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Abstract

Background: Group B streptococcus (GBS) is a leading cause of invasive bacterial
disease in neonates. The possibility of maternal immunization with GBS-vaccines is
being explored. Vaccine candidates include serotype-specific polysaccharide-protein
conjugates and GBS surface proteins, including pilus island proteins. In this project, we
aimed to undertake capsular serotype identification, pilus island identification and
genotypic characterization of GBS isolates associated with colonization in mother-

newborn dyads and invasive disease in infants.

Methods: Colonizing GBS isolates were identified by vaginal swabbing of mothers
(n=541) during active labor and from skin of their newborns post-delivery (n=395).
Invasive GBS isolates from infants (n=284) were identified through laboratory-based
surveillance. GBS serotyping was done by latex agglutination. Serologicaly non-
typeable isolates were typed by a serotype-specific PCR method. The pilus islands from
541 colonizing isolates and 284 invasive isolates were characterized by real-time PCR
targeting the ancillary protein 1 and 2. We undertook sequence typing based on the three
most heterogeneous genes (adhP, atr and ginA) of multilocus sequence typing (MLST)
on GBS isolates identified in young-infants with invasive disease (n=283) and those
associated with maternal (n=525) and newborn colonization at birth (n=369). A total of
121 colonizing and 131 invasive disease GBS isolates that were representative of 55 and
35 clusters respectively were analyzed by the remaining four MLST genes. The ghs2018

locus was characterized by DNA sequencing.
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Results: There were no significant differences in serotype distribution between vaginal
and newborn colonizing isolates (P=0.77). Serotype distribution of invasive GBS isolates
were significantly different to that of colonizing isolates (P<0.0001). Serotype la and I11
were the most dominant serotypes associated with maternal colonization (30.1% and
37.3%, respectively), invasive disease in neonates less than 7 days (57.7% and 84.3%,
respectively) and infants between 7 to 90 days of age (22.6% and 13.9%, respectively).
Relative to serotype Il1, other serotypes had lesser invasive potential: la (0.49; 95%CI
0.31-0.77), Il (0.30; 95%CI 0.13-0.67) and V (0.38; 95%CI 0.17-0.83). All isolates
carried at least one pilus island, and they were identified alone or in combinations. A
combination of PI-1 and PI-2a was more common among colonizing (28.7%) compared
with invasive isolates (17.6%). Conversely, a combination of PI-1 and PI-2b was more
frequently associated with invasive disease (60.2%) compared to colonization (37.2%).
Pl-2a was identified in 92.6% of colonizing and 90.9% of invasive serotype-la isolates,
whereas serotype |11 was associated with co-expression of a Pl-1 and PI-2b among 84.6%
of colonizing and 96.5% of invasive isolates. MLST identified 30 sequence-types in
colonizing isolates grouped into six clona complexes (CC), CC1 (19.8%), CC-10
(23.1%), CC17 (19.8%), CC-19 (15.8%), CC-22 (15.8%) and CC-23 (19.0%). Invasive
disease isolates were classified into 22 sequence-types grouped within five clonal
complexes. Clonal complex-17 and CC-23 were the most frequent clones associated with
invasive disease within 7 days of birth (42.4% and 57.1%, respectively) and those from
infants 7-90 days of age (23.7% and 34.3%, respectively. Three alelic variants of
ghs2018 (A, B and C) which code for the cell wall anchored proteins were identified, and

allele C wasidentified among al ST-17 lineage isolates.
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Conclusion: In South Africa, a GBS vaccine including serotypes la, Ib and Il has the
potential of preventing 74.1%, 85.4% and 98.2% of GBS associated with maternal
vaginal-colonization, invasive disease in neonates less than 7 days and invasive disease in
infants between 7-90 days of age, respectively. Furthermore based on the homogeneity of
pilus island distribution, a pilus based vaccine targeting a component of Pl-1 and PI-2a
would have a similar coverage in South Africa compared to Europe and North America.
Our study identified molecular diversity among colonizing and invasive disease GBS
isolates which were, however, similar to that observed in industrialized countries.
Furthermore, this study confirmed that the alele C can be used in future as a rapid and

cost effective way to detect ST-17 lineage GBS isolates.
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Chapter 1 Introduction

Sreptococcus agalactiae (also known as Group B Streptococcus; GBS) is a
bacterial commensal of the lower gastrointestinal and genitourinary tract (Motlova et al.
2004; Quinlan et al. 2000). Maternal ano-vaginal colonization is implicated as the major
risk for early-onset disease (EOD); i.e. within first 7 days of life (Elbaradie et al. 2009;
Faro et al. 2010). Materna screening to detect GBS is recommended during pregnancy,
and GBS positive or women who previously gave birth to an infant with invasive GBS
receive intrapartum antibiotic prophylaxis (IAP) (CDC 2005; Isaacs 1998; Schrag et al.
2000). Despite the success of IAP in reducing GBS EOD in industrialized countries, the
high costs and resource intensiveness of this strategy limits the feasibility of it being
implemented in industrializing countries. Furthermore, |AP has not reduced the incidence

of GBS occurring beyond the first week of life (Jordan et al. 2008).

Vaccination of pregnant women against GBS may offer a more suitable strategy
for the prevention of invasive GBS disease in industrializing countries. Group B
streptococcus vaccine candidates include polysaccharide-protein conjugate, in which
polysaccharide epitopes of specific serotypes are conjugated to an immunogenic carrier
protein. GBS serotype specific polysaccharide-protein conjugates containing serotypes la,
Ib and 111, have been evaluated for safety and immunogenicity (Baker et al. 1999; Baker
et al. 2003). A trivalent vaccine, including serotypes la, 1b and 111, conjugated to mutated
Corynebacterium diphtheria (C. diphtheria) toxin (CRMqg7) is currently under clinical

evaluation (Clinical Trias Gov: NCT01193920, NCT01150123, NCT01446289,
1



NCT01412801). In addition, selected surface exposed proteins are also being explored as
potential vaccine candidates, including the pilus islands proteins (Maione et al. 2005;

Margarit et al. 2009).

Knowledge on the clinical and molecular epidemiology of GBS serotypes, pilus-
island and genotypes, including the invasive potential of different serotypes and strains,
would contribute toward deciding on vaccine formulations aimed at optimizing coverage
against invasive GBS disease. There is, however, limited data on serotypes and genetic
diversity associated with GBS ano-genital maternal colonization or invasive disease in

industrializing countries, and no data on pilus-island distribution.

1.1 Background and study rationale

Group B streptococcus expresses a type specific polysaccharide capsule on the
bacterial surface. Ten capsular types (la, Ib, 11-1X) have been characterized based on the
capsular phenotype (Buttery & Moxon 2002; Slotved et al. 2007). At least 95% of all
neonatal invasive GBS disease is caused by the following serotypes, namely: Ia, Ib, 11, 11l
and V (Berg et al. 2000; Fluegge et al. 2005; Gray et al. 2007; Harrison et al. 1998;

Madhi et al. 2003; Martins et al. 2007; Palacios et al. 2005; Zaleznik et al. 2000).

More recently, a pilus-like structure that protrudes on the surface of most GBS
strains has been identified (Lauer et al. 2005; Rosini et al. 2006). Three genotypically
distinct pilus-islands have been described, and each houses three proteins namely, the

backbone (BP) and two ancillary proteins (AP1 and AP2) (Lauer et al. 2005; Rosini et al.
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2006). The roles of external structures or surface molecules on GBS biology,
pathogenesis and potential as vaccine candidates are being explored (Baker et al. 2003;

Larsson et al. 1999; Margarit et al. 2009).

The rationale for materna GBS vaccination in preventing neonatal sepsis is
fostered by the observation of the inverse association between maternal specific anti-
capsular antibody and development of invasive disease in the neonate (Baker et al. 2003;
Lin et al. 2001; Lin et al. 2004). There is however concerns regarding the safety of
vaccinating pregnant women, to avoid coincidental association with spontaneous abortion
which is common in the first trimester, maternal immunization during 2" or early 3
trimester have been proposed as a promising option to prevent neonatal GBS disease. The
success of maternal immunization in preventing young infant morbidity and mortality is
best characterized by the success of tetanus vaccination program and inactivated
influenza vaccination during pregnancy and demonstrated no adverse fetal effects (WHO

position paper 2006; Zaman et al. 2008)

Although there are extensive data on serotype distribution of maternal-colonizing
and invasive isolates from industrialized countries (Brimil et al. 2006; Croak et al. 2003;
Hickman et al. 1999; Kunze et al. 2011; McKenna et al. 2003; Savoia et al. 2008; Tsolia
et al. 2003), there are limited data comparing serotype distribution from colonized
mothers and their newborns from industrializing countries (Al-Sweih et al. 2005; Suara et
al. 1994). In addition there is paucity of data on serotypes causing invasive disease in

infants from industrializing countries.



Furthermore, vaccine-candidates based on a combination of selected surface
proteins, which may have the potential of providing protection against all GBS serotypes
are currently under development (Cheng et al. 2002; Larsson et al. 1999; Maione et al.
2005). These include targeting recombinant GBS pilus island proteins (Margarit et al.
2009; Nuccitelli et al. 2011), whose potential in protecting against invasive disease has
been established in anima models (Margarit et al. 2009; Nuccitelli et al. 2011). A
successful pilus island based vaccine may also potentially prevent GBS colonization,
since pili play a maor role in bacterial adhesion to the uro-genital mucosa (Dramsi et al.
2006; Telford et al. 2006). Currently, there is no published data on the prevalence of pilus
islands in isolates from vaginally colonized mothers and infants with invasive disease

outside of Europe and the USA.

To supplement vaccine development research, there has been interest in the
characterization of the genetic lineages of GBS associated with neonatal infections and
colonization (Bohnsack et al. 2008; Jones et al. 2003; Martins et al. 2007). Investigation
of the genetic diversity of GBS isolates is therefore important in understanding the
genetic relationship between serotypes causing invasive disease and those that are
simultaneously circulating in the same community. Although the polysaccharide capsule
is the most important virulence factor in the pathogenicity of GBS, variation in the
invasive potential of different serotypes in causing disease may further be influenced by
its genotypic characteristics (Bohnsack et al. 2008; Fluegge et al. 2011; Marchaim et al.
2006). There is limited data on the genotypic characteristics and clonal distribution of
GBS associated with colonization and none published to my knowledge in relation to

invasive disease in Africa.



Furthermore, it has been previously documented that genes encoding GBS surface
proteins constitute genetic markers that can be used as accurate identification of
potentially invasive isolates (Imperi et al. 2011; Martin et al. 2002). Recently, a sequence
type-17 (ST-17) specific surface protein caled hypervirulent group B streptococcus
adhesin (HvgA)/ghs2018C was identified (Lamy et al. 2006; Tazi et al. 2010). Given the
burden of ST-17 associated GBS neonatal disease, HvgA may in future be an important

target for the development of novel diagnostic, vaccine and antimicrobial strategies.

1.2 Aims and objectives
In this study we aimed to undertake capsular serotype identification, pilus island
and genotypic characterization of GBS isolates associated with colonization in mother-

newborn dyads and invasive disease in infants. Objectives of the study included to:

I Characterize the serotype distribution of GBS associated with maternal-
newborn dyads colonization and invasive disease in infants; and explore
the invasive potential of different serotypes.

ii. Characterize the pilus idand distribution of materna colonizing and
invasive GBS isolates from infants.

iii. Determine the clona relatedness between maternal-newborn dyads
colonizing and invasive disease isol ates.

iv. Characterize the allelic forms of ghs2018 gene which encodes the surface

protein HVQA.



Chapter 2 Literature review

2.1 Genus streptococcus

The genus streptococcus is a group of heterogeneous gram-positive pathogens,
many of which form part of the normal microbiota of humans and animals and some of
which have disease causing potentia in humans (Facklam 2002). Classification and
differentiation of the streptococcus genus have been based on severa characteristics,
including colony morphology, biochemical reactions, hemolytic activity and group-
specific carbohydrate antigen. The most significant species responsible for human
infections include group A streptococcus (GAS), GBS, and Streptococcus pneumoniae (S.
pneumoniae). The pathogenic and epidemiological aspects of GAS, GBS, and S
pneumoniae have been more extensively studied than other species, partly because of

their greater disease-causing potential in humans.

2.2 Characteristics of group B streptococcus

2.2.1 Identification and growth conditions

Group B streptococcus was first isolated from ungulates as a cause of bovine
mastitis in the early 1930s (Lancefield 1934). The recognition of GBS as an etiological
agent of severe human infections among neonates was first described in the 1960s
(Eickhoff et al. 1964). The classification of GBS is based upon specific polysaccharide
cell wall antigen reacting to hyperimmune serum under the Lancefield grouping

(Bromberger et al. 1980; Ingram et al. 1982; Lancefield 1934).



Metabolicaly, GBS is a facultative anaerobe and when grown on blood agar,
exhibit a B-hemolytic appearance producing a clear zone around colonies that results
from the cytopathic effect of GBS released hemolysin completely lysing surrounding
erythrocytes (Nizet 2002; Sigge et al. 2008). Selectivity of culture mediafor GBS growth
can be enhanced in blood agar supplemented with gentamicin (8ug/ml) and nalidixic acid
(15ug/ml). This selective enrichment supports the growth of GBS while inhibiting the
growth of other ano-vaginal bacterial commensals. Group B streptococcus colonies
appear grey or white, flat and slightly mucoidal when grown on blood agar plates (Liddy

& Holliman 2002).

Verification of the suspected GBS colonies can be carried out using a group B
antigen latex test or other specific method such as genetic probes and fluorescent
antibodies (Boyer et al. 1981; Elliot et al. 2004; Kong et al. 2005). The Christie Atkinson
Munch-Petersen (CAMP) test is used for presumptive identification of GBS. CAMP test
involves the hemolytic activity of staphylococcal B-lysin on red blood cells which is
enhanced by the CAMP factor produced only by GBS strains (Fuchs et al. 1978). Group
B streptococcus in blood agar may be mistaken for Enterococcus faecalis (E. faecalis).
To discriminate between the two, a bile esculin test is commonly used for presumptive
identification of the E. faecalis. Bile esculin medium contains selective (bile salts) and
differential component (esculin). Enterococci hydrolyze esculin to glucose and esculetin
causing the medium to blacken, while GBS cannot hydrolyze esculin (Chuard & Reller

1998; Facklam & Moody 1970).



2.3 Epidemiology and transmission

2.3.1 Maternal ano-vaginal colonization

Heterogeneity in study design, differences in culturing techniques, culture media
and sites of sampling limit the extent to which direct comparisons can be made between
studies. The prevalence of GBS vaginal colonization among pregnant women varies
regionally and between different ethnic groups, ranging from 1.3% to 36.0% (Goyal et
al. 2004; Gupta & Briski 2004). The prevalence of maternal GBS colonization aso varies
based on individual characteristics such as age, parity, socio-economic status, race,
presence of sexually transmitted disease and sexua behavior (Foxman et al. 2007,

Hickman et al. 1999; Regan et al. 1991; Sharmila et al. 2011).

Recto-vaginal swabbing has been recommended to improve identification of
GBS (Schrag et al. 2002). Previous studies have reported that the sensitivity of detecting
GBS colonization in pregnant women by undertaking both rectal and vaginal swabs is
18.5%-51.0% higher compared to taking vaginal swabs alone (Dillon, Jr. et al. 1982;
Kovavisarach et al. 2007; Quinlan et al. 2000). There is, however, no consensus in this
regard as some studies from the USA have showed no difference in GBS detection rates
from vaginal-perianal specimens compared with vaginal-rectal specimens 34% vs. 33.5%
(Jamie et al. 2004) 15% vs. 15.7% (Hickman et al. 1999), and 26.5% vs. 28.7% (Orafu et

al. 2002).

In Europe and the Americas, recto-vagina GBS colonization among pregnant
women varied from 6.6% to 36.0%, with the lowest prevalence being reported in Greece
(6.6%) (Maniatis et al. 1996), France (8.0%) (van et al. 2009a) and in Mexico (13.3)

(Gilson et al. 2000). In contrast, the prevalence of materna colonization was 33.5% in
8



the state of Florida and 36.0% in Denmark (Gupta & Briski 2004; Hansen et al. 2004).
Absence of standardization of methodology for sampling and processing of samples may,
however, contribute in-part to the variability in the prevalence of GBS colonization
between studies. Examples of thisinclude that the low prevalence of GBS colonization in
France may have been due to attempting to isolate GBS exclusively in the genital tract,
whilst in Greece non selective culturing media was used (Chocolate and blood agar
instead of colistin nalidixic acid) which could have decreased isolation rates. Maternal
colonization prevalence in Australia and New Zealand varies between 12.9% to 22.0%,
with the major difference between studies from Australia and New Zealand being the
exclusion of rectal swabs to detect GBS colonization in the study from Australia which
reported lower (12.9%) prevalence of colonization (Garland et al. 2000; Grimwood et al.

2002).

Studies that assessed the prevalence of GBS maternal colonization in sub-
Saharan Africa including an intervention study from South Africa (21.6%), three cross
sectional studies from Malawi (16.5%), Gambia (22.1%) and Tanzania (23.0%) reported
a similar prevalence of colonization, despite differences in gestational age at sampling,
the site/s of sampling, transport medium and culturing media used (Cutland et al. 20009;
Dzowela et al. 2005; Joachim et al. 2009; Suara et al. 1994). A longitudinal study from
Zimbabwe, reported a cumulative rate of 60.3% for GBS colonization from 20 weeks
gestational age through delivery (Mavenyengwa et al. 2006; Mavenyengwa et al. 2010).
A low prevalence of GBS has, however, been observed in Mozambique ranging from
0.9% to 1.8% in two studies conducted a decade apart (de Steenwinkel et al. 2008;

Osman et al. 1995). Both these studies, however, did not use selective media for GBS



isolation and hence culture of GBS may have been compromised. Direct agar plating
without the use of selective media reportedly reduces the yield of GBS recovery by 50%

(CDC 1996).

The prevalence of GBS colonization among pregnant women in Asia and the
Middle East varies considerably, ranging from 1.3% in India (Goyal et al. 2004) to 31.6%
in Saudi Arabia (Zamzami et al. 2011). The low prevalence in India is consistent with
other South/South-East Asian countries including Pakistan (8.5%), Philippines (7.5%)
and Myanmar (7.1%), irrespective of whether single or multiple sites were sampled
(Chaudhry et al. 2010; Nahael et al. 2007; Whitney et al. 2003). The reason for the lower
prevalence of GBS colonization in Asian countries and geographical variation in general

remains unknown.

When the prevalence of GBS colonization was stratified with respect to the
human immunodeficiency virus (HIV) status, there were no significant differences
(P=0.28) observed in a study from Brazil in GBS colonization between HIV-infected
(19.2.%) and uninfected (14.1%) pregnant women (El et al. 2006). In South Africa,
maternal HIV infection was not associated with increased risk of maternal vagina GBS
colonization, GBS colonization was detected in 17.0% of HIV infected women compared
with 23.0% of HIV uninfected women (Cutland et al. 2012). Similarly GBS colonization
was respectively associated with 19.4% and 21.7% in HIV infected and HIV uninfected
in Maawi (Gray et al. 2011). In contrast, a study done in Belgium reported a
significantly (P<0.001) higher colonization prevalence amongst HIV-infected (29.0%)

compared to HIV uninfected pregnant women (19.0%) (Epalza et al. 2010).
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2.3.2 Transmission of group B streptococcus to neonates

Group B streptococcus is transmitted vertically from colonized mothers to their
newborns peri-partum and involves colonization of the skin or mucous membranes in
10.0% to 50.0% of newborns born to mothers with ano-vagina colonization (Bea &
Dancer 2006). The vertical transmission rates vary substantially in different geographical
regions, and rates as low as 2.1% in the Netherlands (Vakenburg-van den Berg AW et al.
2006) and as high as 61.0% in Sweden (Hakansson et al. 2008) have been reported.
Neonatal colonization is defined by a GBS positive culture swab taken from a neonate’s
umbilicus, throat, and ear after birth. The number of sites sampled may consequently
influence the detected rate of colonization in newborns. Swabbing of the neonate’s
umbilicus, throat and ear yielded higher isolation rates, 47.2% compared to 23.2% when

only one site was sampled (Sensini et al. 1997).

Neonates are at a greater risk of acquiring GBS when the mother is heavily
colonized with GBS during labor (Sensini et al. 1997). In an Italian study, the rates of
vertical transmission were substantially higher among women with high density of
colonization (50.0%) compared to those with a lower density of colonization (30.4%)
(Sensini et al. 1997). Density of colonization was based on the semi-quantitative four
zone streaking method, and the colony forming unit defines the GBS growth. Despite
higher prevalence of materna GBS colonization, studies from Netherlands (21%) and
Brazil (27.6%) reported low vertical acquisition rates i.e. 2.1% and 3.1%, respectively
(Vakenburg-van den Berg AW et al. 2006). Conversely, in countries with low materna
colonization, including India (2.52%), Iran (9.1%) and Itay (11.3%), vertica
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transmission rates were 60.0%, 60.0%, and 41.5%, respectively (Joachim et al. 2009;
Kuruvilla et al. 1999; Sensini et al. 1997). An additional factor determining the
acquisition of GBS in newborns is the prolonged rupture of amniotic sac membranes
(PROM). i.e. vertical transmission was 73.3% in membrane rupture of more than 12
hours before delivery compared to 38.4% in less than 12 hours before delivery (Hickman

et al. 1999).

