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Abstract
At the end of last year, the Health Council of the Republic of Slovenia adopted a programme for the prevention of early inva-
sive neonatal infections caused by group B streptococci, which includes universal screening of pregnant women between the 
35th and 37th week of pregnancy. In this article, we provide an overview of the different diagnostic modalities for screening 
for collonization and the factors that significantly influence the success of screening, both in gynaecological practise and in 
the microbiology laboratory. We instruct the reader on the proper collection and transport of specimens. We also present the 
chosen testing strategy, using a combination of enriched culture and molecular testing, and provide the reader with a list of 
registered molecular tests suitable for screening. In the last part of the article, we discuss the importance of the hypervirulent 
clone CC -17, which causes most invasive neonatal infections in Slovenia, and the methods by which it can be detected.

Izvleček
Ob koncu lanskega leta je Zdravstveni svet Republike Slovenije potrdil program preprečevanja zgodnjih invazivnih okužb 
novorojenčkov, povzročenih s streptokokom skupine B, ki vključuje univerzalno presejanje nosečnic v 35.–37. tednu noseč-
nosti. V prispevku smo pregledali različne diagnostične metode presejanja in dejavnike, ki pomembno vplivajo na njihovo 
uspešnost tako v ginekološki ambulanti kakor tudi v mikrobiološkem laboratoriju. Bralca opozarjamo na pravilnost odvze-
ma kužnine, mu predstavimo izbrano strategijo testiranja s kombinacijo obogatene kulture in molekularnega testiranja ter 
mu ponujamo seznam registriranih molekularnih testov, primernih za testiranje. V zadnjem delu prispevka razpravljamo 
o pomenu hipervirulentnega klona CC-17, ki povzroča večino invazivnih okužb novorojenčkov v Sloveniji, in o metodah, s 
katerimi ga prepoznamo.
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1 Introduction

The proportion of invasive infections (sepsis, men-
ingitis and pneumonia) in the morbidity and mortality 
of newborns and children up to the third month of age 
is significant (1). In Slovenia, about a fifth of neonatal 
deaths are caused by invasive infections (2). As in the 
developed world, the most common causative agent in 
Slovenia is the group B streptococcus (GBS), causing up 
to 50% of invasive infections (2,3). These are classified as 
early-onset (0–7 days of age) and late-onset (8–90 days of 
age). Early neonatal GBS infections result from vertical 
transmission of the bacteria from the mother at the time 
of delivery. Their incidence in Slovenia is >30% higher 
than the global and European estimates, and amounts 
to 0.53/1,000 births (3,4). With advances in treatment, 
mortality has decreased below 10%, but a large propor-
tion of children can have permanent sequelae in mental 
and motor development (20–30%), representing a sig-
nificant disease and economic burden on society (4-6).

The proportion of Slovenian pregnant women who 
are carriers of GBS in the intestine or vagina was deter-
mined in two studies, and was found to be 17% and 23% 
respectively (7,8). The transmission of bacteria from 
mother to child during vaginal delivery occurs in ap-
proximately half of pregnant women, and invasive neo-
natal infection occurs in 1–2% (9). In the 1980s, it was 
found that early invasive infections can be effectively 
(>90%) prevented by intrapartum antibiotic prophylax-
is, in which the mother receives an antibiotic intrave-
nously during childbirth (9).

Pregnant women can be selected for antibiotic pro-
phylaxis in three ways: a) by the presence of perina-
tal risk factors (premature birth, prolonged rupture of 
membranes, fever, presence of GBS in the urine during 
pregnancy or neonatal GBS infection during a previous 
pregnancy), b) in the case of previously established GBS 
colonization in the third trimester of pregnancy, typi-
cally between the 35th and 37th week, or c) in the case 
of established perinatal GBS colonization of the mother 
(10). Numerous studies have established that screening 
between the 35th and 37th weeks of pregnancy is more 
effective than simply identifying risk factors (11,12). In a 
recent national study, perinatal risk factors were absent 
in 52% of affected children, which confirms the insuf-
ficiency of prevention based solely on this type of risk 
assessment (4).

The Health Council of the Republic of Slovenia 
recently adopted a proposal to introduce universal 

screening for GBS in the 35th to 37th week of pregnancy. 
In this paper, we present the natural history of GBS colo-
nization and both new and already established methods 
for determining GBS colonization in pregnant women.

