrointestinal tract and vagina. It is important to monitor the
possible derived effect of developing resistance worldwide, as antibiotic resistance is spread via the commensal
flora [23].
A strength of our study is the examination and comparison of susceptibility data from both carriage and invasive GBS isolates in the same time period, while studies
in general either focus on carriage or invasive GBS isolates. It is, to our knowledge, the first study in Denmark
comparing the GBS serotype distribution from carriage
in pregnant women to the distribution of GBS serotypes
causing invasive diseases from the same time period.
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A weakness of our study is the incomplete submission
of invasive GBS isolates to the national reference laboratory (SSI) in Denmark. Submission is voluntary and previous studies have estimated a submission rate of about
58 % of all Danish invasive GBS isolates and the submissions are considered to be a random selection [1, 24].
Furthermore, the low number of EOGBS isolates in the
material (17/202) may limit the general conclusions of
the study.

Conclusions
In conclusion, we found that serotype IX dominated as
carriage isolate, followed by serotype III. In women in
labor having risk factors for EOGBS, however, serotype
IX was not found in any Danish cases of EOGBS detected
in the same time period. In spite of the prevalence of
serotype IX, we found that the serotype distribution of
GBS carriage strains reflect the serotypes found to cause
EOGBS and other types of invasive GBS infections. This
aligns with the description of EOGBS as the transmission of GBS from mother to newborn during labor. The
observed prevalence of erythromycin and clindamycin
resistance rate appear relatively similar between carriage
isolates and invasive isolates and should be further monitored in a Danish setting for administering alternative
prophylactic antibiotics to women in labor with penicillin
allergy.
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