Neonatal colonization has also been reported in neonates born from non-col onized
mothers, indeed 2.0-5.6% of neonates born to non-colonized mothers are colonized by
GBS during birth (Cutland et al. 2009; Eren et al. 2005; Hickman et al. 1999). These
findings may suggest sources of acquisition other than from the mother, or reflect
limitations on culturing techniques or the sensitivity of identifying maternal colonization

aswell as exclusion of rectal swabbing.

2.3.3 Group B streptococcus disease in infants

Neonates with invasive GBS disease may present with septicemia, meningitis and
pneumonia, with septicemia being the most common (Luck et al. 2003; Puopolo et al.
2005). Invasive neonatal GBS diseases have been reported in both early-onset (EOD) and
late-onset (LOD) of the disease. Early onset disease is classically defined as occurring
within seven days of birth, and LOD as occurring between 7 to 90 days after birth. Group
B streptococcus was responsible for 86.1% of bacterial meningitis within the first two

months of age in the USA between 1998 and 2007 (Thigpen et al. 2011).
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2.3.4 Early onset disease

Early onset disease is thought to occur as a consequence of invasion by feta
aspiration of GBS infected amniotic fluid or following colonization during birth
(Berkowitz & Papiernik 1993; Lyytikainen et al. 2003). Recently a systemic review that
estimated the current global burden of EOD in low, middle and high income countries
reported an overall incidence of 0.43 per 1000 live births. The incidence per 1000 live
births was found to be high in Africa (0.53), followed by the Americas (0.50) and Europe
(0.45). The lowest incidence rate of 0.11 per 1000 live births was reported in South-East
Asia (Edmond et al. 2012). In countries where AP is widely implemented, a decrease in
GBS EOD has been evident, including from 3.2 in 1987-1989 to 2.0 in 1990-1992 and
even further to 0.37 between 1997-2003 in the USA (Chen et al. 2005; Puopolo et al.

2005).

Increased use of the IAP in most European countries during the 1990s has also
successfully led to the significant decrease in the incidence of EOD. There is, however, a
high residua incidence (per 1000 live births) of EOD disease even in some industrialized
countries where 1AP has been implemented, including Finland (0.6-0.7), Israel (0.80),
Spain (0.89) and Czech Republic (0.7-1.0). The high incidence of GBS in these countries

implementing IAP suggests that thereis aneed for an aternative intervention.

In Africa and some Asian countries where IAP, based on screening for GBS
colonization during pregnancy, has not been implemented, the incidence of GBS remains

high. In South Africa the incidence of EOD did not changed over a decade. An initia
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study from Soweto, South Africa between 1997 and 1999 reported an incidence of 2.06
per 1000 live births for EOD (Madhi et al. 2005), which was more recently confirmed
(i.e. 2.0 per 1000 live births) in a cohort study in the same setting undertaken between
2005-2007 (Cutland et al. 2009). A high incidence of EOD (0.92) has also been reported

in Maawi (Gray et al. 2007).

In some Asian countries, including Taiwan and Japan where neither universal
GBS screening during pregnancy nor risk-based prophylaxis is practiced, comparable
incidences of EOD (0.7-1.83) (Matsubara et al. 2007; Yu et al. 2011) to those of the sub-
Saharan countries have been reported. There has been a suggestion that there might be
underestimation of true rates of GBS incidence in some Asian and other African countries
including India (0.17) and Nigeria (0.24) (Kuruvilla et al. 1999; Ojukwu et al. 2006).
This may be attributed to inadequate laboratory facilities in rural regions, in addition to
which cases occurring among home-births may be missed should there be limited access

to health care (Shet & Ferrieri 2004).

2.3.5 Late onset disease

Development of LOD is less well understood, however, it is suggested that it is
closely related to a delayed manifestation of a vertically transmitted infection or
nosocomially and community acquired infection (Jordan et al. 2008). It has aso been
shown that breast feeding may be a source of infection resulting in either late onset or
recurrent neonatal disease (Kotiw et al. 2003). In a review assessing the incidence of

LOD GBS, the mean rate was 0.24 per 1000 live births with the highest rates in Africa
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(0.71) followed by the Americas (0.31) (Edmond et al. 2012).

In industrialized countries such as the USA and Europe, there also remains a
substantial burden of LOD, 0.47 and 0.36 per 1000 live births, respectively (CDC 2005).
In industrializing regions including sub-Saharan Africa, studies from South Africa and
Malawi have reported late onset incidence to be 1.0 and 0.89 per 1000 live births,
respectively (Gray et al. 2007; Madhi et al. 2005). In 2005 GBS bacteremia was the
leading bacterial cause of early death in young infants from Kenya compared to any other
gram-positive pathogen (Berkley et al. 2005). The study from Kenya however, did not
stratify the incidence of GBS according to the onset of infection, and reported the
incidence of 0.66 per 1000 live births in infants less than 28 days of age (Berkley et al.

2005).

More studies are needed especially in the Asian countries, to accurately estimate
the burden of LOD due to GBS. Currently the incidences of LOD in Asia remain poorly
documented compared with other geographica regions. The explanatory variables for a
lack of data from Asia may be linked to high case fatality before specimen collection and

incomplete periods for data collection (Edmond et al. 2012).

In 1996, the Centers for Disease Control and Prevention (CDC) recommended
two strategies for prevention of perinatal GBS disease, the screening based strategy and
the risk based strategy (CDC 1996). The guidelines for GBS prevention were revised, and
the screening based strategy was adopted as the only strategy after it was found to be

>50% more effective than the risk factor based strategy (Schrag et al. 2002)..
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2.4 Pathogenesis and virulence factors

Severa virulence factors of GBS have been identified, this includes capsular
polysaccharide, GBS pili, HvgA and B-hemolysin (Lamy et al. 2006; Rosini et al. 2006;
Spellerberg 2000). The role of capsular polysaccharide has been extensively studied for
many years and has been documented as the primary factor that enable GBS to survive in
the host by preventing activation of complement pathways involved in
opsonophagocytosis (Edwards et al. 1982; Edwards et al. 1993; Vallgo et al. 1996). GBS
pili and HvgA are important in the adhesion and attachment of GBS to the host cells
(Krishnan et al. 2007; Tazi et al. 2010), the roles of GBS pili and HvgA are described in
sections 2.7 and 2.8, respectively. B-hemolysin is implicated in the pulmonary and
endothelial cell injuries, which contribute to severe pneumonia in infants because of its

cytopathic effects on the pulmonary epithelia cells (Nizet et al. 1996).

2.5 Capsular polysaccharides

Type specific capsular polysaccharide is the most common feature of the
streptococcus genus. The antigenic variations in the repeating units of oligosaccharides
result in characterization of at least ten different capsular polysaccharide compositions
(Ciedlewicz et al. 2005). Magjority of serotypes (la, 1b, 11, Il1, 1V,V, and VII) consists of
the monosaccharide glucose, galactose, N-acetylglucosamine and N-acetylneuraminic
acid (Jennings et al. 1983a; Jennings et al. 1983b; Kogan et al. 1995; Wessels et al. 1989;
Wessels et al. 1991), whilst type VI and VIII contain rhamnose in place of N-

acetylglucosamine (Kogan et al. 1996; von et al. 1993).
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Although the repeating unit structure in GBS serotypes are similar in their
constituent monosaccharide composition and certain structural motifs, differences exist in
the synthesis of distinct capsular polysaccharide precursor oligosaccharides repeating
units (Chaffin et al. 2005). The majority of type specific capsular polysaccharides have
five sugar residues, with the exception of 1V and Il which contain six and seven sugar
residues respectively (Wessels et al. 1989). Sialic acid, which is present as aterminal side
chain residue in the repeating structure of each GBS polysaccharide, enhances GBS
virulence abilities by interfering with the host innate immune recognition and specifically

opsonic components of the complement system (Weiman et al. 2010).

Type specific capsular classification has traditionaly been performed by
capillary precipitation, commonly known as the Lancefield method (Lancefield 1934).
There are several other serologic methods that are used for serotype determination,
including latex agglutination (Slotved et al. 2003), and inhibition enzyme linked
immunosorbent assay (iIELISA) (Arakere et al. 1999). The Lancefield method and latex
assay involves subjective interpretation as end points, while the IELISA assay relies on a
different principle to the Lancefield method and latex assay, and involves detection of
GBS serotypes based on the specific interaction between the type specific capsular
polysaccharide and GBS directed antibodies from a pooled serum. The Lancefield
method involves the detection of a precipitate when antiserum diffuses through acid
extracted type specific capsular polysaccharide in a capillary tube (Severin 1972). The
Lancefield method has been superseded by the latex agglutination which is a rapid and
sensitive slide agglutination test and involves reacting type specific antibodies coated on

latex particles to capsular polysaccharide (Afshar et al. 2011; Slotved et al. 2003).
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More recently a new proposed serotype designated as serotype-IX has been
described (Slotved et al. 2007), implying that some non-typeable strains could belong to
as yet uncharacterized serotypes not screened for by currently available antisera
Molecular typing based techniques for the identification of the genes coding for type
specific capsular polysaccharide have been developed to overcome limitationsin serotype
classification. Molecular techniques were seen as highly desirable because of the high
discriminatory power, reproducibility, and specificity (Imperi et al. 2010; Murayama et
al. 2009; Poyart et al. 2007), however the mosaic nature of the capsular polysaccharide

loci make it difficult to use molecular typing as a gold standard.

2.6 Group B streptococcus ser otype epidemiology

2.6.1 Group B streptococcus serotypes associated with colonization in pregnant

women

The global systematic review of serotypes associated with recto-vaginal maternal
colonization is summarized in Table 2.1. Pubmed database was used as a search engine,
and using search terms “Streptococcus agalactiae, group B streptococcus, serotype and
maternal colonization”. The selection criteria included studies conducted from 1990-
2012, however studies not written in the English language or those for which the full text

article could not be accessed were excluded from the table.

Distribution of GBS serotypes and the proportion of individual serotypes may

vary regionally even within a country (Hong et al. 2010; Seo et al. 2010). Two studies
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from the state of Ohio in America conducted a year apart showed a difference in the
frequency of serotypes associated with colonization of pregnant women (see Table 2.1).
In a study by Croak et al, 2003 serotype V was isolated most frequently (31.7%),
followed by serotype la (17.2%) and 111 (16.6%). Whilst McKenna et al, 2003 reported
serotype 111 (31.9%) as dominant followed by la (23.2%) and low prevaence of serotype
V (7.2%). The reason for this variability is not understood, however, the discordance may
be due to the limitation in detecting concurrent multiple colonizing serotypes. It has been
previously documented that 21.6% women are colonized with more than one serotype

(Ferrieri et al. 2004).

Despite the differences in the proportionality of individual serotypes, the majority
of studies done in the USA have consistently reported the dominance of colonization by
serotype |11 (24.2%-27.1%) and la (24.2%-28.5%) (Blumberg et al. 1996; Hickman et al.
1999; Ippolito et al. 2010; McKenna et al. 2003). These findings suggest that the most
common GBS serotypes responsible for colonization have remained relatively stable over
the years. Serotypes IV and VI which are the least reported serotypes were identified in
two studies from the USA (Ippolito et al. 2010; McKenna et al. 2003), whilst no

colonizing isolates belonged to serotypes VII or VIII.

The epidemiology of the most common GBS serotypes from pregnant women in
European countries does not differ significantly between countries. The magority of
studies from Europe have reported serotype |11 as the most common colonizing serotype,
ranging between 21.7% to 34.5%; Table 2.1. Netherlands and Greece reported the

predominance of serotype la (26.1%) and serotype Il (26.9%) respectively, which
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marginally exceeded serotype Il at 21.7% and 22.4% in the respective countries (van et
al. 2009b). The difference between the dominant serotype associated with colonization in
the Netherlands and Greece, indicates that the propensity of GBS to colonize is not

entirely dependent on serotype but may include other factors.

No significant differences in the GBS serotype distribution associated with
colonization have been observed over time within geographical regions in Europe
(Blumberg et al. 1996; Brimil et al. 2006; Dore et al. 2003; Kieran et al. 1998; Kunze et
al. 2011; Savoia et al. 2008; Sensini et al. 1997). In agreement with serotype data from
the USA, serotype Ib, IV and VI were the least reported serotypes associated with
colonization in pregnant women in Europe. Serotype V111 which is rare in most countries

was only reported in one isolate from Greece (Tsolia et al. 2003).

Studies done in Africa showed geographical differences in the serotype
distribution; Table 2.1. Two studies from West Africa reported serotype V as the most
common serotype, accounting for 44.0% in Senega and 37.0% in the Gambia (Brochet et
al. 2009; Suaraet al. 1994). The low prevaence of serotype Il (7.4%) in the Gambia was
attributable to the significantly higher antibody levels to serotype 11l (geometric mean
level of 3.28+0.67 pg/mL) in women colonized with serotype V (Suara et al. 1998). This
suggests that serotype-specific anti-capsular antibody may have a role in protecting

against serotype-specific colonization.

There are some unexplained geographical differences in the serotype
epidemiology of GBS maternal colonization between countries of the Middle-East and
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South/East Asia compared to the USA, Europe and Africa. For example, in the United
Arab Emirates (UAE), serotype IV was the dominant colonizing serotype (26%),
followed by serotypes la (24.6%) and Il (17.5%) (Amin et al. 2002); Table 2.1. In
contrast serotype VI and VIl accounted for over 25.1% of GBS serotypes isolated from
Japanese pregnant women (Lachenauer et al. 1999; Matsubara et al. 2002; Terakubo et
al. 2003). Serotype IV which accounted for 26.3% in the Arab Emirates, is indeed also
common among colonizing isolates from Brazil (13.1% of colonizing isolates) (Pameiro
et al. 2011). In France the emergence of serotype IV has been linked to the capsular
switch from serotype 11l to serotype 1V, probably due to the selective immune pressure
(Bellais et al. 2012). The reason why the capsular switching of serotype Il is confined to

serotype IV and does not include other serotypes remains to be explored.

Serotype distribution from Thailand reflected temporal variation over a decade,
an earlier study by Whitney et al, 2004 conducted in 1999-2001 reported serotype V
(50.0%) as the most prevalent whilst between 2009-2010 serotype Il (24.0%) was the
most frequent serotype (Turner et al. 2012). Despite the use of different serotyping
techniques, non-typeable isolates were frequently isolated in studies from the middle-
east, 15.8%, 17.7%, and 28.5% in the UAE, Kuwait and Lebanon respectively (Al-Sweih
et al. 2005; Amin et al. 2002; Seoud et al. 2010). The high rates of non-typeable isolates
in the Middle East countries may be aresult of low CPS synthesis or production such that
it could not be detected by the typing sera. This poor correlation in serotype distribution
between countries, particularly in Asiawill pose a challenge for the success of a serotype

specific trivalent vaccine which is being evaluated to reduce maternal colonization.
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Table 2.1: Distribution of group B streptococcus serotypesin colonizing isolates from pregnant women in different countries

Countries (Reference) Year of study Typing la Ib I i v \% VI VII, | NT
method VIl
United States
Georgia (Blumberg et al. 1996) 1992-1993 CP 41.0 12.0 3.0 19.0 25.0
Texas (Hickman et al. 1999) 1994-1995 OID 24.2 9.2 26.1 24.2 11.8 0.7 4.0
Ohio (Croak et al. 2003) 1998-2000 CP 17.2 7.6 11.7 16.6 34 31.7 0.7 11.0
Ohio (McKennaet al. 2003) 2001-2002 CP 23.2 29 8.7 31.9 14 7.2 24.6
Madigan (Ippolito et al. 2010) 2009 PCR 28.5 12.1 12.1 27.1 1.9 16.9 1.0 0.5
Europe
Ireland (Kieran et al. 1998) Not stated TS 23.3 7.0 16.3 30.2 0.8 13.2 9.3
Ireland (Dore et al. 2003) 1997-1999 LA 17.2 9.2 14.9 34.5 2.3 16.1 5.7
Ireland (Whitney et al. 2004) 1999-2001 CP 35.0 5.0 5.0 30.0 20.0 5.0
Portugal (Martins et al. 2007) 2002-2004 LA 15.6 5.2 17.1 219 2.2 219 19 14.1
Germany (Brimil et al. 2006) 2001-2003 OID 17.3 14.6 21.3 28.0 2.7 16.0
Germany (Kunze et al. 2011) 2004 LA 16.0 19.0 12.0 28.0 6.0 15.0 4.0
Italy (Sensini et al. 1997) 1993-1995 OID 16.2 27.0 21.6 21.6 2.7 5.4 5.4
Italy (Savoiaet al. 2008) 2005-2006 LA 20.5 6.8 55 32.9 8.2 26.1
Sweden (Hakansson et al. 2008) 2005 LA, PCR 11.0 13.0 16.0 24.0 15.0 19.0 0.5 1 0.8
Greece (Tsolia et al. 2003) 2000-2001 LA 19.4 11.9 26.9 224 3.0 9.0 3.0 4.5
Netherlands (van et al. 2009b) 1995-2004 LA 26.1 6.5 13.0 21.7 7.6 15.2 7.6
France (van et al. 2009a) 20012003 PCR 25.6 7.7 7.7 41.0 17.9
UK (Jones et al. 20064) 2001-2002 LA 25.8 15.7 94 26.4 0.4 189 0.4 0.8 2.0
Spain (Perez-Ruiz et al. 2004) Not stated TS 29.0 129 129 38.7 6.5
Africa
Zimbabwe (Whitney et al. 2004) 1999-2001 CP 9.5 14.3 4.8 23.8 42.9 4.8
Zimbabwe (Moyo et al. 2002) 2000 AbTyp 145 51 43 45.3 51 23.9 2.0
Gambia (Suara et al. 1998) 1992-1993 AbTyp 185 3.7 25.9 7.4 3.7 37.0 3.7
Senegal (Brochet et al. 2009) 2005-2006 PCR 17.3 5.3 12.0 21.3 44.0
Central African Republic (Brochet et al. 2009) 2005-2006 PCR 27.3 8.0 22.7 17.0 25.0
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Countries (Reference) Year of study Typing la Ib I Il v Vv \ VI, | NT
method VIl
Middle East
UAE (Amin et al. 2002) 1998-1999 ID 24.5 35 175 26.3 12.3 15.8
Kuwait (Al-Sweih et al. 2005) 2004 TS 8.9 24 8.1 26.6 0.8 21.8 13.7 17.7
Lebanon (Seoud et al. 2010) 2004 PCR 14.6 6.6 10.9 16.1 0.7 226 285
Turkey (Eren et al. 2005) 2000-2001 TS 259 3.7 29.6 185 19 20.4
Israel (Bisharat et al. 2005) 2000 LA 115 8.6 221 25.0 17.3 154
Asia
Japan (Lachenauer et al. 1999) 1992-1994 iELISA 6.8 8.2 11.0 4.1 24.6 35.6 9.6
Japan (Terakubo et al. 2003) 1992-2001 TS 8.6 6.4 1.6 10.2 8.6 26.6 31.6 6.4
Japan (Matsubara et al. 2002) 1999-2000 ELISA 8.3 125 8.3 104 6.3 18.8 27.1 8.3
Korea (Uh et al. 1997) 1995-1996 TS 24.1 48.3 20.7 6.9
Korea (Seo et al. 2010) 2004-2007 DB 17.0 9.3 51 29.8 27.7 6.9 3.7
Korea (Hong et al. 2010) 2006-2007 TS 13.0 6.8 5.6 35.6 23 24.3 12.4
Taiwan (van et al. 2009b) 1995-2004 LA 22.4 8.6 34 328 259 34
Malaysia (Dhanoa et al. 2010) 2003 LA 115 15 55 12.0 10.0 19.0 17.0 6.5 17.0
Myanmar (Whitney et al. 2004) 1999-2001 CP 14.3 35.7 35.7 14.3
Thailand (Whitney et al. 2004) 1999-2001 CcP 20.9 125 125 50.0 4.2
Thailand (Turner et al. 2012) 2009-2010 LA 16.0 2.0 240 13.0 6.0 13.0 16.0 6.0 4.0
Oceania
New Zealand (Grimwood et al. 2002) 1998-1999 OID,PCR | 212 19.2 5.8 28.8 19.2 19 19 19
South/Central America
Brazil (Simoes et al. 2007) 2003-2004 ID 185 23.9 19.6 5.4 6.5 8.7 174
Mexico (Gonzalez Pedraza et al. 2002) 1999-2001 LA 61.4 25.7 12.9

OIP_ Ouchterlony immunodiffusion, “*- Capillary precipitation, ""- Polymerase Chain Reaction, -*- Latex assay, *°™"- Antibody

typing, ">- Typing Sera, 'E-'S*- Inhibition Enzyme Linked Immunosorbent Assay, '°- Immunodiffusion with rabbit antisera
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2.6.2 Group B streptococcus ser otype associated with invasive disease in infants

Serotype distribution in invasive disease is summarized in Table 2.2 and Table
2.3, this includes studies written in the English language conducted between 1990 and
2012. Invasive GBS disease isolates in these studies mainly involved isolates identified
from normally sterile sites such as blood, cerebrospinal fluid (CSF) and pleura fluid of

infants younger than three months.