2 The natural history of GBS colonization

Infection and colonization of the mother are neces-
sary prerequisites for the transmission of bacteria to the 
child in early-onset infections. It is assumed that the 
mother is colonized via the faecal-oral route from anoth-
er person (close contact, including sexual contact), from 
the environment (due to poor hygiene) or through food 
(dairy products), and then from the intestine, GBS colo-
nization spreads to different parts of the body, particu-
larly to the urinary and reproductive tracts. Concurrent 
colonization of several body regions is frequently present 
(13-15). The dynamics of colonization are probably more 
complex than is commonly believed. In a Danish study, 
pregnant women were monitored during and after preg-
nancy. They found that just over half of the women (53%) 
were not colonized at the time of the study. The rest were 
either permanent (28%) or intermittent carriers (19%). 
The population of bacteria was genetically homogeneous 
in each woman and the bacterial strain’s genotype did not 
change over time. They concluded that the GBS propor-
tion of the intestinal microbiota at the time of sampling is 
important for their successful detection (16).

Colonization status in the late third trimester of preg-
nancy is a predictive factor of actual colonization at the 
time of delivery. As the time from testing to delivery 
increases, the predictive value of such testing decreas-
es. The negative predictive value of a sample taken <5 
weeks before delivery is a satisfactory at 95–98%, but 
before this period it drops rather steeply to 80% (17,18). 
The poorer negative predictive value is the reason that 
in environments that perform screening, most early-on-
set invasive neonatal infections are observed in pregnant 
women with a negative antenatal screening test result. 
Such cases may be the result of a false-negative test or 
new colonization of the pregnant woman during the pe-
riod from testing to delivery (11).

In the latest guidelines, the American College of Ob-
stetricians and Gynaecologists (ACOG) has changed its 
recommendation for taking vaginal-rectal cultures in 
the period >5 weeks before delivery to determine GBS 
carrier status due to the poorer negative predictive value 
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of testing. Now, instead of performing screening after 35 
0/7 weeks of pregnancy, they recommend performing 
screening between 36 0/7 and 37 6/7 weeks of pregnancy 
(19). In this way, the window until delivery at term was 
shortened to five weeks (36 0/7 to 41 0/7). If the delivery 
takes place >5 weeks after screening, repeat GBS screen-
ing is reasonable.

The opinion of the article’s authors is that such a 
solution eliminates some shortcomings in determining 
antenatal colonization. However, we would like to point 
out that after the 37th week of pregnancy, the risk that 
delivery will start before we receive the screening results 
begins to increase. Given that our system of antenatal 
care does not provide for weekly examinations until the 
37th week, we suggest that our recommendation remains 
unchanged for now and for screening to be performed 
between the 35th and 37th weeks of pregnancy; it should 
be noted that screening between the 36th and 37th weeks 
is more appropriate, when possible. In the future, based 
on data from individual periods, we will change the rec-
ommendation accordingly.

3 Antenatal colonization detection

In the following text, we present the basic microbi-
ological method for determining antenatal coloniza-
tion between the 35th and 37th week of pregnancy, i.e. 
enrichment culture, and list some of the more import-
ant improvements that increase the detection method’s 
sensitivity.

3.1 Enrichment culture

Use of an enrichment culture is the standard for de-
termining GBS colonization; one or two vaginal-rectal 
specimens are first incubated in a selective liquid broth 
(enrichment). After 16–24 hours, the incubated broth 
is subcultured to an appropriate agar plate. For enrich-
ment, the Todd-Hewitt broth supplemented with gen-
tamicin (8 µg/ml) and nalidixic acid (15 µg/ml) or the 
Lim broth with colistin (10 µg/ml) and nalidixic acid 
(15 µg/ml) are used. The antibiotics inhibit the growth 
of Gram-negative bacteria. After overnight incubation, 
the enrichment broth is subcultured to one of the agar 
plates used to detect GBS colonies, such as blood agar, 
blood agar supplemented with colistin and nalidixic acid 
(CNA agar) or one of the specialized commercial chro-
mogenic agars. The subcultured agar plates should be 
incubated to an additional 48 hours (12,20).

The identification of typical GBS colonies, char-
acterized by beta haemolysis, on solid culture media 

has recently been mostly performed by MALDI-TOF 
(Matrix Assisted Laser Desorption/Ionisation Time of 
Flight) mass spectrometry. It can also be performed us-
ing one of the older identification methods, either with 
latex agglutination or biochemical tests. Bacterial culti-
vation is currently the only way to test the antimicrobial 
susceptibility of GBS to antibiotics, which is particularly 
important in cases of beta-lactam allergy and for resis-
tance control (12,20).