Although GBS acquisition by newborns from maternal recto-vaginal colonization
is an established risk factor for GBS sepsis within the first 7 days of life, there are
differences in the relative contribution of individual serotypes that cause invasive disease
compared to their relative prevalence in colonization. These differences appear to be
related to an increased invasive disease potential of certain GBS serotypes, rather than
due to increased risk of transmission of these serotypes from mothers to newborns

(Bisharat et al. 2004; Martins et al. 2007).

Despite geographical differences in the proportion of serotype distribution,
serotype |11 remains the most frequently identified invasive serotype globally (48.9%)
and together with serotype la (22.9%) accounted for over 70.0% of GBS invasive disease
(Edmond et al. 2012). A systematic review on serotype distribution in infants under three
months reported that five serotypes (la, Ib, I1, 111, and V) accounted for more than 85.0%
of serotypes in all regions, including 98.0% in Africa, 96.0% in the Americas, 93.0% in

Europe, 89.0% in the Western Pacific and 88.0% in the Eastern Mediterranean (Edmond
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et al. 2012).

When serotype distribution was stratified on the basis of the onset of invasive
disease, 37.0% of EOD was due to serotype |11 compared to 53.0% of LOD. Conversely,
40.0% of EOD was caused by serotype la compared with 30.0% of LOD (Edmond et al.
2012). This review, however, reflected that the majority of studies on serotypes causing
invasive disease in infants originate from industrialized countries, whereas there was
limited data from Africa and the Eastern Mediterranean and none from South East Asig;

Figure 2.1.

In Africa there were only three published studies on serotype distribution of
invasive GBS isolates in infants presenting with either EOD or LOD (AitMhand et al.
2000; Gray et al. 2007; Madhi et al. 2003). Based on these published studies, serotype la
and I11 were consistently found to be the dominant serotypes, collectively associated with
80% and 77% of EOD in South Africaand Malawi, respectively. Similarly both serotypes
accounted for 100% and 92% of LOD in South Africa and Malawi, respectively (Gray et
al. 2007; Madhi et al. 2003). Similar findings were observed in Morocco, where serotype
la and 11l accounted for 72.6% in EOD and 65.2 % in LOD (AitMhand et al. 2000). In
Africa, serotype Il was more likely to be isolated from LOD (72.0-75.7%) than in EOD
(49.2-51.8%), and conversely serotype la was more common in EOD (26.0-31.0%)
compared to LOD (20.0%-24.3%). This breakdown was consistent with invasive neonatal

serotype epidemiology from the USA and European countries; Table 2.2 and Table 2.3.
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Serotype V which has become more common among invasive disease GBS
isolates was associated with 11.8% of EOD in Morocco (AitMhand et al. 2000).
Similarly, studies from Europe and the USA have reported EOD due to serotype V in
23.0% and 15.0% respectively (Blumberg et al. 1996; Harrison et al. 1998; Lin et al.
1998; Persson et al. 2004; Weisner et al. 2004). The preponderance of serotype V in the
above mentioned countries cannot be generalized as its relative contribution in other
countries remains modest (Ekelund & Konradsen 2004; Gray et al. 2007; Hoshina et al.
2002; Madhi et al. 2003; Poyart et al. 2008). This is corroborated by two studies from
sub-Saharan Africa where lower proportion of EOD was attributed to serotype V in

Malawi (3.7%) and South Africa (5.6%) (Gray et al. 2007; Madhi et al. 2003).

Despite the dight difference in their prevalence between EOD and LOD, on
average serotype Ib and 11 seems to have remained stable in Africa over a period of years.
Serotype Ib and Il have less often been associated with invasive GBS disease among
infants. In Africa, serotype Ib was responsible for approximately 7.0% of EOD in South
Africaand Malawi, and 3.9% in Morocco (AitMhand et al. 2000; Berg et al. 2000; Gray
et al. 2007; Madhi et al. 2003). In South Africa (7.0%) and Morocco (3.9%) the
prevalence of serotype Il was similar to that of serotype Ib, whereas the Maawi study
reported a relatively higher contribution of serotype Il (11.1%) in EOD compared to the
other African countries. Although serotype Ib was not significantly responsible for most
of the GBS invasive disease cases in Africa, reports from Europe and the USA
substantiate the inclusion of serotype Ib in the trivalent vaccine currently under clinical
trial since in Europe and the USA serotype |b was responsible for as much as 15.9% and

10.1% of EOD respectively (Oladottir et al. 2011; Zaleznik et al. 2000).
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The distribution of the least common GBS serotypes (1V, VI, VII and VII11) differs
between countries, and their identification is largely associated with EOD; Table 2.2. In
sub-Saharan Africa none of the above mentioned serotypes were identified in either EOD
or LOD whilst 7.8% of EOD isolates were associated with serotype IV in Morocco;
Table 2.2 and Table 2.3. In Europe, serotype IV and VI were associated with invasive
disease in some of the countries, including 10.0% of LOD being serotype IV in Sweden
(Persson et al. 2004). Notably, strong evidence suggest that serotypes VI, VII and VIII
are only prevaent in Asia and combined they were responsible for 15.5% of neonatal
invasive disease in Japan, similar to the prevalence (6.9%-35.6%) of maternal
colonization by serotypes VI, VII and VIII in Japan and Korea (Lachenauer et al. 1999;

Seo et al. 2010).

When serotype distribution was stratified on the basis of clinical syndrome and
site of isolations of invasive GBS disease, between 34.0% and 76.9% of LOD GBS
isolates recovered from the CSF were serotype Il (Berg et al. 2000; Gray et al. 2007,
Madhi et al. 2003; Weisner et al. 2004). Based on the published data regarding GBS
serotype distribution within and between countries, the majority of serotypes causing
invasive disease will be covered by a trivalent (Ia, Ib and I11) GBS conjugate vaccine in
most regions of the world; Figure 2.1. This may, however, be less so in countries such as
Japan and Korea where serotypes VI, VII and VIII are important causes of neonatal
disease. The potential coverage of the tri-valent GBS conjugate vaccine is estimated at
68.5%, 86.0% and 85.0% for EOD in the USA, South Africa and Malawi, respectively

and higher coverage rates for LOD.
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Table 2.2: Serotypedistribution of early-onset invasive disease in neonates

Countries (Reference) no of Y ear Typing la Ib [ Il v Vv VI, VII, NT
isolates method % % % % % % VI % %
Africa
Morocco (AitMhand et al. 2000) 51 1992-1993 LA 314 39 39 41.2 7.8 11.8
South Africa (Madhi et al. 2003) 71 1997-1999 ELISA 31.0 7.0 7.0 49.2 5.6
Malawi (Gray et al. 2007) 29 2004-2005 LA 26.0 7.4 111 51.8 3.7
Europe
France (Lamy et al. 2006) 21 1990-2005 LA 23.8 4.8 714
Spain (Martins et al. 2011) 123 1994-2009 LA 26.0 6.5 8.1 43.9 16 9.8 41
Sweden (Berg et al. 2000) 64 1995-1996 TS 20.3 31 6.3 54.6 31 10.9 16
Iceland (Oladottir et al. 2011) 53 1995-2006 LA 22.7 15.9 114 34.1 2.3 13.6
Netherlands (Trijbels-Smeulders et al. 2006) 142 1997-1999 TS 21.1 35 10.6 47.9 9.2 7.0
Sweden (Persson et al. 2004) 40 1998-2001 TS 125 25 25 60.0 225
UK (Weisner et al. 2004) 231 2000-2001 TS 32.0 6.0 5.0 37.0 13.0 25 4.0
Portugal (Martins et al. 2007) 42 2000-2002 TS 31.0 2.4 19.0 28.6 24 16.7
Germany (Fluegge et al. 2005) 168 2001-2003 TS 17.2 5.4 7.7 57.7 1.2 8.9 1.8
France (Poyart et al. 2008) 39 2006-2007 PCR 28.2 5.1 2.6 61.5 25
USA
Georgia (Blumberg et al. 1996) 64 1992-1993 CP 36.0 9.0 8.0 30.0 14.0 3.0
Houston (Zaeznik et al. 2000) 129 1993-1996 OID 37.2 10.1 11.6 26.4 14.0 0.7
Maryland (Harrison et al. 1998) 149 1992-1993 CP 36.2 13 10.7 38.3 134
USA (Linet al. 1998) 67 1995-1997 TS 40.0 9.0 6.0 27.0 15.0 3.0
North America
Canada (Davies et al. 2001) 75 1993-1999 OID 26.7 5.3 8.0 37.3 17.3 5.3
Asia
Japan (Hoshina et al. 2002) 224 1993-1997 ND 17.0 11.2 6.7 38.4 4.0 2.7 13.8 6.3
Israel (Bisharat et al. 2005) 50 2000 LA 20.0 4.0 8.0 38.0 18.0 2.0 10.0
Oceania
New Zeaand (Zhao et al. 2008) 105 1994-2005 PCR 29.0 12.3 10.4 35.1 19 84 19
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Table 2.3: Serotypedistribution of late-onset invasive disease in infants

Countries no of Y ear Typing la Ib I 11 v \% VI, NT
isolates method % % % % % % VILVIII %
%
Africa
Morocco (AitMhand et al. 2000) 8 1992-1993 LA 375 25.0 375
South Africa(Madhi et al. 2003) 37 1997-1999 | ELISA 24.3 75.7
Malawi (Gray et al. 2007) 28 2004-2005 LA 20.0 4.0 4.0 72.0
Europe
France (Lamy et al. 2006) 31 1990-2005 LA 100
Spain (Martins et al. 2011) 89 1994-2009 LA 17.0 6.0 1.0 72.0 1.0 2.0 1.0
Sweden (Berg et al. 2000) 14 1995-1996 TS 7.0 93.0
Iceland (Oladottir et al. 2011) 34 1995-2006 LA 19.2 7.7 61.5 3.8 7.7
Netherlands (Trijbels-Smeulders et al. 2006) 56 1997-1999 TS 125 18 1.8 73.2 1.8 18 7.1
Sweden (Persson et al. 2004) 10 1998-2001 TS 10.0 60.0 10.0 20.0 0
UK (Weisner et al. 2004) 122 2000-2001 TS 17.0 7.0 2.0 67.0 5.0 0 2.0
Portugal (Martins et al. 2007) 22 2000-2002 TS 22.7 4.5 0 63.6 4.5 0 4.5
Germany (Fluegge et al. 2005) 124 2001-2003 TS 11.3 4.0 1.6 76.6 0 6.4 0
France(Poyart et al. 2008) 70 2006-2007 PCR 7.1 7.1 0 82.9 0 29 0
USA
Georgia (Blumberg et al. 1996) 17 1992-1993 CP 23.0 6.0 0 71.0 0 0 0
Maryland(Harrison et al. 1998) 47 1992-1993 CP 234 4.3 2.1 61.7 0 6.4 2.1
North America
Canada (Davies et al. 2001) 43 1995-1999 OID 2.3 4.7 0 814 0 9.3 2.3
Asia
Japan (Hoshina et al. 2002) 58 1993-1997 | ND 6.9 12.1 0 77.6 0 17 17
Oceania
New Zealand (Zhao et al. 2008) 154 1994-2005 PCR 24.0 135 1.0 48.1 1.0 125
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[ Indicates region where there was no serotype data from colonization and invasive disease

[ !ndicates region which has serotype distribution data from colonization and invasive disease
[ ndicates region which only has serotype distribution data from invasive disease
I ndicates region which only has serotype distribution data from colonization

Africa (n=7)
1a=13.4%%29.5%"
1b=6.6/7.3
111=29.6/47.4

Asia (n=17)
la=15.5/18.5
1b=8.2/7.6
111=21.0/38.2

Oceania (n=2)
1a=21.2/29.0
1b=19.2/12.5
111=28.8/35.1

Europe (n=23)
1a=20.7/27.7
1b=11.4/7.9
[11=27.9/56.5

USA (n=8)
1a=26.7/37.4
1b=8.9/7.4
111=23.7/30.4

N/America (n=3)
1a=13.4/29.5
1b=6.6/6.1
[11=29.6/47.4

S/America (n=3)
1a=39.4/17.4
1b=12.0/23.9
111=38.6/4.3

Figure 2.1: Regional distribution of serotypesincluded in the group B streptococcus trivalent vaccine
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2.7 Pili

Pili are long proteinaceous filaments that were historically associated with gram-
negative bacteria such as Escherichiae coli and Neisseria species (Sauer et al. 2000;
Silverman 1997; Taha et al. 1998; Virji et al. 1993). They have been recently described
in gram positive organisms including C. diphtheria (Ton-That & Schneewind 2003),
GAS (Mora et al. 2005), and S. pneumoniae (Barocchi et al. 2006). Pili are important in
establishing successful colonization and invasion of the respiratory, urinary and intestinal
tract. Pili in gram-positive bacteria are formed by polymerized proteins, and these
proteins have an N-linked conserved signal peptide LPXTG motif on the C-terminal

(Gaspar & Ton-That 2006).

2.7.1 Pili in Group B streptococcus

Three pilusidlands (PI-1, PI-2a, and PI-2b) have been identified in GBS isolates
(Rosini et al. 2006). Each pilus island houses genes that encode three LPXTG motif
carrying proteins, namely backbone protein (BP), two ancillary proteins (AP1 and AP2)
and two sortase enzymes (Margarit et al. 2009; Nobbs et al. 2008); Figure 2.2. Pilus
island-1 and Pl-2a were the first to be identified. Subsequent analysis of eight sequenced
GBS genomes revealed an additional pilusisland (PI-2b), an alele of Pl-2a, which varies

with respect to gene organization and sequences; Figure 2.2.
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In A (PI-1), GBS80 represents the BP, while the other two pili structures, GBS104 and GBS52 are AP1 and AP2 respectively. In B
(Pl1-2a), GBS59 represents BP whereas GBS67 and GBS150 are AP1 and AP2 respectively. In B (PI-2b), SAN1518 represents BP and

SAN1519 and SAN1516 are AP1 and AP2 respectively.

Figure 2.2: Schematic representation of group B streptococcus pilusisland regions

Genes coding for LPXTG-containing proteins are represented with orange arrows,
whereas transcriptional regulators are in green and conserved flanking genes are in grey.
Genes coding for the sortase enzymes are in black, while a signal peptidase is present in
Pl-2b (yellow arrow). In PI-1, transposable elements are also present (blue arrows) as

well as interrupted or frame-shifted genes (white arrows) (Rosini et al. 2006).
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2.7.2 Pilusidand-1

Analysis of sequences from a large panel of GBS strains showed that genes
coding for the respective proteins were relatively conserved across different strains.
There were, however, minor sequence variability amongst investigated strains including
amino acid substitutions and point mutations resulting in frame-shifts and premature
termination in BP and AP-1 (Margarit et al. 2009). The BP and AP-1 of PI-1 were found
to be highly exposed on the surface of the bacteria, whilst AP-2 was unexposed, this was
evident when mouse antisera raised against AP-2 failed to stain the bacterial surface
(Rosini et al. 2006). Immunization of mice with BP and AP-1 were found to confer
protection against virulent GBS strains, and as expected AP-2 immunization did not
confer any protection. The protection offered by BP and AP-1 antibodies can be
attributed to the relative abundance of these two antigens on the bacterial surface (Maione

et al. 2005; Margarit et al. 2009).

2.7.3 Pilusisland-2a

The BP and AP-1 were implicated in phagocyte resistance and systemic virulence
in the mouse model. Additionally, AP-1 contributes to GBS adherence whilst BP is
implicated in the invasion of the human brain endothelia cells (Maisey et al. 2007). The
BP is also associated with GBS translocation of differentiated epithelia cells (Pezzicoli et
al. 2008). Genes encoding for the BP of Pl-2a are sub-classified into six magor variants
with sequence identities ranging from 48% to 98% (Margarit et al. 2009). DNA sequence

analysis of the genes coding for structural components of Pl-2a showed that AP-1 and
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AP-2 were well conserved, with the exception of BP, which is grouped into six main
different immunologicaly variants (Margarit et al. 2009). Mice immunization with the
BP of Pl-2a showed variant specific protection, which questioned the prospects of this
target as a vaccine epitope. In an attempt to resolve this limitation, a structural
vaccinology approach to design a synthetic protein with multivalent activity was

developed (Nuccitelli et al. 2011).

2.7.4 Pilusidland-2b

Pilus island-2b occupies the same position of the GBS genome PI-2a and thus
never occurs in the same isolate. Unlike PI-2a, the DNA sequence analyses of the three
structural proteins of PI-2b have been shown to be highly conserved among GBS bearing
PI-2b isolates. The level of protection against GBS strains carrying Pl-2b correlated with
the surface antigen exposure, i.e. both BP-2b and AP1-2b were found to induce island
specific protective antibodies (Margarit et al. 2009). This observation suggests that BP
and AP-1 from al three pilus islands elicit protective antibodies in vivo against GBS

strains expressing corresponding antigens.

2.7.5 Group B streptococcus pilusislands distribution

Considering that the identification of pili in GBS isa recent discovery (Lauer et
al. 2005; Rosini et al. 2006), there is limited data regarding GBS pilus island distribution
in colonizing and invasive disease isolates. Knowledge of the prevalence of pilus islands

in GBS isolates is limited to two studies which reported that all GBS strains carried at
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least one of the three pilus islands and all isolates had either PI-2a or its variant PI-2b

(Margarit et al. 2009; Martins et al. 2010).

A study by Margarit et al, 2009 provided more insight on the type of pilusislands
associated with colonization and invasive disease based on the identification of the three
proteins specific for each island. It was reported that dissimilar to the serotypes, in most
circumstances the majority of GBS isolates expresses or carries more than one pilus-
island. The most common pilus island carried alone was PI-2a, accounting for 33.3% and
26.4% of colonizing and invasive disease isolates respectively, whereas PI-2b alone was
identified in 1.4% of invasive disease isolates. Pilus island-1 was identified together with
either PI-2a or PI-2b in colonizing (55.6% and 11.1%, respectively) and invasive disease
(45.4% and 26.8%, respectively) isolates. No significant differences were reported in

pilusisland distribution for isolates causing EOD and LOD (Margarit et al. 2009).

In a study from Portugal, the distribution of pilus islands was not stratified by the
source of isolation nor the onset of disease (Martins et al. 2010). Sortase enzyme coding
genes specific for each island was used for the identification of three pilusislands. Pilus
island-2awas identified in al isolates alone (40.7%) or in combination with PI-1 (59.3%)
and no isolates carried PlI-2b. Despite the use of different genes for the identification of
the pilus islands, the two studies consistently showed al isolates carried at least one of
the PI-2 alleles. The ubiquitousness of PI-2 in GBS isolates can be explained by its
importance in biofilm formation, a process important for the persistence of GBS

colonization (Rinaudo et al. 2010).
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It has become apparent that over the years GBS has evolved mechanisms by
which it expresses other novel virulence factors such as the pili. Depending on the pilus
island carried by an isolate, a correlation between a pilus island and capsular serotype
was established. The relationship between pilus island and capsular serotype has been
reported by both of the above studies (Margarit et al. 2009; Martins et al. 2010).
Association between capsular serotypes and pilus islands showed that majority of
serotypes represent a two pilus combination. For example, serotype Ib (85.7%), and V
(95.7%) were significantly associated with a combination of Pl-1 and Pl-2a, whilst
serotype I11 (68.9%) was significantly associated with a combination of PI-1 and PI-2b.

The magjority of serotype la(91.0%) carried Pl-2a alone (Margarit et al. 2009).

Consistent with the previous study by (Margarit et al, 2009), a study by (Martins
et al, 2007) reported 90.0% of serotype la isolates to have carried PI-2a alone, whilst all
serotype Ib and 90% of serotype V isolates carried a combination of Pl-1 and Pl-2a.
Although there were minor inconsistencies between the two studies the similarities were
sufficient to confirm that the presence of a particular pilus island was largely dependent
on the capsular serotype. The relationship between capsular serotype and pilus-island is
of importance regarding the proposed vaccine exclusively congtituted by pilus
components of the three pilusislands. On the basis of the effectiveness of functional pilus
specific antibodies in mouse models, a pilus based vaccine composed of AP-2 of each

pilusisland can theoretically confer protection against all isolates of GBS.
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2.8 Hypervirulent group B streptococcus adhesion

Hypervirulent GBS adhesin (HvgA) is a surface protein, and harbors an LPXTG
motif that enables covalent attachment to the cell wall in a sortase dependent manner.
Genes encoding HvgA are located within a genomic locus (ghs2018 allele C), there are
three allelic forms or clusters of ghs2018 (A, B and C) (Lamy et al. 2006). The flanking
genes from each alele display >90% sequence identity whereas their internal parts vary
considerably; Figure 2.3. Isolates that belong to a particular sequence type lineage are
associated with a certain alelic cluster, for example, HvgA is a ST-17 specific surface
protein, thus because of an association between HvgA and ST-17, cluster C comprises
isolates belonging to ST-17. Cluster A comprises the isolates belonging to ST-19 and ST-
23, whilst cluster B includes multiple sequence types (ST-1, ST-2, ST-6, ST-8, ST-9, ST-

10 and ST-41) (Lamy et al. 2006).

The pathogenic importance of HvgA has been extensively studied because of its
greater disease causing potentia. The hyper adherence role of HvgA was first
demonstrated by the low adherence of HvgA non-expressing isolates to the intestinal and
blood brain barrier. Moreover it was further shown that HvgA mediates gut colonization

and translocation across intestinal barrier (Tazi et al. 2010).
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Figure 2.3: Schematic representation of genes encoding ghs2018 mosaic variants
Segments with identical nucleotide sequences are depicted by the same color. The 5’
segment (S1) encodes the signal peptide and the 3 segment (S8) encodes the sorting

signal made of the LPXTG motif (Lamy et al. 2006).
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2.9 Group B streptococcus molecular epidemiology

A combination of phenotypic classification and molecular typing has been
successfully used in epidemiological investigations of GBS to study clona lineages
associated with colonization or invasive disease (Savoia et al. 2008; Toresani et al.
2001). A diverse range of molecular techniques have been applied to determine the
population structure of GBS, including pulse field gel electrophoresis (PFGE) (Gordillo
et al. 1993) restriction digest pattern (RDP) (Nagano et al. 1991) and multilocus sequence

typing (MLST) (Jones et al. 2003).

Multilocus sequence typing has several advantages over restriction digest based
molecular typing techniques in that it uses standardized protocols, and provides specific
data on single nucleotide changes rather than crude estimates of approximate fragment
length. Furthermore, the MLST data from different laboratories can be stored and

compared on an open access online database (http://pubmist.org/agalactiae/), and hence it

has become the preferred method to compare the genetic relatedness of GBS isolates

(Cooper & Feil 2004).

Multilocus sequence typing has been successfully used to characterize the clonal
diversity of a number of human bacterial pathogens including Neisseria meningitides and
S pneumoniae (Brueggemann et al. 2003; Maiden et al. 1998). Multilocus sequence
typing is based on the DNA sequencing of seven housekeeping GBS genes, which
include a cohol dehydrogenase (adhP), phenylalanyl tRNA synthetase (PheS), amino acid
transporter (atr), glutamine synthetase (glnA), serine dehydratase (sdhA), glucose kinase
(glcK) and transkelotase (tkt) (Jones et al. 2003). The sequence polymorphisms at each
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locus are classified and each alleleis given anumber. The combination of allelesfound in
each isolate defines the sequence type, and sequence types having alelic profiles that
share at least five or six identical alleles are grouped within a particular clonal complex

(CC) (Spratt et al. 2004).

There is, however, limited information from industrializing countries on the
genetic relatedness between colonizing and invasive GBS isolates; and the relationship
these isolates have with those from industrialized countries. The majority of studies
which identified the clona lineages among isolates responsible for either colonization or
invasive disease were performed on isolates from Europe and the USA (Bergseng et al.
2009; Bohnsack et al. 2008; Davies et al. 2004; Fluegge et al. 2011; Jones et al. 2006b;

Luan et al. 2005; Manning et al. 2008; Salloum et al. 2011; Tien et al. 2011).

2.9.1 Multilocus sequence typing population of mater nal and neonatal colonizing

group B streptococcus

Based on the MLST data, a number of different sequence types (STs) have been
described in maternal and neonatal colonizing GBS isolates. Despite variability in the
proportionality of clonal lineages, molecular characterization of GBS colonizing isolates
has shown a limited number of major sequence types as associated with colonization
regardless of geographical and epidemiological distinction (Bohnsack et al. 2008;
Marchaim et al. 2006). There are four mgjor MLST defined genetic lineages (ST-1, ST-
17, ST-19 and ST-23), with ST-1 and ST-19 being responsible for over 80% of sequence

typesin colonizing isolates (Jones et al. 2003).

40



It is challenging to compare the GBS population on the basis of described
sequence types, as single adlele variability may reflect a different lineage. Hence, related
sequence types are grouped within particular clona complex. A number of common
sequence types make up a clonal complex, for example CC-1 is composed of ST-1, ST-
139 and ST-2; CC-17 includes ST-17, ST-31, ST-32 and ST-109; CC-19 includes ST-19,

ST-27 and ST-107; and CC-23 encompasses ST-23, ST-24 and ST-114.

Four clonal complexes (CC-1, CC-17, CC-19 and CC-23) account for the majority
of colonizing isolates; Table 2.4. Collectively, they are associated with 63.7% in Europe,
74.4% in the USA, 65.8% in Africa, 69.0% in Canada and 72.2% in the Middle East
(Bohnsack et al. 2008; Brochet et al. 2009; Davies et al. 2004; Fluegge et al. 2011; Jones
et al. 2003; Manning et al. 2009; Marchaim et al. 2006; Sadowy et al. 2010). These
findings indicate that GBS is less diverse, more particularly when one considers the
clonal diversity of other bacterial pathogens such as S pneumoniae and GAS

(Brueggemann & Spratt 2003; Enright et al. 2001).

Tempora variations with respect to the most common clonal complex associated
with maternal colonization may exist within geographic regions. In Canada, (Davies et
al., 2004) reported CC-1 and CC-23 as the common clonal complexes accounted for
53.0% of isolates, whereas, in a later study (Manning et al, 2009) reported a low

prevalence of both CC-1 (3.6%) and CC-23 (1.8%).

Furthermore a study from Canada that determined whether distinct clones were
associated with different stages of colonization, compared genotypic diversity of GBS

from colonized women before and after delivery (Manning et al. 2008). It was reported
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that there is an association between particular clones and their tempora association to
pregnancy. For example, CC-10 was significantly associated with GBS clearance, whilst
CC-17 and CC-19 were associated with persistent colonization after pregnancy (Manning
et al. 2008). This finding explains the preponderance of both CC-17 and CC-19 in GBS
isolates, suggesting that specific sequence types are less likely to be eradicated after

acquisition and therefore more likely to be transmitted to the newborn during birth.

A study from Africa that characterized isolates collected from Senegal and
Central African Republic showed genotypic overlap between the two regions. In Senegal,
CC-1 (32.0%) was significantly higher compared to the Central African Republic
(10.2%). In contrast, CC-19 (43.2%) was significantly more common in the Central
African Republic compared to Senegal (12.0%; P<0.0001). Despite some differences in
the population of colonizing isolates circulating in Senegal and Central African Republic,
there was some similarity between the two countries, such as the detection of a rarely
described CC-26, in 20.0% and 11.4% of isolates from Senegal and Central African

Republic, respectively.

It has generally been reported that the prevalence of CC-17, which is mostly
associated with invasive disease, remains modest in GBS isolates from colonized
pregnant women; Table 2.5. In contrast, a study by Davies et al, 2004 found no
significance difference in the relative frequency of CC-17 when comparing invasive and
colonizing isolates (P=0.80). The higher proportion of CC-17 in colonizing isolates from
a Canadian study could be attributed to only serotype Ill isolates having been
characterized. The association between serotype-lll and CC-17 has been widely

documented by others (Lamy et al. 2006; Luan et al. 2005; Tien et al. 2011).
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Table 2.4: Global group B streptococcus clonal complexes distribution in maternal and neonatal colonizing isolates

L ocation and reference

Year of study

Source

no of isolates

Clonal Complex (%)

Comment

USA

(Bohnsack et al. 2008)

1995-1999

Colonized
neonates

770

CC1 (16.0)

CC12 (9.1)

CC17 (11.9)
CC19(17.9)

CC23 (40.5)
Others/singletons (4.5)

Canada
(Davies et al. 2004)

1995-1999

Pregnant
women

55

CC1 (3.6)
CC17 (30.9)
CC19 (63.6)
CC23 (1.8)

Included only capsular
serotype 11 isolates

Poland
(Sadowy et al. 2010)

1996-2005

Maternal
colonized

14

CC1 (35.7)
CC17 (7.1)
CC 19 (28.6)
CC23 (28.6)

Canada
(Manning et al. 2009)

1998-2000

Pregnant
women

232

CC1 (28.0)

CC12 (18.0)

CC17 (6.0)
CC19(17.0)

CC23 (25.0)
Others/singletons (6.0)

UK
(Jones et al. 2006b)

2000-2003

Pregnant
women

190

CC1 (20.5)
CC10(17.4)

CC17 (12.1)

CC19 (20.0)
CC23(23.2)
Others/singletons (7.1)

Germany
(Fluegge et al. 2005)

2001-2003

Colonized
Neonates

46

CC1 (4.3)
CC17 (30.4)
CC19 (50.0)

MLST performed only in
serotype 11 isolates
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Location and reference | Year of study | Source No of isolates | Clonal Complex (%) Comment
Germany 2001-2003 Colonized 46 CC23 (6.5) MLST performed only in
(Fluegge et al. 2005) Neonates Others/singletons (8.8) serotype 11 isolates
Senegal 2005-2006 Pregnant 75 CC1 (32.0)
(Brochet et al. 2009) women CC17 (17.3)

CC19 (12.0)

CC23(16.0)

CC20 (20.0)

Others/singletons (2.7)
Central African 2005-2006 Pregnant 88 CC1(10.2)

women CC10(9.1)

Republic CC17 (6.8)

CC19 (43.2)
(Brochet et al. 2009) CC23(17.0)

CC26 (11.4)

Others/singletons (2.3)
Israel 2000 Materna 72 CC1 (58.3)
(Marchaim et al. 2006) colonized CC17 (9.7)

CC22 (15.3)

CC23(13.9)

Other/singletons (2.8)




2.9.2 Multilocus sequence typing population of invasive disease group B

Streptococcus

There are not many studies that have determined the prevalence of clonal
complexes in EOD and LOD independently (Bohnsack et al. 2008; Davies et al. 2004,
Lamy et al. 2006; Saloum et al. 2011; Tien et al. 2011). Available data, however,
suggests that CC-17 and CC-23 are responsible for most of EOD and LOD, suggesting
that invasive disease is caused by a limited set of clonal lineages which are similar to

those associated with maternal colonization (Jones et al. 2006b).

Clona complex-17 has consistently been found to be associated with invasive
disease; Table 2.5, indicating intrinsic genetic properties of CC-17 isolates to cause
invasive disease regardless of timing of onset of disease or geographic location (Bisharat
et al. 2005; Jones et al. 2003). In EOD isolates, CC-17 accounted for between 17.0% in
Canada (Manning et al. 2009) to 67.1% in France (Salloum et al. 2011). A higher
proportion of LOD is associated with CC-17 compared to EOD, with prevalence ranging
from 38.1% in Norway (Bergseng et al. 2008) to 81.6% in Italy (Imperi et al. 2011). The

limitation for thisanalysisis that not all studies had both EOD and LOD isolates.

In both EOD and LOD, CC-17 is dominated by ST-17, which is of bovine origin
(Bisharat et al. 2004). Sequence type-17 has been identified as having enhanced
invasiveness in neonates (Jones et al. 2006b). The high virulence abilities of ST-17 clone
has been attributed to the genomic locus (ghs2018C) that encodes a cell wall anchored

protein HvgA (Lamy et al. 2006). Gbs2018C has been exclusively found in ST-17
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isolates and the gene encoding for ghs2018C is being used as a rapid detection for this
highly virulent GBS clone (Lamy et al. 2006). Genes coding for HvgA was present in
(40/156; 25.6%) of GBS isolates, and all HvgA positive isolates were confirmed as ST-17

by MLST (Lamy et al. 20086).

Clonal complex-19 is more common among EOD than in LOD isolates; Table
2.5. The prevalence of CC-19 in EOD corroborates that maternal colonization is the
major risk factor for EOD development. The overall prevalence of CC-19 in EOD ranged
between 5.8% in France to 57.1% in Canada (Davies et al. 2004; Salloum et al. 2011),
whilst in LOD it is prevalent between 5.3% in Italy and 20.0% in Canada isolates (Imperi
et al. 2011; Manning et al. 2009). Clonal complex-19 is dominated by a single genetic
lineage (ST-19), accounting for over 72.0% of all of CC-19 sequence types with the
remainder being other sequence types (Bohnsack et al. 2008; Jones et al. 2003). Clond
complex-23 also lacks diversity in sequence types representation and >87% of this clonal

complex is comprised of ST-23.
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Table 2.5: Global group B streptococcus clonal complexes distribution associated with early and late onset infant invasive

disease
L ocation Year of Source No of isolates Clonal Complex Reference
study
EOD (%) LOD (%)
*Sweden 1988-1997 | Infants 102 CC1(11.8)
(Luan et al. 2005) CC17 (33.3)
CC19 (28.4)
CC23(14.7)
Other/singletons (11.8)
USA 1995-1999 | Neonates | 129 CC1(18.6)
(Bohnsack et al. 2008) CC12(11.6)
CC17 (17.8)
CC19(10.2)
CC23(36.4)
Others/singletons (5.4)
*Canada 1995-1999 | Infants 28 CC17 (35.7) MLST performed only in
(Davieset al. 2004) CC19(57.1) serotype 111 isolates
CC23(7.1)
Canada 1995-2002 | Infants 181 CC1 (19.0) CC1(8.0)
(Manning et al. 2009) CC12 (8.0) CC12 (11.0)
CC17 (17.0) CC17 (57.0)
CC19 (27.0) CC19 (20.0)
CC23 (24.0) CC23(4.0)
Other/singletons (5.0)
UK 2000-2003 | Neonates | 190 CC1(25.0)
(Jones et al. 2006h) CC10 (10.9)
CC17 (26.6)
CC19 (17.2)
CC23(15.6)
Others/singletons (4.7)
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L ocation Year of Source | No of isolates Clonal complex Reference
study
EOD (%) LOD (%)
*Taiwan 2001-2004 | Infants 17 CC1(59
(Tienet al. 2011) CC12 (11.8)
CC17 (41.2)
CC19 (17.6)
CC23(23.5)
Germany 2001-2003 | Infants 185 CC17 (66.7) CC17 (79.8) MLST performed only in
(Fluegge et al. 2011) CC19(22.9) CC19(13.5) serotype 11 isolates
CC23(6.3) CC23(2.2)
Other singletons (3.1) Other singletons (4.5)
*France 2003 Infants 67 CC1(4.5)
(Saloum et al. 2011) CC17 (67.1)
CC19 (5.8)
CC23(13.49)
Others/singletons (9.0)
Italy 2005-2008 | Infants 75 CC1(13.5) CC17 (81.6)
(Imperi et al. 2011) CC17 (48.6) CC19 (5.3)
CC19 (10.8) CC23(2.6)
CC23(13.5) Others/singletons (10.5)
Others/singletons (13.5)
Norway 2006-2007 | Infants 96 CC1 (31.5) CC1 (21.4)
(Bergseng et al. 2009) CC17 (25.9) CC17 (38.1)
CC19 (20.4) CC19 (14.3)
CC23(3.7) CC23(14.3)
Others/singletons (18.5) Others/singletons (11.9)

€€ Clonal complex, " included infants younger than 3 months, * included infants younger 7 days
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2.9.3 Distribution of clonal complex among colonizing and invasive capsular

serotype

Certain clonal complexes, including CC-17, CC-19 and CC-23, are confined
within particular capsular serotypes (Bergseng et al. 2008; Bohnsack et al. 2008;
Manning et al. 2009; Martins et al. 2007). The correlation has been observed in isolates
responsible for both colonization and invasive disease. Over 90.0% of isolates belonging
to CC-17 and CC-19 are associated with serotype 111 and at least 90.0% of CC-23 isolates
are associated with serotype la (Bohnsack et al. 2008; Imperi et al. 2011; Jones et al.
2006b; Luan et al. 2005). Until recently, CC-17 was the only clonal complex exclusively
associated with serotype I11, however, a recent report has identified serotype IV to be
also associated to CC-17 (Bellais et al. 2012). Comparative anaysis of serotype IV
isolates belonging to CC-17 showed that they share more genes to strains representing
serotype |11, suggesting the capsular switch may have occurred due to selective pressure

imposed by host immune factors.

There is, however, some degree of variability between the proportion of
colonizing and invasive disease isolates of serotypes |11 which are grouped either to CC-
17 or CC-19. The maority of serotype I11 invasive isolates (56.4%-73.1%) are associated
with CC-17 whereas 18.8%-21.8% of serotype I1l colonizing isolates are grouped within
CC-19 (Brochet et al. 2009; Jones et al. 2003; Salloum et al. 2011). In contrast, 95% and
66.7% of serotype Il isolates from Central African Republic and Senegal respectively
belonged to CC-19. Isolates representing serotype la irrespective of whether they are

colonizing (68.7%-96.4%) or invasive isolates (66.6%-84.0%) are predominantly
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grouped under a single clonal complex, i.e. CC-23 (Brochet et al. 2009; Imperi et al.

2011; Jones et al. 2003; Salloum et al. 2011).

There are differences in association between certain clona complexes and
capsular serotypes, for example, CC-1 and CC-10 are composed of isolates of varying
serotypes and the reason for this is unknown. Clonal complex-1 comprises of isolates
representing mostly serotypes Ib, 11 and V, the association of serotypes Ib, Il and V in the
same clonal complex is interesting considering the difference in their invasive potential
and prevalence. Clonal complex-26 which is rarely reported was found in Senegal and in
the Central African Republic, and in both countries it was associated with serotype V.
This observation, however, implies a distinct geographical lineage corresponding to
serotype-V, asin Europe and USA serotype-V was associated with CC-1 (Bohnsack et al.

2008; Jones et al. 2006b).
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Chapter 3 Materials and Methods

3.1 Ethical consideration

Signed informed consent for collection of the isolates was obtained from study
participants of the Prevention of prenatal sepsis (PoPS) trial (HREC number M030207)
and the sepsis surveillance triadl (HREC number M031007) which were approved by the
Human Research Ethics Committee (HREC) on Human Subjects at the University of the
Witwatersrand. The PoPs trial was registered in ClinicaTrias.gov (Tria number
NCT00136370). Analysis of the GBS isolates for this study was approved by the HREC

(MMO080366).

3.2 Study population

The study was conducted at a secondary-tertiary care hospital (Chris Hani-
Baragwanath Hospital; CHBH) which provides health care to an urban population of 1.5
million indigenous Africans living in Soweto, South Africa. There are approximately 28
000 births annually in Soweto, 75% are born at CHBH and the remainder at one of seven
surrounding primary health care clinics. The mgority of Soweto children requiring

hospitalization are admitted to CHBH.

Group B streptococcus isolates from mother-newborn dyads were identified from
participants involved in the PoPS trial undertaken a8 CHBH between April 2004 to
October 2007 as reported (Cutland et al. 2009). Briefly, mothers were randomized during
active labor to receive either intra-vaginal chlorhexidine washes (0.5%) or external
genitalia wipes with water (placebo) to evaluate the efficacy of 0.5% chlorhexidine wipes

of the birth canal during labor and of the infant at birth in reducing: i). Vertica
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transmission of leading pathogenic bacteria from mother to child during labor and
delivery; and ii). Incidence of early-onset neonatal sepsis and maternal peripartum
infections. Vaginal swabbing with a sterile Dacron swab was undertaken prior to
initiation of the study-intervention, and swabs were obtained from the newborn’s ears,
nose and umbilicus shortly after birth. The swabs were transported in Amies transport
medium without charcoal (Medica Wire, MW170) and processed with standard

microbiology techniques as described in 3.2.1-3.2.3.

The PoPS study concluded that intra-vaginal chlorhexidine wipes were not
associated with any reduction in vertical acquisition of GBS in the newborns (Cutland et
al. 2009). Evaluation of isolates in the current study was, nevertheless, limited to mother-

newborn dyads who had been randomized to the placebo arm of the PoPS trial.

In addition, prospective surveillance of infant sepsis at CHBH was undertaken
from January 2004 to December 2008. GBS isolates from blood and CSF from infants
with invasive disease, identified as part of routine medical care, were retrieved from the

laboratory.
3.3 Bacterial isolates, identification and growth conditions

Maternal lower vaginal swabs and neonatal skin swabs were inoculated onto three
different media: 5% horse blood agar, CNA agar 5% horse blood with 10ug/ml colistin
and 15pg/ml nalidixic acid and Todd-Hewitt broth (2ml) supplemented with 8ug/ml
gentamicin and 15ug/ml nalidixic acid followed by inoculation onto 5% horse blood
agar. The plates and the broth were incubated overnight at 37°C in 5% CO, incubator

(Sanyo Electric Biomedical, Japan). The identity of GBS was confirmed by
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microbiological assays described in 3.3.1-3.3.3. Group B streptococcus positive isolates
were stored at -70°C in a broth containing skim milk, tryptone, glucose and glycerol
(STGG) at the Respiratory and Meningea Pathogens Research Unit (RMPRU),
Johannesburg, South Africa, where serotyping, pilus isand identification and MLST
characterization was subsequently undertaken. Reference strains used in this study are

listed in Table 3.1

Table 3.1: Group B Streptococcusreference strains used in this study

Strain Serotype | Pilusidand | GBS2018
SS-6152 la

SS-6182 b

SS-619% [

SS-6202 1

SS-1243?2 AV

SS-11682 Vv

SS-13542 VI

SS-1355% VIl

SS-13562 VIl

27412° 1X

2603V/R° Vv Pl-1+ Pl-2a | Allde A
COH1 [/1a Pl-1+ PI-2b | AlleleC
A909° la Pl-1 + PI-2b

Saureus 25923°

Enterococcus faecalis 29212°

%CDC, "Statens Serum Institut (SSI) American type culture collection (ATTC)

3.3. 1 CAMP test

The hemolytic activity of staphylococcal 3-lysin on red blood cells is enhanced by
an extracellular factor produced by GBS called the CAMP factor as shown in Figure 3.1,
wherever the zone diffusion of the two enzymes overlap in sheep blood agar, a (-

hemolytic reaction occurs. Briefly a single streak of Staphylococcus aureus (S. aureus)
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was made on the middle of a sheep blood agar plate, positive (GBS), negative control (E.
faecalis) and test isolates were also streaked out on either side, 5mm away and
perpendicular to the S. aureus streak as shown in Figure 3.1. The plate was incubated at
37°C with 5% CO, for 18-24 hours. Group B streptococcus positive isolates produced a
zone of complete lyses in the shape of an arrowhead at the junction of the streak line. In
contrast the E. faecalis showed no enhanced hemolytic reaction near junction of the two

organisms.