Nonhaemolytic and nonpigmented (NH/NP) strains, 
which appear in 2–5% of positive samples and can just 
as easily cause invasive infections, are a problem in GBS 
screening using bacterial cultures (21). The absence of 
colony haemolysis and pigmentation mainly affects 
phenotypic identification, which requires more staff ex-
perience and a greater number of additional tests used 
for identification, and can be the cause of false-nega-
tive results when using enrichment broth. Similarly, the 
competitive growth of Enterococcus faecalis, which is a 
frequent intestinal colonizer and grows together with 
streptococcus in enrichment broth, can inhibit GBS 
growth on selective media (22).

The following two factors play an important role in 
the successful GBS detection in an enriched culture: a) 
using selective enrichment broth in b) collecting com-
bined vaginal-rectal specimens (Figure 1). Using enrich-
ment broth has a significantly higher sensitivity than us-
ing only direct agar plating. It is estimated that without 
enrichment broth, up to 50% of tests are falsely negative 
(12,23). Furthermore, collecting combined vaginal-rec-
tal specimens is also very important. This is primarily a 
reflection of the natural colonization process, in which 
the intestine is colonized first, followed by bacterial 
growth and vaginal colonization. In most studies, GBS 
was more frequently found in the rectum than the va-
gina, up to a ratio of 2:1 (24,25). Combined specimen 
sampling from both anatomical sites improves detection 
rates by approximately 30% (23).

We must emphasize that the gynaecologist is respon-
sible for specimen collection and that suboptimal speci-
men collection, as is often the case in microbiology, has 
a significant impact on the validity of the results. There-
fore, the data from the Slovenian 2016 study, in which 
only a minority (17%) of specimens were collected cor-
rectly, is worrying (8).

When using enrichment culture, live bacterial 
cells must be transported to the laboratory. Therefore, 
high-quality transport systems consisting of swabs and 
a transport medium are important. We have tradition-
ally used cotton-tipped swabs and a semi-solid trans-
port medium. Today, flocked swabs with an improved 
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Figure 1: Specimen collection instructions for determining GBS colonization of pregnant women. Adapted from the Centres 
for Disease Control and Prevention (CDC) instructions (12). First, a vaginal specimen at the depth of two centimetres is 
collected (1), followed by rectal specimen collection (with the same swab) (2).

Emphasis: sample collection and transport.
For vaginal-rectal specimen collection, a swab with a transport medium (e.g. Stuart, Amies) is required, which is first inserted 
into the lower third of the vagina (2 cm deep) and then into distal rectum (1 cm deep). The swab is rotated in both anatomical 
places for about five seconds to allow adequate specimen collection. The specimen is then placed in a transport medium and 
sent to the microbiological laboratory within 48 hours, preferably as soon as possible. Specimen transport takes place at room 
temperature. When the specimen cannot be sent to the laboratory on the same day, it should be kept in the refrigerator (+ 4 ºC) 
for up to four days (Figure 1) (12).

1. Vaginal swab
(depth of two 
centimetres)

2. Rectal swab
(depth of one 
centimetre)

(1) (2)

composition and topography of the synthetic fibre tip 
are available, preventing bacterial containment in the 
tip and improving their release into the transport me-
dia (26). Bacteria remain viable in transport media for 
at least 48 hours at room temperature. When specimens 
cannot be sent to the laboratory immediately, they can 
be stored in a refrigerator (4 °C) for up to four days (12). 
Some manufacturers combine swabs with enrichment 
broth (THBS, Lim, Carrot), which means that incuba-
tion in the laboratory can start without additional spec-
imen manipulation.

3.2 Improving enrichment culture

3.2.1 Chromogenic media

In this paper, chromogenic media are defined as all 
media in which positivity is equated with a change in 

the colour of either the media or bacterial colony. This 
category includes both liquid chromogenic media used 
in the enrichment phase (Carrot broth) and solid chro-
mogenic media used for direct plating or plating after 
enrichment. Based on the mechanism of the colour reac-
tion development, we distinguish between chromogenic 
agars and Granada-type media.