-ve control Q +ve control AR

test streak

Figure 3.1: CAMP test indicated by the formation of an arrowhead of B-hemolysis at

thejunction of group B streptococcus and staphylococcal -lysins

3.3.2 Bileesculin test

The bile esculin test is used to differentiate E. faecalis from bile intolerant species
(i.e. GAS, S aureus and S. pneumoniae) and furthermore those that are bile tolerant but

cannot hydrolyze esculin including GBS (Chuard & Reller 1998). Briefly the bile esculin
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agar plate was divided into quadrants, a GBS and E. faecalis controls colony were
streaked along with the test isolates onto different quadrants of the bile esculin agar plate.
The plate was incubated at 37°C overnight with 5% CO, for 18-24 hours. A black ferric
precipitate indicates E. faecalis and growth with the absence of a black precipitate

indicates GBS, Figure 3.2.

Figure 3.2: Bileesculin test, blackened quadrant shows positivity for Enterococcus

faecalis and clear with growth quadrant shows negativity for group B streptococcus

3.3.3 Streptex agglutination test

The Lancefield grouping is used for the classification of streptococcal species,
and the grouping is based on the species specific polysaccharide cell wall antigen that

each streptococcus produces. Briefly 2-3 colonies were suspended into 400ul of
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extraction enzyme, and incubated for 10 minutes in a water bath at 37°C shaking every 5
minutes to release the polysaccharide from the cell wall. The extract was mixed with
strep B latex particles coated with group B streptococcal antigens (Omega Diagnostics,
Scotland, UK), and a positive reaction was recorded as any sign of agglutination within 1

minute.

3.3 Group B streptococcus capsule serotyping

Capsular serotyping was performed with the latex agglutination method as
described by (Slotved et al. 2003) with particles of latex coated with rabbit antisera
specific for GBS serotypes la, Ib and 11 to IX (SSI, Sweden). Briefly, a single colony of
GBS was inoculated into 5ml of Todd-Hewitt broth and grown overnight at 37°C with
5% CO,. Ten microliters of overnight culture was placed onto a glass microscope slide,

an equal amount of the antiserum was added and mixed with the bacterial culture.

A positive reaction was recorded as any sign of agglutination within 10-15
seconds for that particular serotype. Isolates that were reactive to sera against serotype ||
were further tested with sera against serotype V1 to test for cross reactivity. Isolates that
tested negative with all antisera were re-subcultured and confirmed as GBS by CAMP
test, bile esculin test and Streptex agglutination. Isolates that tested positive for CAMP
and Streptex agglutination, inability to hydrolyze bile esculin and negative with al type
specific antisera were designated as serologically non-typeable. Isolates designated as
non-typeable by latex agglutination were further characterized by a molecular capsular

typing assay as described in 3.4.
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3.4 Molecular capsular typing

3.4.1 Deoxyribonucleic acid extraction

DNA was extracted with the QlAamp DNA mini kit (Qiagen GmbH, USA). One
GBS colony sampled from a CNA agar plate was re-suspended in 500l of 1X phosphate
buffer saline (1XPBS). The tube was centrifuged at 5000g for 1 minute to pellet the
bacteria. One hundred and eighty microliters of 20mg/ml lysozyme was added to the
retained pellet, and incubated at 37°C for 1 hour to lyse the bacterial cell wall. Thereafter
20pl of Img/ml proteinase K and 200ul of buffer AL were added and the lysate was
incubated for 30 minutes at 56°C to digest and denature indigestible protein. The
supernatant was passed through a filter to remove proteinase K residues using 200ul of
absolute ethanol as an elution solution. The filtrate was pipetted into the QIAamp mini
spin column and centrifuged at 6000g for 1 minute. The filtrate was discarded and the
nucleic acids were washed with 500ul AW1 and AW?2 buffers at 6000g for 1 minute and
3 minutes respectively, 200ul of buffer AE was added to elute and recover the DNA at

6000g for 5 minutes. The DNA was stored at -20°C until use.

3.4.2 Polymer ase chain reaction (PCR) setup

Capsular typing was performed with a singleplex endpoint PCR method as
described by (Poyart et al. 2007) for serotypes la, Ib, II, IIl, IV and V with primer
sequences shown in Table 3.2. The genomic DNA was added to tubes containing a PCR
master mixture for individual capsular types; Table 3.3. Each master mix was tested with
an additional positive control consisting of DNA from a reference strain, and ano DNA
negative control. DNA amplification was carried out with a mastercycler gradient

thermocycler (Eppendorf, Germany) under the following cyclic conditions, initial
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denaturation at 94°C for 2 minutes, followed by 40 cycles of denaturation at 94°C for 30

seconds, annealing at 55.1°C for 30 seconds, extension at 72°C for 2 minutes and final

extension at 72°C for 10 minutes.

Table 3.2: Specific primer sequencesfor the detection of group B streptococcus

capsular typesla-V

Serotype Sequence (5’-3%) Amplicon
size(bp)

la Forward 5’-GGTCAGACTGGATTAATGGTATGC-3’ 1826
Reverse 5’-GTAGAAATAGCCTATATACGTTGAATGC-3’

Ib Forward 5’-TAAACGAGAATGGAATATCACAAACC-3’ 770
Reverse 5’-GAATTAACTTCAATCCCTAAACAATATCG-3’

I Forward 5’-GCTTCAGTAAGTATTGTAAGACGATAG-3’ 397
Reverse 5’-TTCTCTAGGAAATCAAATAATTCTATAGGG-3’

[l Forward 5’-TCCGTACTACAACAGACTCATCC-3’ 1826
Reverse 5’-AGTAACCGTCCATACATTCTATAAGC-3’

v Forward 5’-GGTGGTAATCCTAAGAGTGAACTGT-3’ 578
Reverse 5’-CCTCCCCAATTTCGTCCATAATGGT-3’

V Forward 5’-GAGGCCAATCAGTTGCACGTAA-3’ 701

Reverse 5’-AACCTTCTCCTTCACACTAATCCT-3’
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Table 3.3: Polymerase chain reaction setup for detection of group B streptococcus

serotypesla, Ib, Il and V

Reagents Stock 1reaction Final
concentration | (ul) Concentration
10X PCR Buffer 2X 2.5 1X
DNTPs 2mM 2.5 0.2 mM
Mgcl, 50mM 0.75 1.5 mM
Primer mix 10 uM 1 0.4 uM each
Platinum Tag 1.25 units 0.1
Nuclease free water 13.6
DNA template S
25

Table 3.4: Polymerase chain reaction setup for detection of group B streptococcus

serotypeslil and IV

Reagents Stock 1lreaction Final
concentration | (ul) Concentration
EconoTag Master Mix | 2X 125 1X
Primer mix 10pM 1 0.4 uM each
Nuclease free water 8.5
DNA template 2
25

3.4.3 Agarose gel electrophoresisand interpretation of the results

One percent agarose gels were prepared by boiling 1g of agarose (Molecular
Biology Grade, Méelford) in 100ml of Tris-acetic-EDTA (TAE) buffer (pH 8.0). The gel
was alowed to cool down to about 60°C before adding DNA intercalator 1mg/ml of
ethidium bromide and cast into a gel mould. The gel was alowed to set for at least 45
minutes after which the gel was submerged into the gel tank containing TAE buffer.

Three microliters of the PCR product was mixed with 1ul of the tracking dye and loaded
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into the wells of the gel. The gel was run at 100V with an Elpho power supply (Life
sciences, Austria) for 60 minutes. The PCR product was visualized by illuminating the
gel with ultraviolet (UV) light on a trans-illuminator (UVP, USA). The relative size of
the PCR products were determined by comparing them to a positive control band and the

1kb DNA ladder (Gene Ruler, Fermentas, Life Sciences: # SM0311).
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3.5 Pilusidand identification characterization

To identify the three pilus isand of GBS by PCR, we designed sets of primers
specific for each island targeting the AP-1 and AP-2. The primers were designed based

on the sequences of GBS strains as described in Figure 3.3

DNA sequences of the GBS pilus proteins were
accessed from Strepto-DB and Genbank database

|

PI-1 Pl-2a PI-2b
AP1- 2673bp AP1-2706bp AP1- 43050p
AP2- 924bp AP2- 927bp AP2- 6720p
BP- 1665bp BP- 2118bp BP-1509 bp

l

DNA sequences were analyzed by Bioedit software to
generate specific pilus proteins consensus sequence

l

Primer designed by Primer express were tested for
specificity by BLAST search on NICB

l

Pl-1, PI-2a and PI1-2b primers
AP1- Specific and conserved
AP2- Specific and conserved

BP- Non-specific but conserved

Figure 3.3: Design of group B streptococcus pilusislands primers
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3.6.1 Primer and probe design

Ancillary protein 1 was selected as a red-time PCR target, to identify and
discriminate between the three pilus islands. The ancillary protein was selected because it
was highly variable between different pilus islands and conserved within a particular
island. Oligonucleotide primers and Tag-Man flouregenic minor groove binding (MGB)
probes targeting the ancillary protein genes were designed with the Primer Express 3.0
software (Applied Biosystems, USA); Table 3.5: The selected primers and probes
targeting the ancillary proteins were validated with the NCBI primer blast search to
ensure that they were specific for each island. Isolates which tested negative for the AP-1
gene from the three pilus islands were re-amplified with a second set of primers

representing conserved regions of the ancillary protein 2; Table 3.5:

3.6.2 Sample preparation

Bacterial isolates were subcultured on CNA agar and incubated overnight at 37°C
with 5% CO,. One GBS colony was suspended in 300ul of nuclease free water and the
suspension was heated at 95°C for 10 min. The tubes were centrifuged at 9000g for 1

minute to pellet the cell debris. The resulting supernatant was stored at -70°C.
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Table 3.5: Group B streptococcus strains and accession number s used to design the

primersfor pilusisland identification

Pilusidland L ocus (gene tar get) and accession number
AP1 AP2

Pl-1 2603V/R (SAG0649) | 2603V/R (SAG0646)
CJB111 (SAM_0665) | CIB111 (SAM_0662)
NEM 316 (ghs0632) A909 (SAK_0777)
A909 (SAK_0780) COH1 (SAN_0699)
COH1 (SAN_0702) EU929429-EU929433

Pl-2a 2603V/R (SAG1408) | 2603V/R (SAG1404)
18RS21 (SAJ 1417) | 18RS21 (SAJ 1413)
NEM 316 (ghs1478) NEM 316 (ghs1474)
H36B (SAl_1512)

PI-2b COH1 (SAN_1519) EU929701-EU929710

EU929390-EU929393

Table 3.6: Oligonucleotide sequences of the primersand probesfor detecting

ancillary protein 1 and ancillary protein 2

Pilus Sequence (5°-3°) Amplicons
protein bp

Pl-1AP1 Forward 5’-GGTGAAACCCAAGATACCAATCA-3’ 82
Reverse 5’-CTTTGCCTAATGGTGTAGCATTGT-3’
Probe 5’-6FAM CACTTGGAAAAGTAATTG MGB-3’

PI-2aAP1 | Forward 5’-ACTGCGGTCCCAAGAGCTT-3’ 65
Reverse 5’-GATGGCCCAAATTTTCAAAGG-3’
Probe 5’-VIC AGCTTTCTTGGCTTTATT MGB-3’

PI-2bAP1 | Forward 5’-TCTATGCAGGTTGGCAAAAGGTA-3’ 59
Reverse 5’-TCGGCCTCCGTTTGGA-3’
Probe 5’-NED CATATCGTGTCAATATTG MGB-3’

PI-1AP2 | Forward 5’-CCGGGCTCATCCATGGGGACT-3’ 82
Reverse 5’-ACAGCAGTCTCTGCCTGTCCGA-3’

PI-2aAP2 | Forward 5’-ATGGTTCGTACTTTGGTCGTGCTT-3’ 137
Reverse 5’-TCGGCCTGTTTCAACTTTTCGCT-3’

Pl-2bAP2 | Forward 5’-ACCGGCTGAAGGTATTGTTGCGA-3’ 251
Reverse 5’-GCCACCATACTTGTCCAGTAAACGG-3’

63



3.6.3 Real-Time PCR for identification of genes coding for Ancillary protein-1

The detection of PI-2b was performed as a singleplex reaction whilst duplex
reaction was used for detection of PI-1 and PI-2a. PCR reactions were run on an AB-
7500 instrument (Applied Biosystems, USA). The reaction mixture (25ul) of PI-2b
consisted of 250nM of a probe, 900nM of each primer, 12.5ul of 10X TagMan universal
PCR Master Mix (Applied Biosystems, 4304437), 3.38ul of free nucleases water, and 4ul
of DNA template. The reaction mixture (25ul) for Pl-1 and Pl-2a consisted of 250nM of
probe of each target, 300nM of each forward primer, 110nM of each reverse primer,
12.5pl of 10X TagMan universal PCR Master Mix, 4ul of DNA template, and the final
volume was adjusted to 25ul with nuclease free water. Positive control consisting of
DNA from a reference strain and a no DNA negative control were added to respectively
check the presence of any PCR inhibitors and give an indication of false positive PCR.
DNA amplification was carried out under the following cyclic conditions, AmpErase
activation at 30°C for 2 minutes and Tag DNA polymerase activation at 95°C for 10
minutes followed by 40 cycles of denaturation for 15 seconds at 94°C and extension at

60°C for 1 minute.

3.6.3 Polymerase chain reaction for identification of genes coding for AP2

The PCR was run as a single reaction for each pilus island on a Mastercyler
gradient. The reaction mixture consisted 0.2uM of each primer, 12.5ul of 10X EconoTaq
Master mix (Ingaba Biotec, LU 630035-1), 1ul of DNA template and the final volume
was adjusted to 25pl with nuclease free water. DNA amplification was carried out under
the following cyclic conditions, initial denaturation at 94°C for 2 minutes, followed by 35
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cycles of denaturation at 94°C for 30 seconds annealing at 59.1°C for 1 minute, extension
at 72°C for 2 minutes and final extension at 72°C for 10 minute. Positive control
consisting of DNA from a reference strain and a no DNA negative control were added to
respectively check the presence of any PCR inhibitors and give an indication of false
positive PCR. The PCR products were visualized by 2% agarose gel electrophoresis as

described in 3.4.3.
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3.7 Multilocus sequence typing

Multilocus sequence typing of GBS is based on the sequencing of the seven
housekeeping genes (adhP, atr and gInA, PheS, sdhA, glcK and tkt) and despite its good
reproducibility and high discriminatory power MLST remains an expensive typing tool.
Due to cost constraints, maternal and newborn colonizing and infant invasive disease
isolates were pre-screened using the three most heterogeneous MLST housekeeping
genes (adhP, atr and glnA) and clustered according to the detected alleles; Figure 3.4.
Colonizing and invasive disease isolates were randomly selected from the pre-screening
clusters, and were further genotyped with four additional housekeeping genes (PheS,
sdhA, glcK and tkt) in order to categorize theisolatesin MLST derived sequence types, as
described previously (Jones et al. 2003). Where more than one serotype occurred within a
cluster, then isolates with the different serotypes were selected. This approach may,
however, lead to missing a few clonal lineages which may reduce the discriminatory
power if all MLST genes were analyzed. Notwithstanding these challenges, sequencing
of the three most heterogeneous core loci will provide areliable insight in the population

structure and remain applicable to the local epidemiology.

The gene encoding the GBS surface antigen ghs2018 has been shown to exist in
three distinct alelic forms (A-C). We sequenced this allele from a selection of invasive
disease and colonizing isolates with different sequence types to determine their

association with the different allelic forms of gbs2018.
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MLST database screened for
heterogenous alleles

A 4

Three aleles (adhP, atr, glnA) were identified

\ 4

Pre-screening and clustering of all isolates with 3
heterogenous MLST alleles (n=1175)

A 4

Characterization with the remaining four genes (PheS,
glcK, sdhA and tkt) was performed in isolates that were
representative of each cluster, and aso different
serotypes grouped in the same cluster were
characterized (n= 252)

A 4
The @gbs2018 locus was characterized by DNA
sequencing from each from a selected group of isolates
representing each sequence type (n=56)

Figure 3.4: Rationale and workflow for selection of group B streptococcusisolates

characterization by multilocus sequence typing and ghs2018 sequence typing

3.7.1 Deoxyribonucleic acid extraction

Total nucleic acid extraction was performed with the NucliSens easyMAG
instrument (bioMeriux, France). The Nuclisens easyMAG platform is intended for the
automated isolation (purification and concentration) of total nucleic acid (RNA/DNA)

from biological specimens. The Nuclisens easyMAG only isolate DNA from liquid
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specimen and the first step involves lyses of any cellular matter to release the nucleic
acids, i.e. bacteria, vira particle or fungi. The isolation process is initiated by the binding
of magnetic silica to the nucleic acids under high salt condition, increased temperature
allow the nucleic acid to be released from the magnetic silica and then recovered in an

elution buffer.

Briefly, GBS isolates were grown overnight on CNA agar plate at 37°C with 5%
CO.. One colony was suspended in 300ul of 1IXPBS, and 200ul of suspension was added
to the sample cartridge. The samples were incubated for 10 minutes with 500ul of
NucliSens easyMAG lyses buffer to lyse the bacteria and inactivate any nucleases.
Thereafter, 50ul of the NucliSens easyMAG magnetic silica was added. The magnetic
silicais then washed several times, a step that involved three buffers, buffer 1 (guanidine
Thiocyanate), buffer 2 (organic buffer and biocide solution), and buffer 3 (inorganic
buffer and biocide solution). Washed nucleic acids were eluted from the magnetic silica
and concentrated in an elution buffer under an elevated temperature and stored at -70°C

until required.

3.7.2 Multilocus sequence type and characterization of gbs2018 locus

Polymerase chain reaction was used to amplify fragments of GBS housekeeping
genes (adhP, pheS, atr, gInA, sdhA, glcK, and tkt) and ghs2018 allelic variants with
primers described in Table 3.7. The reaction mixture consisted of 0.40uM of each primer,
10X EconoTag Master mix (Ingaba Biotec, LU 630035-1), 1ul of DNA template and the
final volume was adjusted to 25ul with free nuclease water. The reactions conditions for

DNA amplification was carried out under the following conditions, DNA denaturation at
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94°C for 1 minute, followed by 35 cycles of denaturation at 94°C for 30 seconds,
annealing at 55°C for 30 seconds, extension at 72°C for 90 seconds and final extension at
72°C for 10 minutes. DNA was analyzed by 1% of agarose gel electrophoresis to
determine the quality and quantity of the PCR product for sequencing as described in

34.3.

DNA sequencing of the PCR products was performed by Macrogen Inc (Seoul,
Korea), with standard Sanger sequencing protocols using the ABI prism 3730x1 DNA
analyzer (Applied Biosystems). Sequence run files were received as WINRAR ZIP
archives files, and were read and analyzed with the Bioedit Sequence Alignment Editor to
determine the integrity of the sequence data. Samples with no signal were repeated, and
sequencing of the antisense strand was performed if there was an abrupt signal loss, or to

resolve any discrepancies in the read.
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Table 3.7: Oligonucleotide sequences of the primersfor group B streptococcus

multilocus sequence typing

L ocus Sequence (5' t0 3') Amplicon
size (bp)

adhP Forward 5’-GTTGGTCATGGTGAAGCACT-3’ 672

amplification and | Reverse 5’-ACTGTACCTCCAGCACGAAC-3’

Sequencing Forward 5’-GGTGTGTGCCATACTGATTT-3’ 498
Reverse 5’-ACAGCAGTCACAACCACTCC-3’

pheS Forward 5’-GATTAAGGAGTAGTGGCACG-3’ 723

amplification and | Reverse 5’-TTGAGATCGCCCATTGAAAT-3’

Sequencing Forward 5’-ATATCAACTCAAGAAAAGCT-3’ 501
Reverse 5’-TGATGGAATTGATGGCTATG-3’

atr Forward 5’-CGATTCTCTCAGCTTTGTTA-3’ 627

amplification and | Reverse 3’-AAGAAATCTCTTGTGCGGAT-3’

Sequencing Forward 5’-ATGGTTGAGCCAATTATTTC-3’ 501
Reverse 5’-CCTTGCTCAACAATAATGCC-3’

glnA Forward 5’-CCGGCTACAGATGAACAATT-3’ 589

amplification and | Reverse 5’-CTGATAATTGCCATTCCACG-3’

Sequencing Forward 5’-AATAAAGCAATGTTTGATGG-3’ 498
Reverse 5’-GCATTGTTCCCTTCATTATC-3’

sdhA Forward 5’-AGAGCAAGCTAATAGCCAAC-3’ 646

amplification and | Reverse 5’-ATATCAGCAGCAACAAGTGC-3’

Sequencing Forward 5’-AACATAGCAGAGCTCATGAT-3’ 519
Reverse 5’-GGGACTTCAACTAAACCTGC-3’

glcK Forward 5’-CTCGGAGGAACGACCATTAA -3’ 607

amplification and | Reverse 5’-CTTGTAACAGTATCACCGTT-3’

Sequencing Forward 5’-GGTATCTTGACGCTTGAGGG-3’ 459
Reverse 5’-ATCGCTGCTTTAATGGCAGA-3’

tkt Forward 5’-CCAGGCTTTGATTTAGTTGA-3’ 859

amplification and | Reverse 5’-AATAGCTTGTTGGCTTGAAA-3’

Sequencing Forward 5’-ACACTTCATGGTGATGGTTG-3’ 480
Reverse 5’-TGACCTAGGTCATGAGCTTT-3’

ghs2018 Forward 5’-GAAAAACAGCTTATGGTTTGG-3’ 1569-1893

amplification and | Reverse 5’- TTGCTAAGAGTGGACTTGCG -3’

sequencing
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3.7.3 Assignment of sequence types and clonal complexes grouping

Group B streptococcus MLST database was used to identify alelic profiles and
sequence types of complete sequences. An alele number was assigned to each fragment
based on its sequence. Sequence type assignment was based on the allelic profile of the
seven housekeeping genes (Jones et al. 2003). Isolates that had anew MLST profile were
submitted for sequence assignment under identity number 20120328 002 and
20121204 004. The “based upon sequence type (eBurst)” online program was used to
group closely related sequence type within a particular clonal complex (CC). Clond
complexes were defined as isolates that shared at |east five identical alleles. To determine
whether genes encoding specific alelic form of ghs2018 were associated with certain
genetic marker, randomly selected invasive disease and colonizing isolates representing
different sequence types as determined by MLST were analyzed. The ghs2018 locus was
characterized by DNA sequencing, and emphasis was on ST-17 lineage because of the
suggestion that identification of ghs2018 cluster C can be used as a rapid and cost

effective for detecting ST-17 lineage GBS isolates.

3.8 Statistical analysis

3.8.1 Serotypedistribution

Data were analyzed with Graphpad Prism version 4.01 and STATA version 8.0.
Differences in serotype distribution between maternal and neonatal colonizing isolates,
and isolates causing invasive disease were determined by a two tailed Fisher’s exact test.
Logistic regression was used to determine the association of frequency of serotypes in
relation to the timing of onset of infant sepsis and disease syndrome. As materna

colonization is a major risk factor for early onset (<7days of age) GBS disease, anayses
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of the invasive potential of GBS isolates was restricted to episodes within 7 days of birth.
Invasive potential of individual serotypes was estimated by calculating the odds ratio
(OR) using serotype Il as a fixed reference serotype, since it has been consistently shown
to be the most prevalent serotype in both colonizing and invasive disease isolates. This
method has an advantage over calculating OR by reference to all other serotypes because

the resulting estimate is a robust measure of invasive potential .

The relative serotype-specific invasive potential was calculated based on the
formula of odds ratio (OR) = (ad)/ (bc) described by Brueggemann et al (Brueggemann et
al. 2004). Where “a” is the number of early onset isolates of a specific serotype; “b” is
the number of early onset isolates of serotype Ill; “c” is the number of that specific
serotype from maternal colonizing isolates; and “d” is the number of serotype Ill from
maternal colonizing isolates. Associated 95% confidence intervals (95% CI) were

estimated.

3.8.2 Pilusislandsdistribution

Distribution of pilus islands in maternal colonizing and invasive disease isolates
was determined by atwo tailed Fisher’s exact test. A multiple regression model was used
to test for the association between pilus island and serotype and the time of onset of
illness. X? test was used to compare pilus island distribution in infants aged <7 days,
between 7 and 90 days and older than 90 days. A P vaue of < 0.05 was considered

significant.
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3.8.3 Multilocus sequence typing

Cluster analysis was caried out with phylodendron version 0.8d

(http://pubmist.org/analysis/) using the unweighted pair group method with arithmetic

mean (UPGMA) to construct the dendrogram from the matrix of parwise alelic
differences between the sequence types. A Phylogenetic tree of different chimeric forms
of ghs2018 was constructed using the molecular evolutionary genetics analysis, version
5.1 (MEGA, 5.1). Clona relationship between invasive disease and colonizing isolates

was determined by X?test. A P value of < 0.05 was considered significant.
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Chapter 4 Results

4.1 Serotype distribution

4.1.1 Serotype distribution of maternal and newborn colonizing isolates

This study included 551 (21.5%) GBS isolates from 2561 women and 402
(15.8%) GBS isolates from 2542 newborns born to these women who were swabbed.
Group B streptococcus was identified in 289 (52.5%) newborns of the 551 mothers who
were identified to be vaginally colonized by GBS during labor. In addition, GBS was also
identified in a further 113 (5.6%) newborns born to 2,010 mothers in whom GBS was not

detected on vagina swabbing.

Serotyping was done on 541 (98.2%) of 551 available isolates obtained from
colonized mothers and on 396 (98.5%) of 402 available isolates from colonized
newborns. A total of 106 (19.6%) maternal and 76 (19.2%) newborn colonizing GBS
isolates were serologically non-typeable; Table 4.1. Molecular capsular typing was
successful in identifying a capsular serotype genein 173 (95.1%) of the 182 serologically
non-typeable colonizing isolates. The frequency of serotype distribution between
serologically typeable isolates and serologically non-typeable differed as follows: la
(32.4% vs. 14.8%, respectively; P<0.0001), Ib (2.4% vs. 23.1%, respectively; P<0.0001),
1 (13.3% vs. 4.4%, respectively; P=0.0004), Il (40.3% vs. 22.5%, respectively;
P<0.0001); IV (1.3% vs. 15.4%, respectively; P<0.0001) and V (10.3% vs. 14.8%,

respectively; P=0.09).
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Overdl, serotype Il was the most common colonizing serotype in mothers
(37.3%) and newborns (36.2%); Table 4.1. Collectively, serotypes la, Ib and Il
accounted for 74.1% (401/541) of maternal and 69.6% (275/395) of newborn colonizing
isolates. There were no differences in the relative frequencies of serotypes between
colonized mothers and colonized newborns (P=0.77). lIsolates were available for
serotyping from 280 (96.9%) of 289 mother-newborn pairs who were both colonized with
GBS, among whom there was 90.7% (254/280) concordance in serotype between the
mother and newborn isolates. There were no differences in the serotype distribution
between isolates from HIV-infected women (n=119) compared to HIV-uninfected women

(n=418; P=0.55).
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Table4.1: Serotypedistribution among mater nal and newborn colonizing group B streptococcus isolates

Serotype Mater nal colonizing isolates Neonatal colonizing isolates P value
Comparing total of
Latex PCR’ Total Latex PCR Total proportion of
no=541 no=106 no=541 no=395 no=76 no=395 maternal vs.
newborn serotypes
la 146 (27.00 17 (16.0) 163 (30.1) 98 (24.8) 10(13.2) 108 (27.3) | P=0.38
Ib 12 (2.2) 24.(22.6) 36(6.7) 6(L5) 18(23.7)  24(6.1) P=0.79
T 55(10.2) 6(5.7) 61(11.3) 45 (11.4) 2 (2.6) 47 (11.9) | P=0.84
1 177 (32.7)  25(23.6) 202 (37.3) 127(32.2) 16 (21.1)  143(36.2) | P=0.73
W 5(0.9) 15 (14.2) 20(37) 5(13) 13(17.1)  18(4.6) P=0.51
v 40 (7.4) 15 (14.2) 55(10.2) 38(9.6) 12(158) 50(127) |P=0.61
NT 106 (19.6) 4(3.8) 76 (19.2) 5( 6.6) P=0.22

YFigurein rounded parenthesis is a percentage, molecular serotype identification by PCR was done by primers targeting
serotypes lato V.
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4.1.2 Serotype distribution of invasive disease isolates

A total of 284 GBS isolates were obtained from 282 infants with invasive disease.
These included 222 from blood (78.2%), 62 from CSF (21.8%) and two cases in which
GBS was obtained from blood and CSF. The age distribution of infants with invasive
disease isolates included 137 (48.2%) under 7 days of age (EOD), 108 (38.0%) between 7

to 90 days of age (LOD) and 39 (13.7%) from children older than 90 days of age.

The dominant serotypes causing invasive disease in EOD and LOD were serotype
11l (57.7% vs. 84.3%, respectively; P<0.0001) and serotype la (22.6% vs. 13.9%,
respectively; P=0.01); Table 4.2: Collectively, these serotypes accounted for 80.3% of
EOD and 98.2% of LOD. Serotypes Ill and la together accounted for 53.9% of invasive
disease isolates occurring in children older than 90 days of age. Also, of the three
episodes were both colonizing and invasive disease isolates from newborns were
available for serotyping, the invasive disease was due to the same serotype that colonized

the newborns during birth.

Individually, serotypes Ib, I1, 1V, and V accounted for less than 6.0% of invasive
disease isolates in infants less than 90 days of age. No invasive disease isolate was
reactive to sera against serotypes VI, VII, VIII and IX. After adjusting for the type of
specimen from where the isolate was recovered (i.e. blood only vs. CSF) and age group,
serotype |11 remained the dominant cause of invasive disease in LOD (Adjusted odds
ratio: 3.60; 95%CI 1.91-6.78; P<0.0001), but was not more frequently associated with
meningitis compared to other serotypes (P=0.36). Serologically non-typeable isolates
were less common from invasive GBS isolates (20/284; 7.0%). Genotypic serotyping by
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PCR was successful in attributing a serotype to all serologically non-typeable invasive

disease isol ates.
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Table 4.2: Serotype distribution among early onset, late onset diseases and in children older than 90 days.

Serotype | Early Onset Disease | Late Onset Disease | >90 days age P value
(<7 days age) (7-90 days age) no=39 EOD vs
no=137 no=108 LOD

la 31[1]* (22.6) * 15[1] (13.9) 9[0] (23.1) P=0.99

b 712 (5.1) 0[0] (0) 6[2] (15.4) P=0.009

I 712 (5.2) 0[0] (0) 6[2] (15.4) P=0.009

Il 79[3] (57.7) 91[3] (84.3) 12[1] (30.8) P< 0.0001

IV 5[] (3.6) 0[0] (0) 0[0] (0) P=0.07

Vv 8[0] (5.8) 2[1] (1.9) 6[2] (15.4) P=0.19

! Figure in squared parenthesis indicates number of isolates which were serologically non-reactive but typed by PCR and included
in the total number. 2Figure in rounded parenthesisis a percentage.
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4.1.3 Estimates of therelative invasive potential of serotypes

There were significant differences in the serotype distribution between invasive
disease isolates from EOD and maternal colonizing isolates. A higher proportion of
invasive isolates in EOD were serotype Il (79/137; 57.7%) compared to maternal
colonizing isolates (202/537; 37.6%; P<0.0001). Conversely comparing invasive disease
isolates in EOD to materna colonizing isolates, serotype Il [7/137 (5.1%) vs. 61/537
(11.3%); respectively, P=0.0008] and serotype V [8/137 (5.8%) vs. 55/537 (10.2%),

respectively; P=0.014] were less common as invasive disease isolates; Table 4.3.
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Table 4.3: Estimation of invasive potential of group B streptococcus ser otypes

Serotype | Maternal colonizing isolates Early Onset Disease (<7 days age) Total no. of isolates (%) OR (95% CI)
no= 537 no=137

la 163 (30.3) 31 (22.6) 194 (28.8) (0.49; 0.31-0.77)
Ib 36 (6.7) 7(5.1) 43 (6.4) (0.50; 0.22- 1.18)
I 61 (11.4) 7(5.1) 68 (10.1) (0.300.13- 0.67)
i 202 (37.6) 79 (57.7) 281 (41.6) (2.00)

v 20 (3.7) 5(3.6) 25(3.7) (0.65; 0.23- 1.79)
Vv 55(10.2) 8(5.8) 63 (9.3) (0.38; 0.17- 0.83)

In our data two isolates of the same serotype (i.e. I11) were obtained from the same infant, and only one isolate was included in

the analysis.
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4.2 Pilusidand distribution

The real time PCR assay was able to detect the AP1 gene for PI-2a and PI-2b in 48.5%
and 35.2% of isolates respectively. Additiona screening with PCR assays for the AP2 gene of
Pl-2a and PI-2b negative isolates reveaded that all isolates harbored either Pl-2a or PI-2b in
54.6% and 45.3% of isolates respectively. Pl-1 was found in 69.9% of al isolates, and was
associated with Pl-2a in 45.5% of the time. In contrast, the majority (99.5%) of PI-2b positive

isolates were associated with PI-1.

4.2.1 Pilusidandsdistribution in maternal colonizing isolates

Pilus islands in maternal colonizing isolates were identified aone or in combinations at
the following overall hierarchical frequency PlI-1+PI-2b (n=201; 37.2%), PI-2a (n=183; 33.8%),
PI-1+PI-2a (n=155; 28.7%), and PI-2b (n=2; 0.4%), Figure 4.1. More than one type of pilus

island was identified in 356 (65.9%) of maternal colonizing isolates.

4.2.2 Pilusislandsdistribution in invasive isolates

Similarly, pilus islands in invasive disease isolates were identified aone or in
combinations at the following overall frequency PI-1+PI-2b (n=171; 60.2%), Pl-2a (n=63;
22.2%), PI-1+Pl-2a (n=50; 17.6%). More than one type of pilus island was identified in 221

(77.8%) of 284 invasive disease isolates; Figure 4.1.
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4.2.3 Comparison between colonizing and invasive disease isolates

There were significant differences when the pilus island distributions were stratified by
colonization or invasive disease. A combination of PI-1 and PI-2b was more common among
invasive disease isolates (171/284; 60.2%) than colonizing isolates (201/541; 37.2%; P<0.0001),
and isolates with both PI-1 and PI-2a were more common in colonizing (155/541; 28.7%) than

invasive disease isolates (50/284; 17.6%; P=0.0005); Figure 4.1.
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4.2.4 Pilusidland distribution according to age of onset

When the pilus island distribution in invasive disease isolates was stratified according to
age of disease onset, there were significant differences between EOD and LOD. A combination
of PI-1 and PI-2b was more frequently associated with LOD (54.7% v/s 80.6%; P<0.0001),
whilst Pl-2a alone or in combination with PI-1 were more likely to associated with EOD (31.4%
v/s 17.6%; P=0.02, respectively) and (13.9 v/s 1.9%; P=0.0008, respectively), Error! Reference
sour ce not found. The distribution of pilus islands alone or in combination from infants older

than 90 days were Pl-2a (33.3%), PI-1+Pl-2a (38.5%) and PI-1+PI-2b (28.2%).
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4.2.5 Pilusisland and capsular polysaccharide serotype

There was a significant association between the capsular serotype and pilus island
combinations irrespective of whether isolates were from colonization or invasive disease. The
majority of colonizing (84.2%, P<0.0001) and invasive disease isolates (90.7% P<0.0001)
attributed to serotype Ill carried a combination of PI-1 and PI-2b. Pilus island-2a alone was
identified in 92.6% and 90.9% of colonizing and invasive disease serotype la isolates,
respectively. Serotype Ib, Il and V were associated with a combination of PI-1 and PI-2a,
altogether accounting for 71.6% of colonizing and 56.0% of invasive disease isolates. Three of
four non-typeable colonizing isolates were associated with a combination of Pl-1 and Pl-23;

Figure 4.3:

When the association between the capsular serotype and pilus island was analyzed with
respect to the onset of disease, serotype la was associated with 82.9% and 87.5% of EOD and
LOD respectively in isolates carrying Pl-2a. In contrast serotype |11 was associated with 88.0%
in EOD and 98.9% in LOD isolates carrying a combination of PI-1 and Pl-2b. When pilusisland
distribution was adjusted with respect to serotype and the disease onset, serotype la was the
dominant predictor in the distribution of Pl-2a alone in EOD (Adjusted odds ratio: 0.38; 95%CI
0.3-0.5; P<0.0001), whilst serotype 111 was the dominant predictor in the distribution of PI-1 and

PI-2b combination in LOD (Adjusted odds ratio: 2.55; 95%CI 2.00-3.26; P< 0.0001).
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Figure 4.3: Group B streptococcal pilusislands distribution among invasive disease and maternal colonizing isolates

grouped by capsular polysaccharide serotype
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4.2 Genetic diversity of colonizing and invasive disease isolates

A total of 1175 GBS isolates were pre-screened by partial MLST for atr, adhP and
glnA genes, including 523 maternal colonizing-isolates, 369 newborn colonizing isolates and

283 infant invasive disease isol ates.

4.2.1 Genetic diversity among mater nal and neonatal colonizing isolates

Twenty six different allele combinations were identified in maternal and newborn
colonizing isolates, and the combinations were stratified into six clusters; Table 4.4. Paired
maternal-newborn dyads isolates were available for genetic characterization from 257 (92.1%)
of 289 colonized newborns which revealed 91.1% (234/257) concordance. There were no
differences in the relative frequencies and clusters distribution among isolates colonizing
mothers and newborns. Over two-thirds of maternal and newborn colonizing isolates involved
three clusters, including clusters A (32.0% vs. 33.9%), B (30.1% vs. 29.3%) and D (14.1% vs.
11.1%); Table 4.4. A strong association was observed between serotype and specific clona
clusters among maternal and newborn colonizing isolates. This included serotype la with
cluster B (97.5% and 98.1%) in materna and neonatal colonizing isolates respectively,
serotype |11 with cluster A (82.7% v/s 86.0%) of maternal and neonatal colonizing isolates
respectively. Serotype V was associated with cluster E in 87.0% of materna and 87.8% of
newborn colonizing isolates. Serotype Ib and IV were respectively associated with cluster D in
86.1% and 90.0% of maternal and in 100% and 87.5% of newborn colonizing isolates, while

serotype Il was associated with cluster D or E in 96.0% of maternal and 90.7% of newborn
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colonizing isolates.

4.2.2 Genetic diversity among invasive disease isolates

Fifteen different allelic combinations were identified among invasive disease isolates
associated with EOD (n=136), LOD (n=108) and from episodes in those >90 days of age
(n=39). There were significant differences when the cluster distributions were stratified by
maternal colonization or invasive disease, the frequency of cluster distribution between
invasive disease compared to maternal colonizing isolates were as follows A (59.4% v/s
32.3%, respectively; P<0.0001), B (21.6% v/s 30.0%, respectively; P=0.010), C (1.1% v/s
1.5%, respectively; P=0.76), D (3.2% v/s 14.3%, respectively; P<0.0001), E (7.1% v/s 10.5%,
respectively; P=0.13) and F (7.8% v/s 11.3%; respectively; P=0.14). When adjusted for
differences in serotypes there were no significant differences between invasive disease and
maternal colonizing isolates belonging to serotype la, for example 94.5% of invasive disease
and 96.3% of maternal colonizing isolates belonging to serotype la were associated with
cluster B (P=0.70). Whilst 90.1% of invasive-disease and 82.7% of materna colonizing
isolates belonging to serotype Il were associated with cluster A (P=0.04), and 87.0% of
invasive disease and 81.3% of materna colonizing isolates belonging serotype V were

associated with cluster E (P=0.27).

There were significant differences between cluster distribution in relation to the timing
of invasive disease onset, with cluster A being associated with 80.6% of LOD compared to
52.2% in EOD (P<0.0001). There was, however, no significant differences between EOD and

LOD when adjusted for serotype la distribution, 90.3% of serotype lain EOD was associated
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with cluster B compared with 93.3% in LOD (P=1.00). In contrast, 86.1% of serotype Il of
EOD was associated with cluster A compared with 96.6% of serotype 111 in LOD (P=0.03).
Individually cluster A and B accounted for 25.6% of invasive disease isolates from infants
older than 90 days, while the remaining isolates were stratified into cluster E and F (17.9%

each), cluster C (10.3%) and cluster D (2.6%).
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Table 4.4: Group B streptococcus housekeeping genes (adhP, atr & glnA) associated with maternal (M), neonatal (N)

colonization and invasive disease (Inv) isolates from infants grouped by capsular polysaccharide serotype

Serotype
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Inv
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=

=
o
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Figure 4.4: Phylogenetic relationship of group B streptococcus and clusters, as shown in

Table4.4
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4.2.3 Multilocus sequence type analysis

4.2.3.1 Sequence types and clonal complexes among colonizing isolates

Of the 121 colonizing isolates with complete MLST profile, thirty different sequence
types were identified including six novel sequence types; Table 4.5. The most frequently
occurring colonizing isolates sequence types were ST-1 (14.9%) and ST-10 (9.9%), while
8.3% of isolates stratified into ST-17, ST-23, ST-109 and ST-144 each; Table 4.5. The
eBURST analyses grouped related sequence types into six clonal complexes, in the following
order of frequency CC-10 (23.1%), CC-1 (19.8%), CC-17 (19.8%), CC-23 (19.0), CC-19
(15.7%) and CC-22 (2.3%). Notably, three serotype Il isolates were identified in the rarely
described CC-22, which consisted of ST-22 and ST-37. Colonizing isolates from seven
mother-newborn pairs who had discordant phenotypic serotypes were aso identified to be

genetically heterogeneous and grouped in different clonal complexes.