In recent years, there has been rapid expansion in the 
availability and use of chromogenic media for the detec-
tion of various pathogenic bacteria, including GBS (22). 
Chromogenic agars contain enzyme substrates specific 
for individual bacteria linked to chromogenic molecules 
(indoxyl compounds), which are released into the en-
vironment after an enzymatic reaction, leading to pre-
cipitation within and typical staining of bacterial colo-
nies (27). Unlike blood agar and Granada media, only 
chromogenic agars can detect NH/NP GBS strains. They 
are characteristically cultured under aerobic conditions, 
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which are optimal for substrate degradation and colour 
reaction development. Since chromogenic compounds 
degrade in light, they must be stored in the dark (22).

Chromogenic agars can be used both for direct plat-
ing and plating after enrichment. The ability of chromo-
genic agars to stain NH/NP strains is the basic reason 
for their improved sensitivity. Compared to other cul-
ture media, approximately 5% more positive cultures are 
detected, reflecting the proportion of NH/NP strains in 
the population (28). However, colour change detection 
is not always straightforward. GBS colonies can stain 
poorly, particularly when commensal flora is abundant 
and significantly exceeds the GBS proportion. On the 
other side of the spectrum, colonies of bacteria related 
to GBS can also be stained, including other streptococci 
or even some enterococci and staphylococci. An experi-
enced examiner will recognize such non-specific colo-
nies macroscopically, but the authors advise caution and 
recommend controlling the identification of all stained 
and suspicious colonies with the MALDI-TOF mass 
spectrometry method, if possible (22).

Many chromogenic media from different manufac-
turers are available on the market, including: bioMérieux 
(ChomID Strepto B), Bio-Rad (StreptoB Select), Oxoid 
(Brilliance GBS) and others. If swabs are inoculated di-
rectly onto them and incubated for one day, a sensitivity 
of about 85% (77–96%) is achieved. If the swabs are first 
inoculated into liquid enrichment broth and then into 
chromogenic media, which are incubated for an addi-
tional two days, the sensitivity approaches 100% (93–
100%) (29-34). Of course, it should be emphasized that 
the sensitivity of 100% in this case reflects the fact that 
this method was used as the gold standard.

The second type of chromogenic media (Grana-
da-type) are media that stimulate natural pigment for-
mation in the vast majority of GBS strains. This property 
is linked to the formation of haemolysins, so NH/NP 
strains are not detected using these culture media. Pig-
ment formation is enhanced under anaerobic conditions 
(20). Compared to chromogenic agars, the sensitivity of 
Granada-type media is expectedly worse and is around 
95% after enrichment (34). Pigment formation is also 
used in some liquid enrichment media (Carrot broth, 
liquid biphasic Granada medium), but their sensitivity 
is worse than established liquid media. Their populari-
ty is mainly attributed to the high specificity of the or-
ange pigment and the fact that stained liquid cultures 
do not need additional confirmation of GBS detection. 
The declared sensitivity of one of the registered liquid 
culture media (Strep B Carrot Broth) is 88%. In the ab-
sence of visual colour production, the broth should be 

subcultured to solid medium which is observed for 48 
hours for GBS growth (35).

3.2.2 Molecular assays

The use of molecular methods has greatly changed 
diagnostic microbiology. In the field of determining GBS 
colonization of pregnant women, many molecular tests 
have been developed, among which, at the time of writ-
ing this article, 12 were registered with the US Food and 
Drug Administration (FDA) (reviewed on 21.11. 2020). 
Among them, 11 tests are intended for GBS confirma-
tion after prior enrichment, and only one is for testing 
directly from the specimens taken during delivery (Ta-
ble 1).

GBS detection by molecular assays after overnight 
enrichment in liquid culture media greatly improves 
sensitivity and shortens testing time. With such testing 
methods, 20–40% more colonized pregnant women are 
detected on average compared to the standard method 
described in the guidelines of the American Centres for 
Disease Control and Prevention (CDC) (12,28,36-41). 
Such testing is also faster and can be completed within 
24 hours, i.e. 1–2 days faster than the standard method. 
Because of the above, some believe that the combina-
tion of enrichment and molecular GBS detection should 
be considered as the new gold standard for screening. 
(22,41). This type of testing was also confirmed in the 
Slovenian programme for the prevention of early-onset 
invasive neonatal infections caused by GBS. Briefly, af-
ter admission to the laboratory, combined vaginal-rec-
tal specimens are first inoculated in THBS enrichment 
broth for overnight incubation (16–18 hours). The next 
day, the broth is tested for GBS with one of the registered 
molecular tests according to the test manufacturer’s in-
structions. There is an increasing number of commer-
cial molecular test manufacturers for GBS detection on 
the market, which will undoubtedly reduce prices and 
increase the availability of this type of testing method 
(Table 1).