4.2.3.2 Sequence type and clonal complex among invasive disease isolates

Multilocus sequence typing classified 131 invasive disease isolates into 22 sequence
types, including three novel sequence types; Table 4.5. The most common sequence types
included ST-23 (22.1%), ST-17 (20.6%) and ST-109 (16.8%). ST-17 and ST-23 were
significantly associated with invasive disease isolates compared to maternal colonizing
isolates (P<0.0001), in contrast ST-1 and ST-10 were more likely to be associated with

maternal colonization compared to invasive disease isolates (P=0.06). The eBURST analyses
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revealed six magjor clonal complexes associated with invasive disease isolates; Figure 4.5.
There were significant differences in the frequency of clona complexes between invasive
disease and maternal colonizing isolates as CC-1 (15.3% v/s 15.6%, respectively; P=0.41),
CC-10 (7.6% vis 25.3%, respectively; P<0.0007), CC-17 (42.7% v/s 22.9%, respectively;
P<0.0001), CC-19 (6.9% V/s 15.7%, respectively; P=0.03), CC-23 (27.5% v/s 19.3%,
respectively; P=0.14). There were no significant differences when the clona complex
distribution was stratified with respect to age of disease, CC-17 was associated with 42.4% of
EOD compared to 57.1% of LOD (P=0.17), whilst CC-23 was associated with 22.0% of EOD

and 34.3% of LOD (P=0.19).
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Table 4.5: Multilocus sequence typing characterization of group B streptococcus from

colonizing and invasive disease grouped into clonal complex

CCand ST Allelic profile No of isolates Invasive disease Colonization
CC-1(n=44)

1 1121122° 34 16 18
2 1131122 3 3

139 1141122 1 1
153 36121122 1 1
167 1161122 2 1 1
462 86121122 2 2
619* 62121122 1 1
CC-10 (n=38)

8 4141332 13 9
10 9141332 16 12
327 11422032 6 4
332 4131332 1 1
579* 9141232 1 1
583* 4141131 1 1
CC-17 (n=80)

17 2112111 37 27 10
109 21110111 32 22 10
126 21121110 1 1

180 2412111 1 1

174 2113111 1 1
291 22512111 3 2 1
576* 21610111 1

577* 24110111 1 1

578* 2162111 1 1
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CCand ST Allelic profile No of isolates Invasive disease Colonization
582* 5162111 2 1 1
CC-19 (n=28)

19 1132222 10 3 7
27 1134222 1 1
28 1135222 13 5 8
175 1133222 2 1
182 11321822 1 1
580* 91353922 1 1
CC-22 (n=3)

22 13313111 2 2
37 13393111

CC-23 (n=59)

23 5463213 39 29 10
55 5163213 1 1

144 5413213 12 10
163 5443213 4 1
249 5461213 1 1
427 5163212 1 1

581* 5463911 1 1

"Asterisk indicates novel sequence types * Indicates alelic profile for each MLST genein the

following order: adhP, PheS atr, ginA, sdhA, glnA and tkt
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Figure 4.5: Phylogenetic relationship among sequence types from group B streptococcus

isolates associated maternal and neonatal colonizing and invasive disease isolates from

infants
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4.3.2 Sequencetypes, clonal complexes and capsular serotype

There were strong associ ations between capsular serotype and sequence type, and were
consistent between colonizing and invasive disease isolates, Table 4.6. For example, the
majority of invasive disease isolates (92.9%) within CC-17 were associated with serotype Il1,
and of these 87.5% were either ST-17 (48.2%) or ST-109 (39.3%). In maternal colonizing
isolates, 95.8% of the isolates within CC-17 were associated with serotype 111, of which 78.9%
were either ST-17 (36.8%) or ST-109 (42.1%). Invasive disease CC-23 isolates were mainly
serotype la (83.3%), of which 66.7% were ST-23, while maternal colonizing isolates within
CC-23 were associated with 91.3% of serotype la, of which 75.0% were either ST-23 (31.3%)
or ST-144 (43.6%). The mgority of invasive disease CC-1 isolates (65.0%) were serotype V,
and all of serotype V isolates belonged to ST-1, while 61.5% (P=0.37) of maternal colonizing
isolates within CC-1 were serotype V, and of which 53.8% stratified into ST-1. There were no
significant differences between EOD and LOD when the clonal complex distribution was
analyzed by capsular serotypes. The magjority of CC-17 EOD (84.0%) and LOD (100%) were
associated with serotypes 111 (P=0.12), and in CC-23 78.6% of EOD and 91.7% of LOD were

associated with serotype la (P=0.60).
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Table 4.6: Clonal complexes grouped according to capsular serotype of group B

streptococcus from colonization and invasive disease

Serotype Clonal Complex
CC-1 CC-10 CC-17 CC-19 CC-22 CC-23

Co ID Co ID Co ID Co ID Co ID Co ID

la 1 1 1 0 0 0 0 0 0 0 21 30
Ib 1 3 11 5 0 1 1 0 0 0 0 3
[ 1 2 7 4 0 0 10 6 3 0 1 1
[l 0 0 0 0 23 53 8 3 0 0 1 0
A 2 1 5 0 1 2 0 0 0 0 0 0
\% 12 13 3 1 0 0 0 0 0 0 0 2
NT 7 0 1 0 0 0 0 0 0 0 0 0
Total 24 20 28 10 24 56 19 9 3 0 23 36

ol Colonizing isolates; '°- Invasive disease isolates; "'~ Nontypable

4.3.3 Relationship between sequencetypes, clonal complexes and pilusislands

The genetic population structure of invasive disease and colonizing isolates were
related to the pilusisland alleles of the isolates. There were, however, no differences between
invasive disease and maternal colonizing isolates when clonal complexes were analyzed in
relation to the pilus island distribution; Table 4.7. The majority of invasive disease isolates
(89.3%) within CC-17 carried a combination of PI-1 and PI-2b, of which 76.8% were ST-17
(37.5%) and ST-109 (39.2%). Whereas 94.7% of materna colonizing isolates within CC-17
were associated with a combination of PI-1 and PI-2b, of which 78.9.3% were ST-17 (36.8%)

and ST-109 (42.1%). The magjority of invasive disease (88.9%) isolates within CC-23 were
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associated with Pl-2a aone, of which 80.6% were ST-23, while 81.3% in maternal colonizing-
isolates were associated with PI-2a alone (P=0.66). There was no significant difference when
clona complex distribution was analyzed in relation to the timing of disease onset. The
majority of EOD isolates (88.0%) and LOD (90.0%) within CC-17 carried a combination of
PI-1 and PI-2b (P=1.00), whilst 92.9% of EOD and 100% of LOD CC-23 isolates carried PI-

2aaone (P=1.00).
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Table 4.7: Clonal complexes grouped according to pilusisland of group B streptococcus

from colonization and invasive disease

Serotype Clonal Complex
CC-1 CC-10 CC-17 CC-19 CC-22 CC-23

Co ID Co ID Co ID Co ID Co ID Co ID

Pl-2a 4 7 2 2 0 0 0 0 1 0 13 32

PI-1+PI - 9 13 14 7 1 6 13 7 0 0 3 1
2a

PI-1+PI - 0 0 5 1 18 50 0 2 0 0 0 3
2b

Total 13 20 22 10 19 56 13 9 1 0 16 36

In the colonization group, pilus isand data was only available from maternal colonizing

isolates; “°- Colonizing isolates; '°- Invasive disease isolates.
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4.3.4 Relationship between gbs2018 clusters and sequencetypes

Analysis for ghs2018 allelic variants included 56 GBS isolates from colonizing and
invasive disease clonal complexes representing different sequence types [ST-1 (n=5), ST-2
(n=1) ST-8 (n=2), ST-10 (n=2) ST-17 (n=20), ST-23 (n=4) ST-28 (n=3), ST-109 (n=14), ST-

167 (n=1), ST-291 (n=2) and ST-327 (n=1) ST-582 (n=1)].

A phylogenetic tree of the DNA sequences of ghs2018 was constructed (Figure 4.6)
and showed that this allele clustered in three distinct alelic forms (A, B and C), with minor
variation being found between isolates from each cluster. There was a strong association
between the alelic forms of ghs2018 and specific sequence types that the isolate carried, and
in all cases individual sequence types were confined within a specific allele clusters. Cluster C
was the only cluster that exclusively contained isolates representing the ST-17 lineages, in
contrast cluster A (ST-19, ST-23, ST-28 and ST-327) and B (ST-1, ST-2, ST-8, ST-10 and

ST-167) contained multiple sequence types.
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Chapter 5 Discussion

5.1 Serotype distribution

To the best of our knowledge this study provides the most in-depth analysis of the
serotype epidemiology of colonizing isolates in mother-newborn dyads and invasive GBS
isolates in an industrializing country setting and particularly from Africa. Although there are
extensive data on maternal colonizing serotype distribution from industrialized countries
(Croak et al. 2003; Ippolito et al. 2010; Jones et al. 2006a; Kunze et al. 2011), there are
limited data comparing serotype distribution from colonized mothers and their newborns from

industrializing countries (Al-Sweih et al. 2005; Suara et al. 1994).

The findings from our study, are similar to those reported elsewhere, (Al-Sweih et al.
2005; Eren et al. 2005; Hakansson et al. 2008; Suara et al. 1994; Tsolia et al. 2003) and
confirm that maternal GBS vaginal-colonization is commonly (52.5%) associated with infant
colonization. The vertical transmission of GBS from mother to the newborn was corroborated
by the high concordance of matching serotypes in the colonized mother-newborn dyads. Our
study, however, aso identified GBS in 113 (28.1%) of 402 colonized newborns born to

mothersin whom GBS was not identified by vaginal swabbing.

The latter, as well as the incomplete, albeit high, concordance in serotypes distribution
associated with colonization in mother-newborn dyads in our study may be due to the
limitations of the study sampling methods in sensitivity of identifying multiple concurrent

serotype colonization, other serotyping techniques such as iELISA may be idea for
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identification of multiple serotype colonization. The exclusion of rectal swabs to detect GBS
colonization may have compromised the sensitivity in detecting GBS colonization (Quinlan et
al. 2000). Other possibilities for discordant serotypes between mothers and newborns may
include the possibility of GBS acquisition from non-maternal sources during or soon after

birth (Ferrieri et al. 2004; Sensini et al. 1997; Strus et al. 2009).

Previous studies have reported that the sensitivity of detecting GBS colonization in
pregnant women by undertaking both rectal and vagina swabs is 18.5%-51.0% higher
compared to taking vaginal swabs alone (Dillon, Jr. et al. 1982; Kovavisarach et al. 2007,
Quinlan et al. 2000) and suggests that maternal rectal colonization may also contribute to
acquisition of GBS in newborns. Additionally, the yield of GBS on vagina swabbing
undertaken after the onset of labor may have been affected by the draining liquor following
the rupture of the placental membranes. Consequently, our study provides a minimal estimate

asto the prevalence of GBS colonization in pregnant women during labor.

The serotype distribution identified in invasive disease isolates in our study are
consistent with other smaller studies on invasive disease isolates elsewhere from Africa such
asin Malawi (Gray et al. 2007), Zimbabwe (Moyo et al. 2002), and Morocco (AitMhand et al.
2000), aswell as an earlier study at the same centre as this study from 1997-1998 (Madhi et al.
2003). The serotype data of invasive disease isolates from this study are nevertheless
important as it confirms the absence of temporal variation in serotype distribution of invasive
disease isolates over more than a decade in the study-setting (Madhi et al. 2003). This has
positive implications for the design of serotype-specific polysaccharide vaccines for
prevention of newborn GBS sepsis. Serotype |11 was responsible for 69.4% of invasive GBS

disease among infants younger than 90 days age, which was consistent to other studies from
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sub-Saharan Africa (56.0-58.3%) (Gray et al. 2007; Madhi et al. 2003). Serotype la was the
second most frequently (18.8%) identified invasive serotype in infants younger than 90 days
of age in our study and dlightly less than previously reported from South Africa (28.7%) and

Malawi (21%) (Gray et al. 2007; Madhi et al. 2003).

These findings are aso consistent with serotype distribution data of invasive disease
isolates in young infants from industrialized countries (44% to 65% for serotype 111 and 15%
to 33% for serotype 1a) (Berg et al. 2000; Fluegge et al. 2005; Harrison et al. 1998; Martins et
al. 2007). Overall, 85.4% and 98.2% of EOD and LOD invasive isolates respectively belonged
to serotypes la, Ib or 11l. These serotypes are included in a tri-valent GBS conjugate vaccine
currently under evaluation for safety and immunogenicity in pregnant women. Such a trivalent
serotype-specific GBS vaccine would therefore provide potential cover against at least 80% of

invasive disease serotypes in young infants in settings such as ours.

Our data indicated that serotype 111 (OR= 2.29) was the most invasive of all studied
serotypes based on a method of analysis described by Brueggemann et al. (Brueggemann et al.
2003). These data are also consistent with findings from Portugal (OR=1.42 ) (Martins et al.
2007), Sweden (OR=2.61) (Berg et al. 2000), and Israel (OR=1.84) (Bisharat et al. 2005)
where the same method was used. Due to this consistency we benchmarked invasive potential
of other serotypes with type |1l as a referent serotype (Brueggemann et al. 2004); Table 5.1.
The data consistently reports that serotype Ib, 1l and V, are less invasive than serotype IlI,
however, the invasive potential of serotype la is variable across different sites. In South
Africa, Taiwan and The Netherlands (van et al. 2009b), serotype la was less invasive than
serotype 111, although more invasive in Portugal (Martins et al. 2007), Israel (Bisharat et al.

2005) and Sweden (Berg et al. 2000). The reasons for variation in invasive potential of
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serotype la reported at different sites are unclear, however, data from Portugal suggests that
the high invasive index of this serotype can be attributed to a dominant clone (ST-23 and ST-
24), suggesting that the underlying genotype can influence the invasive potential. In contrast,
our study found no isolate either from colonizing or invasive disease isolates to be associated

with ST-24 lineage.
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Tableb.1:

Estimation of invasive potential of group B streptococcus from different countries

Serotype Country
South Africa Portugal (Martins et Israel (Bisharat e¢ Sweden (Berg et al. Netherlands (van et Taiwan (van et al.
al. 2007) al. 2005) 2000) al. 2009b) 2009b)
la 163%31° 42/13 12/10 15/20 24/6 13/5
(0.49; 0.31-0.77)°  (1.52; 0.63-3.67) (1.14; 0.41-3.18) (1.37; 0.61-3.10) (0.52; 0.63-3.67) (0.22; 0.07-0.70)
Ib 36/7 14/1 9/2 15/2 ND 5/2
(0.50; 0.22- 1.18) (0.35; 0.04-2.93) (0.30; 0.05-1.57) (0.14 0.03-0.64) (0.22; 0.04-1.27)
I 61/7 46/8 23/14 13/4 ND ND
(0.300.13- 0.67) (0.85; 0.32-2.27) (0.83; 0.34-2.03) (0.32; 0.09-1.07)
" 202/78 59/12 26/19 36/35 20/33 19/34
(1.00) (1.00) 1.00 (1.00) (1.00) (1.00)
v (20/5) 6/1 ND 3/2 ND ND
(0.65; 0.23- 1.79) (0.81; 0.09-7.44) (0.69; 0.11-4.36)
Vv 55/8 59/7 18/9 2517 14/4 15/2

(0.38; 0.17- 0.83)

(0.58; 0.21-1.59)

(0.68; 0.25-1.85)

(0.29; 0.11-0.75)

(0.17; 0.05-0.60)

(0.07; 0.02-0.36)

In our data two isolates of the same serotype (i.e. 111) were obtained from the same infant, and only one isolate was included in the
analysis. 2Vaue indicates colonizing isolates. ® Value indicates neonatal invasive isolates.® Value in parenthesis indicates OR (relative
to serotype 111) and 95% CI. “ND: No data for either invasive, colonization or both.
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Serotype V was identified in a low proportion of invasive disease isolates (5.6%) in
our study, which is aso consistent with earlier studies from South Africa (5.6%) and Malawi
(4.0%) (Gray et al. 2007; Madhi et al. 2003). In the United States, serotype V is responsible
for a high proportion of the invasive cases among infants (15.0%-28.0%) (Lin et al. 1998;
Phares et al. 2008), similarly a higher prevalence of serotype V has also been reported in
European studies including in England/Wales (13.0%) (Weisner et al. 2004) and Sweden
(22.5%) (Persson et al. 2004). Recent identification of these historically uncommon
circulating strains in both colonizing and invasive disease isolates raises questions as to
whether introduction of a vaccine composed of only selected serotypes could cause a shift in
serotype distribution in colonizing and subsequently invasive disease isolates to that of non-
vaccine serotypes. This would require ongoing surveillance following the introduction of GBS

conjugate vaccines.

Despite the success of intrapartum antibiotic prophylaxis in reducing GBS associated
neonatal sepsis in industrialized countries, the high costs and resource intensiveness is
prohibitive in industrializing countries (Black et al. 2010). In Sub-Saharan Africa GBS
neonatal disease occursin 3.06 per 1,000 live births in South Africa (Madhi et al. 2003), and
1.81 per 1,000 live birthsin Maawi (Gray et al. 2007). Further limitations to this intervention
strategy include concerns about the emergence of GBS antimicrobial resistance and absence of
reducing LOD (Moore et al. 2003). Although most industrialized countries have reduced the
incidence of EOD, in other countries where IAP is being practiced the burden of EOD remains
substantial, including in Finland (0.6-0.7), Spain (0.89) and Czech Republic (0.7-1.0) per 1000
live birth (Lyytikainen et al. 2003; Sastre et al. 2005; Strakova & Motlova 2004). These

findings may be due to missing colonization when screening for GBS during pregnancy.
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5.2 Pilusidland distribution

Ours, to the best of our knowledge, is the first study describing the prevalence of pilus
islands in isolates from vaginally colonized mothers and infants with invasive disease outside
of Europe and the USA (Margarit et al., 2009; Martins et al., 2010). There is no other
published data on the pilus island distribution from sub-Saharan Africa where GBS remains
the most frequently isolated pathogens in neonates (Berkley et al., 2005; Gray et al., 2007,
Madhi et al., 2003; Milledge et al., 2005). The data from our study were consistent with those
from industrialized countries in that all isolates were associated with the presence of Pl-2a or
PI-2b; Figure 5.1 . Pilus island-1 and PI-2b were ailmost always present together, and the
presence of the pilus island was largely dependent on serotype (Margarit et al., 2009; Martins

et al., 2010).
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There were differences in the pilus island distribution between colonizing and invasive
disease isolates and with respect to timing of invasive disease onset. A combination of PI-1
and Pl-2a was associated with the majority of EOD and colonizing isolates, whilst a
combination of PI-1 and PI-2b was associated with the mgjority of LOD, thisisin line with
the distribution of pilus island in isolates from Europe and USA; Figure 5.1. There was,
however, a difference in the frequency of pilus islands in EOD, in contrast to our finding,
Margarit et al., 2009 observed that a combination of PI-1 and PI-2a was associated with EOD
(44.1%) whilst this study reported 13.9% of EOD isolates to be associated with a combination
of PI-1 and PI-2a. The differences in the pilus island distribution between colonizing and
invasive disease isolates can be attributed to the stable relationship between serotype and pilus
isand combinations and indicates that differences in pilus island distribution between
colonizing and invasive disease isolates was due to the differences in capsular related

virulence factors rather than being associated with pilusisiand.

Our initial screening PCR which targets APL, failed to detect either of the PI-2 islands
in 15.0% of al isolates. Additiona screening for the PI-2 islands with AP2 as a target
significantly improved the sensitivity of detection, thus AP1 region of the PI-2 island is not
highly conserved in GBS isolates. Variability in Pl-2a was previously described by Margarit et
al., 2009, in a mice-experiment model vaccinated with the proteins of PI-2a which induced
variant-specific protection. This observation had previously raised questions about the
prospects of a pilus based vaccine that will include Pl-2a proteins, however, a recent
publication by Nuccitelli et al., 2011 applied a structural vaccinology approach to design a

synthetic protein with multivalent activity.
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Since a vaccine composed of multiple pilus island components has the potentia to
cover al serotypes, there is a need for in depth research into the global epidemiology of GBS
pilus islands, to ensure that vaccines in development are broadly protective across all
geographic locations. Despite minor inconsistency, our data on pilus island distribution is
comparable to the previous study by Margarita et al., 2009, and the similarities are sufficient
to confirm that the serotype and associated pilus island distribution in South Africais similar
to that reported in the USA and Europe. Based on this homogeneity of pilus island
distribution, a pilus based vaccine developed for these industrialized countries, should provide
similar coverage in South Africa. What remains to be determined is whether pressure from
such a vaccine can result in the emergence of the strains which lack pilus islands as the
dominant virulent types, as has been described for pathogen such as S. pneumoniae (Bogaert

et al. 2005; Singleton et al. 2007).