3.2.3 GBS antigen detection

In the past, a number of antigenic tests for urinary 
and vaginal GBS detection were developed, but regard-
less of the detection method (latex agglutination, enzyme 
immunoassay, optical immunoassay), they proved to be 
insufficiently sensitive when used directly on the collect-
ed specimens. The bacterial burden and the associated 
number of antigens can be very small during coloniza-
tion. Compared to enrichment, the sensitivity of antigen 
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Legend: rtPCR – real-time polimerase chain reaction; LAMP – loop-mediated isotermal amplification; HDA – helicase-dependant 
amplification; ND – unknown; GBS – I. group B streptococcus.
1 Sensitivity and specificity as listed in FDA documentation.
* The only diagnostic test that is currently also registered for intrapartum screening and has a lower sensitivity compared to 
the others.

Molecular test Registration 
year

Testing 
method

Method Target 
(gene)

Sensitivity1 
% (95% CI)

Specificity1 
% (95% CI)

Xpert GBS* 2006 Direct rtPCR cfb 89 (83-93) 97 (95-98)

Xpert GBS LB 2012 After enrichment rtPCR cfb 99 (96-100) 92 (90-94)

BD Max GBS 2012 After enrichment rtPCR cfb 95 (90–98) 97 (95–98)

Alethia GBS 2012 After enrichment LAMP ND 99 (97-100) 93 (92-95)

AmpliVue GBS 2013 After enrichment HDA atoB 100 (97-100) 93 (91-94)

Aries GBS 2016 After enrichment rtPCR cfb 96 (91-98) 91 (89-94)

Great Basin Portrait 
GBS 

2016 After enrichment rtPCR cfb 98 (93-99) 96 (94-98)

Solana GBS 2017 After enrichment HDA atoB 100 (98-100) 96 (94-97)

GenePOC GBS LB 2017 After enrichment rtPCR cfb 96 (92-98) 96 (94-97)

NeuMoDx GBS 2018 After enrichment rtPCR pcsB 97 (94-98) 96 (95-97)

Simplexa GBS 2018 After enrichment rtPCR cfb 97 (92-99) 96 (93-98)

Panther Fusion GBS 2020 After enrichment rtPCR cfb,sip 100 (98-100) 97 (95-98)

Table 1: Molecular tests that are registered with the US Food and Drug Administration (FDA).

tests is 15–74%, so most professional associations do not 
recommend them for detecting colonization (12,22,42).

Due to the high specificity of these types of tests, nev-
ertheless, and their ease of use, there have been attempts 
to use antigen tests after enrichment, particularly recent-
ly. Such use of rapid antigen tests could possibly become 
comparable to the molecular GBS detection after enrich-
ment (43,44,45).

4 Intrapartum GBS screening

The development of rapid and simple molecular 
methods which do not require an advanced molecular 
laboratory and experienced technical staff has made it 
possible to detect colonization in pregnant women di-
rectly upon admission to the maternity ward or at la-
bour onset. Such a method of testing could improve 
some of the shortcomings of antenatal testing, namely: 
a) the problem of premature birth before the 35th week of 
pregnancy, b) the problem of intermittent colonization, 
in which the carriage status can change from the time 
of testing to delivery, c) the logistical problem of testing 

between the 35th and 37th weeks of pregnancy, which 
could be a problem particularly in less developed coun-
tries, and ultimately, d) the problem of unnecessary an-
tibiotic prophylaxis in pregnant women who are not de-
monstrably colonized with GBS during childbirth (42).

However, intrapartum testing also has some disad-
vantages. The existing rapid molecular tests are complet-
ed at the fastest in 1–2 hours from specimen collection. 
In many cases, this is not fast enough for all pregnant 
women, some of whom may give birth before the test is 
complete (46). Subsequently, many studies have shown 
that the sensitivity of molecular tests without prior en-
richment is 10–20% lower than with tests with prior en-
richment (47-49). In this way, with a less sensitive test, 
colonized pregnant women could be missed and there-
fore wouldn’t receive antibiotic prophylaxis. In most 
studies to date, it has been shown that technical prob-
lems appear in approximately 10% of test, which then re-
quires repeat testing; again, it becomes an issue of time. 
Finally, at the time of writing, there is only one registered 
test used for this purpose (Xpert GBS).

Because of all this, intrapartum screening is not 
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1 In most comparative studies, the enriched culture (CDC-recommended method) was considered as the gold standard (11). In 
studies comparing molecular tests after enrichment, such testing detected 20-40% more colonized pregnant women (see text).
2 The indicated prices are approximations.
# With concurrent direct chromogenic agar plating, antibiotic susceptibility testing can normally be performed.
* Suitable for prenatal testing (35th to 37th weeks of pregnancy).
** Suitable for intrapartum screening. In most studies, such testing was about 10% less sensitive.

Type of test Duration Relative 
sensitivity1

Relative 
specificity

Antibiotic 
susceptibility 

testing

Relative 
cost2 (€)

Enrichment culture* 48-72 h 90-95% 90-100% Yes ≈15-20

Molecular (after enrichment) * 24 h 95-100% 95-100% Conditional# ≈50-60

Molecular (direct)** 1-2 h 85-95% 95-100% No ≈45-55

Antigen (direct) Up to 1 h 15-75% up to 75% No ≈10

Table 2: NMicrobiological testing methods and their basic characteristics for determining colonization of pregnant women. 
Adapted from Rosa-Fraile M., et al., 2017 (22).

recommended by any professional association for the 
time being. On the contrary, such testing is expressly 
discouraged by the American Society for Microbiol-
ogy (ASM), as testing without enrichment is not suffi-
ciently sensitive and has a low negative predictive value 
(50). Nevertheless, recent individual pilot studies have 
demonstrated both the advantages and disadvantages 
of intrapartum screening (51-53). In any case, it is nec-
essary to regularly monitor innovations in the field of 
molecular diagnostics, which in the future could be the 
basis for intrapartum screening; if possible, such testing 
in local environment is preferable. 

5 Hypervirulent GBS clone (serotype III, 
clonal complex 17)

The polysaccharide capsule is the most important 
GBS virulence factor. According to the capsular poly-
saccharide, GBS is divided into 10 different serotypes 
(Ia, Ib, II-IX), which differ from each other antigenical-
ly and structurally (54). In Europe, the most common 
serotypes are Ia, II, III and V, with serotype III causing 
most invasive infections (3). Colonization success and 
infection development are also related to the presence of 
other virulence factors, among which various adhesive 
molecules and structures that allow adhesion either to 
the epithelial surface (pili, HvgA) or molecules of the ex-
tracellular matrix (FbsA-C, Srr1-2, Lmb, ScbP and oth-
ers) are very important (55).

GBS is a commensal bacterium. It is therefore sur-
prising that, at the genomic level, most of the human 

colonization and clinical isolates belong to only five clon-
al complexes (CC – CC-1, CC-12, CC-17, CC-19 and 
CC-23). Among them, the clonal complex CC-17 is con-
sidered to be hypervirulent as it causes the vast majority 
(>80%) of late-onset invasive infections and dominates 
among the causative agents (50%) of early-onset invasive 
infections. Most strains of the CC-17 clone belong to the 
capsular serotype III and have the hypervirulent adhesin 
A (hvgA) gene. HvgA contributes to adhesion to intes-
tinal epithelial cells, vascular endothelium and choroid 
plexus cells in the brain (55).

From an evolutionary point of view, the main event 
in the formation of such a homogeneous GBS popula-
tion structure is considered to be the beginning of med-
ical use of tetracycline in 1948, and the acquisition of 
the tetracycline resistance gene (tetM) (56). These two 
events initiated the selection of a very limited number of 
human adapted tetracycline resistant GBS clones. Coin-
ciding with this was the increase in GBS infections in the 
1960s, including invasive infections of pregnant women 
and neonates. In several longitudinal studies that mon-
itor the incidence of invasive neonatal infections at the 
clonal level, it is concluded that it is the replacement of 
clones within the GBS population, and particularly the 
emergence and spread of the hypervirulent CC-17 clone, 
that is the reason for the reduced effectiveness of pro-
grammes to prevent neonatal sepsis (57).

In Slovenia, we have recently genomically charac-
terized all available invasive neonatal GBS isolates and 
compared them with colonization isolates. As expected, 
we found that serotype III, CC-17 isolates predominated 
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