5.3 Genetic population

We report for the first time the genetic characteristic of GBS isolates from col onization
and invasive disease in sub-Saharan Africa. Our study showed that the GBS population
structure in South Africais similar to that from USA, Europe and few other African countries
(Bergseng et al. 2009; Bohnsack et al. 2008; Brochet et al. 2009; Davies et al. 2004; Jones et
al. 2006b; Luan et al. 2005; Manning et al. 2008; Manning et al. 2009; Sadowy et al. 2010;
Sdloum et al. 2011; Tien et al. 2011). There is a paucity of data regarding the genetic
population of GBS in Africa and none in sub-Saharan Africa to establish whether there is

clona diversity in our region. Multilocus sequence characterized GBS invasive disease and
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colonizing isolates into five (CC1, CC10, CC17, CC19 and CC23) and six (CC1, CC10,
CC17, CC19, CC-22 and CC23) major clonal complexes respectively. This finding was
consistent with other studies in industrialized countries, reaffirming that there is limited

geographic genetic diversity among GBS isolates.

Multilocus sequence type characterization revealed 19 sequence types in colonizing
isolates that were not associated with invasive disease isolates, while seven sequence types
described in invasive disease isolates were not identified among colonizing isolates. This
finding indicates that clones associated with invasive disease were less diverse compared to
colonizing isolates. There was however a dlight bias that was introduced in our study, in that
full MLST was performed on selected isolates that were a representative of as many diverse
alleles as possible based on a prescreening profile. This approach may have compromised
identification of other clonal lineages that could have been missed during prescreening.
Despite this limitation, our study provided a reliable insight in the genotypic characteristics of

GBS isolates circulating in South Africa.

With the exception of CC-22, which was rarely detected elsewhere (Marchaim et al.
2006), the five mgjor clonal complexes showed similar distribution to elsewhere; Table 5.2.
Collectively, the five magjor clonal complexes accounted for 97.5% of all colonizing isolates in
our study, which was similar to the 93.2% and 86.4% reported from the UK and six US
academic centers respectively, Table 5.2, (Bohnsack et al. 2008; Jones et al. 2006b). This is
also similar to a previous study that characterized maternal colonizing isolates from Poland
and Canada, where the five mgor clonal complexes accounted for al colonizing isolates
(Manning et al. 2008; Sadowy et al. 2010). Moreover our data is comparable to the data from

the Central African Republic, where the five major clonal complex was responsible for 86.3%
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of colonizing isolates (Brochet et al. 2009).

Although the mgjority of invasive disease and colonizing isolates in this study were
distributed within the same clonal complex, only one rare clone comprising three colonizing
isolates was not associated with invasive disease, which may however be due to the limited
number of isolates analyzed. Clonal complex-22 comprised of two sequence type lineages,
including ST-22 and ST-37, and was associated with only serotype Il in colonizing isolates.
Lineage CC-22 has previously been reported in colonizing isolates, and consistent with our
findings it was expressed mainly by serotype Il isolates (Bisharat et al. 2005; Marchaim et al.
2006). There was, however, differences in the frequency of the clonal complexes associated
with invasive disease and colonization, for example, CC-17 was significantly associated with
invasive disease whilst CC-10 and CC-19 were significantly associated with colonizing
isolates. Moreover, within CC-23 was a ST-144/la combination, which appears to have
reduced virulence potential, as no EOD isolate was found with this combination compared to
8.3% in colonizing isolates. The heterogeneous genetic feature from seven mother-newborn
pairs suggests possible external transmission or failure to detect multiple colonization in the

mothers.
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Table5.2: Global distribution of major clonal complexes among group B streptococcus colonizing isolates

Regions Y ear No of Clonal Complexes (%) Comments
isolates
CC-1 CC-10 CC-17 CcC-19 CC-23 Other
South Africa ‘ 2004-2007 121 19.8 231 19.8 15.8 19.0 25
Africa
Central African Republic | 2005-2006 88 10.2 9.1 6.8 43.2 17.0 13.7
(Brochet et al. 2009)
Senegal 2005-2006 75 32.0 17.3 12.0 16.0 22.7
(Brochet et al. 2009)
Europe/Middle East
Poland 1996-2005 14 35.7 7.1 28.6 28.6
(Sadowy et al. 2010)
Israel 2000 72 58.3 9.7 139 18.1
(Marchaim et al. 2006)
UK 2000-2003 190 20.5 17.4 12.1 20.0 23.2 7.1
(Jones et al. 2006b)
Germany 2001-2003 46 43 304 50.0 MLST performed only in serotype 11
(Fluegge et al. 2011) isolates
Americas
USA 1995-1999 770 16.0 11.9 179 40.5 12.8
(Bohnsack et al. 2008)
Canada 1995-1999 55 3.6 30.9 63.6 1.8 MLST performed only in serotype 11
(Davies et al. 2004) isolates
Canada 1998-2000 232 28.0 6.0 17.0 25.0 24.0
(Manning et al. 2008)
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The overal genetic characteristics of GBS in both EOD and LOD isolates in South
Africawas similar to that described from the USA and Europe; Table 5.3. Similar to previous
reports, CC-17 and CC-23 remained the maor clonal complexes in both EOD (42.4% v/s
23.7%; respectively) and LOD (57.1% v/s 34.3%; respectively). These two major clona
complexes have over the years remained the dominant clones associated with invasive disease,
in Italy CC-17 and CC-23 were responsible for at least 62.1% in EOD and 92.1% in LOD
(Imperi et al. 2011). In Germany 92.3% of EOD and 86.1% of LOD were associated with CC-
17 and CC-23 respectively (Fluegge et al. 2011). In contrast, studies from Canada reported
CC-19 (57.1%) as the most common clonal complexes associated with invasive disease
(Davies et al. 2004). This finding suggests whilst geographic variation exists, there appears to
be limited genotypic diversity of invasive GBS isolates globally, which are mainly restricted

to alimited number of clonal complexes.
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Table5.3: Global distribution of group B streptococcus major clonal complexes among early onset and late onset disease

Regions Y ear No of Clonal Complexes (%) Comments
isolates
CC-1 CC10 CC-17 CC-19 CC-23 Other
South Africa 2004-2008 131 18.6%5.7° 8.5/0 42.4/57.1 6.8/2.9 23.7/34.3
Asia
Taiwan 2001-2004 17 59 9.1 41.2 17.6 235
(Tien et al. 2011)
Europe/Middle East
Sweden 1988-1997 102 118 333 28.4 14.7 11.8
(Luan et al. 2005)
UK 2000-2003 190 25.0 10.9 26.6 17.2 15.6 4.7
(Jones et al. 2006b)
Germany 2001-2003 185 66.7/79.8 22.9/13.5 6.3/2.2 3.1/4.5 MLST performed only in
(Fluegge et al. 2011) serotype 111 isolates
France 2003 67 45 67.1 5.8 134 9.0
(Salloum et al. 2011)
Italy 2005-2008 75 13.5/0 48.6/81.6  10.8/5.3 13.5/2.6 13.5/10.5
(Imperi et al. 2011)
Norway 2006-2007 96 31.5/21.4 25.9/38.1 20.4/14.3 3.7/14.3 18.5/11.9
(Bergseng et al. 2009)
Americas
USA 1995-1999 129 18.6 17.8 10.1 36.4 17.0
(Bohnsack et al. 2008)
Canada 1995-1999 28 35.7 57.1 7.1 MLST performed only in
(Davies et al. 2004) serotype 11 isolates
Canada 1998-2000 181 19.0/8.0 17.0/57.0 27.0/20.0 24.0/4.0 13.0/11.0

(Manning et al. 2009)

AValueindicates early onset disease, P-value indicates |ate onset disease
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There was, however, no significant difference between invasive disease and
colonizing-isolates within the clonal complex distribution when analyzed by the capsular
serotype. The magjority of colonizing and invasive-disease isolates within CC-17 (95.8 v/s
92.9%) and CC-23 (91.5 v/s 83.3%) were mainly serotype |11 and la, respectively. In addition,
the identification of three (1%) serotype IV isolates within CC-17 may indicate capsular
switching, since CC-17 was exclusively associated with serotype |11 (Bohnsack et al. 2008;
Imperi et al. 2011; Lamy et al. 2006; Luan et al. 2005). Serotype IV isolates grouping within
CC-17 were recently found to be genotypically similar to serotype Il strains compared to non
CC-17 serotype IV strains (Bellais et al. 2012). The likelihood of capsular switch from
serotype |11 to serotype IV was evident at the molecular level because the flanking genes of
serotype IV were found to be similar to that of serotype Il isolates (Bellais et al. 2012). This
finding indicates that the recent description of serotype IV invasive disease in the USA and
Europe might be as a result of isolates belonging to the hypervirulent CC-17 (Bellais et al.
2012; Persson et al. 2004; Puopolo & Madoff 2007). Whether the capsular switch occurred

independently in different regions or is due to spread of a single clone remains to be explored.

Other than one Portuguese study (Martins et al. 2010), there have been no other studies
describing the relationship between clona distribution and the distribution of pilus island
within GBS isolates. In this study, we correlated the distribution of clonal complexes to pilus
island, to establish if there is any molecular association. Our findings showed that 94.1% of
colonizing and 89.3% of invasive disease within CC-17 were associated with a combination of
PI-1 and PI-2b, while 80.0% of colonizing and 88.9% of invasive disease were associated with

PI-2a. These findings were partly consistent with the study by Martins et al (2010). It can be
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suggested that the association between clonal complexes and pilus islands might be influenced

by the capsular serotypes.

The overrepresentation of ST-17 (41.0%-67.1%) has been confirmed among invasive
disease GBS isolates (Fluegge et al. 2011; Imperi et al. 2010; Salloum et al. 2011; Tien et al.
2011). The enhanced invasiveness of ST-17 has been previously found to be associated with
ghbs2018 dlele C (Lamy et al. 2006; Tazi et al. 2010). In agreement with previous studies that
described the association of ST-17 and ghs2018C, all isolates of ST-17 and its single locus
variants were grouped within the cluster C (Bellais et al. 2012; Lamy et al. 2006). Our
findings confirms that there is a strong association between genes encoding HvgA (ghs2018C)
and certain genetic markers, and that identification of sequence encoding the specific allelic
forms of ghs2018 can be used to identify ST-17 specific GBS isolates. Isolates representing
serotype IV carrying a ST-17 single locus variant were also grouped within cluster allele C of
ghbs2018. This finding illustrates the need for ongoing surveillance as efforts to develop
serotype-specific polysaccharide-protein conjugate vaccine are underway. The evidence of
capsular switch from serotype Il and IV may be a concern on the effectiveness of future
serotype-specific vaccines excluding serotype 1V, as serotype |V associated with ST-17 may
emerge as a serotype which causes “replacement disease” in the presence of vaccine

effectiveness against the targeted serotypes.

The experience with other conjugate vaccine with regard to changes in incidence of
non-vaccine serotype disease in the presence of vaccination has varied. This includes varying

increases in non-vaccine serotypes disease following the introduction of pneumococcal
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polysaccharide conjugated heptavalent vaccine (PCV7) (Barricarte et al. 2007; Singleton et al.
2007), while neither meningococcal serogroup C nor Haemophilus influenzae type b
conjugated vaccines have resulted in any significant serotype replacement disease (Ladhani et

al. 2008; Trotter et al. 2006).
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Chapter 6 Conclusion

This study highlighted that the difference in serotype distribution between invasive
disease and colonizing isolates is related to an increased invasive potential of certain GBS
serotypes rather than due to increased risk of transmission of these from mother to newborns.
Anaysis of the prevalence of pilus island showed that the difference in the pilus island
distribution between invasive disease and colonizing GBS isolates was influenced by the
capsular serotype. Moreover, this study found that there was an overlap in the genetic
characteristics of GBS associated with colonization and invasive disease, with certain clonal
lineages appearing to have a propensity to colonize than causing invasive disease, and

similarly there was a genetic rel ationship between the capsular serotype and clonal lineage.

Additionally, this study has provided valuable data on the serotype epidemiology in
South Africa, and the potential efficacy of GBS conjugate vaccine against capsular serotypes
la, Ib and 111 currently under clinical trial. We reported that the vaccine including serotype la,
Ib and 11 has the potential of preventing 74.1%, 85.4% and 98.2% of GBS associated with
maternal vaginal-colonization, invasive disease in EOD and LOD respectively. Equally as
important, a vaccine containing the ancillary protein 1 and 2 of each pilus island can become
the basis of a universal GBS vaccine. Furthermore, the study showed that emergence of
serotype IV among the invasive associated clonal lineage may in the future limit the
effectiveness of a trivalent GBS vaccine. Hence this study suggests that monitoring of
serotype IV in colonizing and invasive disease isolates is warranted. The outcome of this study
contributes to the research focusing on the development of an effective vaccine, either a pilus-

based or polysaccharide-protein conjugate vaccine.
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Above al, there are important gaps that still remain globally, including investigating
the sequence conservation of different pilus island proteins, their expression in GBS isolates,
and determining the specific antibodies against pilus proteins that are required to reduce the
risk of GBS colonization in pregnant women. These issues are important in determining the

optimal formulation of vaccine antigens, and moreover to predict the impact of a pilus based

vaccine.
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Intreduction

The sueces  of

linmp B shrpiocons [I'FHS] han been wennfied as @ |1||.1j||r
cave of neonatal wdection sioee the 1970 [1.2]. GBS sequesition
lwe mewhorns from muternad recto-visginal  colondzation 14 an
estahlisled risk Gicwor for GIFS sepsis within the first 7 doys of Tike
|.'i| Vil m:'ctuhinrm ol (S, |1|.1'n|n||g_ cobonmsiitnn of the skm
or fecous membanes, occurs 5% o 30% ol newlors borm
n Lilis colonized mothers. Anoesimmed  1=2% of vewhorns
volomized by GBS develop ivastve disease [4.5].

AMaternal ssurmation aguned (GBS, amned ar possthly: rechecing
mderrel colonizaion angd enbing |:|'iu|.l|pl.||::'r||.|| eroamsler o
st -G5S oty 1o ther loeiu, 1o betg exgliced o prevent GBS

- '.
{3, PLOS ONE | www plosaneofg

maternal imananizion in preventmg young  mkam e biding
and r|1||rl.:||.i.|:L' i hest characierzed by the wecomss o tetans
mraniwstion program s insctivated bllaeses vaccme soudies
churing pregnancy [1,49)

GES sertyvpe specific pulysace hende-protein conpugite vaccme
':'nlIlEI'J.i.I.“'!. ]IIL'JIJIJ UJK ‘_'t'l.'lll'.\'FF.'I ln.'l. Ih‘ ilI.IIJ [” II..-I'-'I' IM:!'I'I 1"-'4111!“.“.1"
few sabery anel inamunogemicaty 6 10]. These vacaines are expected
wo provide segotype specific protection, heoce, the nesd o
uwidertake serobvpe charscienizacion of coloniing and s
GBS asolaes, and csmmatnng the sevaove. potenid of Eodivicad
SETHTIE LiHs wrlng.]:lin-; & hased on the Wenilicanon ol st i
cagsular poboacchinde (CPS) cpatopes (En, W, 11 o IX) [1L12]
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There are Timisel daga on GRS waery an -:p'nhitmir-l-:m ansocied
with tecaocgeniind matermal colonization o fnvasise discas in
mlivms from inchstraling couniries,

W umed wo L ostudy the sevotype dismibnnion of GBS solate
associated  with  (olonistiom in motheroreborn dvads. B
charsmerize the capaular wemtype distributm ol imasive Golaes
frowmy imfamg woed i, commpare the relative invasive posential of
Cell= sEFLIVes assciaard wili earlyrmset dise s

Materials and Methods

Ethics Statement

Avadysm ol the GHS bsolates lor this stady was appeoved by itbe
Husmun Besearch Eihies Comomigtes om Human Sobjeces (HREC)
al the Universy of the Wiswitersraned, Suged imlsmoed consend
Ten godlewtion al the isoloes was nhenimed om sy panicipons
of the PulS siidy, whisl was alsi approsed by e HREES, The
Fobs study wos egiarred b (linwal Tialegey [Trial mambier
NCOTOO | 36370}

Study Population

The seueky wes conducied @t o seatelary-tertinmy cure lospial
Cheis Humi-Rarsgwimal b Flospil; CHEHY which  provide
lealth wire jo on wrban popabkstion of 1.5 million bgemo
Al ans |i'n'|n| i Bowetn, South Alvica There ase 1||J|u'\l":l:l|iJI'|n-I.r|:|
8 000 bmrrhes amimundly b Sewoete, T5% are bom at CHBEH and ihe
imsinder al ue of seven |l|rrm||1.¢im.'p;|:|nm1.‘ilmuﬁh care ¢lings,
The mnim'il:,' of Bowenn chilchren n'quiri:.g hnqiiulbml:inn ary
aihmied g COHLEREL,

GBS sobues ooy mothers pewhborm dysds were idenified from
participans invobverd inthe Presesion: of Preimansl Sepsis (Pal®s)
il wilorakon a1 CHER besween Apndl S0 o Chowler 2007 a9
meprarted [13]. Brsdly, motlers weie mandomized dhring scinn
labir for mmevapnal chlothexidine woshes @0.9%) or exienal
geaitabu wipes with water, Vagino swabs sere ancemaken grior
10 i badEn ol iy uudv;lnm'lil.rr' amtd wwabn were ohinzmed Eom
the rewbarn's vars, nose and ummlsilicos shorily afier bivih. The
wwiilis watte iEvisgmriee] i Amibes medhism ail processal osing
wtavclard fcodobingical mssays as deseriled [15] The PalS sy
mihicoted  the  nra-vagpml  dibkrheddine wipes were e
aunciated wits wy reduceion i verigal aeguisicen of GRS in
the newhama [1] Serotyping in teis soudy was, pevenbebes,
Tirmvinesd 1o mondverenperwhem ﬂ\'nﬁ. wly hod been ramlamised o
ithe placeho amm ol the PaP5 trial,

In addition, prospective surveillance of early influn sepsis m
CHBH was wisleraben froin Janwry X100 0 Decemles HiH,
GRS jsolaves fom Bl and cerebrosganal  Taid (CSF) Fom
miliuts with twvasne disesse, idealiod s port of matme medical
care, were remevid fiam the bormtoey, The bolies were siored
at =T0°C n a beoth comtaining shim mibk, trypione, glacise and
gheend (S1GG) a the Hespiratory snd Meniogeal Patlsegeo
Researels Lni, Johasnestnirg, Sauth Afnea, whens serofygang
wits sulisenuienily wisherimben

Latex agglutination capsular seratyping

Capnolar seroty ping wiss perlommed with the loex sgelutination
mwthod with specifi antscra agains types la, Thand [ io IX OPS
artigens [Bunens Seram Tnstioge, S50 Sweden) s presiosly
dhesribied by Slovved of af [1H]. Dsolates s were peactive 10 wra
againa seroqype T were Roedver tesed with sern againsg seronype
WL st diar coods reactnaty. Liolases dhat sested neguzive with all
autisera were desiguited us sealogicnly non-tgesble and frher
rypecd b PR The GBS strains L (S51-615) h S561 1), 11 [58-
19, N1 [SS-G00, IV (S5 DN, V(551 160, W1 (850054, v

(. PLos ONE | wiwplosanearg

Serotype Distribution of Group B Streptocooons

[55-'355}. Wi I:SS-H.H:}. amd % {E'H l!‘:l were usee] an Ay e
speeidic contmal sbrmine.

Malecular capsular typing

Lsisdates tlesigrated us non-ypeable by laex ogulusinetsom were
clurncivrmeed |!|-]' n modeoular |‘u|.|-uh.r IH'HIJIR HELL DA was
easracted with the QEAamp DA ming i (Chagen GmbH, USA)
as per mumifachimre’s recommendatim,  Copaubsr typing wis
perdormed with & sisgleplex PCR - method for seronvpes Ta, Thy
IO TV anel W ousiny premer secpuiences eponed by Povort o @l
[E5]. The gene encofding s wis el a0 a0 posmh contid for
CBE idemificniion.

Statistical analysis

kura wierre u:l.n.l:.wrd g Enr.ih.p.lr! Prism version 401 wnsd
STATA version $.0, Semeype elmtrination bwerween maieenal and
nemmtal molonming scains, ol srole coostog. nivistve dessase
wis determmed by o two wlled Fisher's exact s, Logale
regresson wal wwed b detennine ibe assonassen of fregqueency of
seratypoy i relation do e timing of onser of nfos sepsis s
tispise svniclmnee,

A mapernal colomgation s p primsacily vk Geoor for early onse
= Tibayn of age) GBS discase, anallyses ol the bivisne potesitial of
(RS tealibes wais resiricteel b opraceles wighim 7 davs ol birih sl
sereypu associated with Lae orset (27 diys ol age] were exeludied
Invasive pedential ol iedividonl  serongpes wan estimaied by
ralcularing odds rotio [ﬂ“} using sernrye M a5 & fxed rederemoe
sernity e, wingw it has leen |1|l|.ni|nr|'||l:, shanwn o be vhes st
prevalent seratype i bot colunizimg asd invisive disease mdites
It methiesd has an advaniage over colalising, O by referonee
ey all ather seootypees becaoe the seuling csmmede s a ol
mezsire ol bwamove poentisd, Tle elove sembype-specidla
[TETAES TR pl:ll-:':n:i.uil was cadmuloed besed an the fommla of odds
o [OR} = oy ) an ddisoribedd by Brocgeeonsann of & [16].
Whaere Ma" s the mmideer ol cady oieel Bolotes ol o specilic
seraiypen Y b e mimler of carky oaset slaies ol semivpe T
et ode the numiber ol thal specific seroype lrom maiemal
oolrmizEation solvbes and “d™ 1 the number d'#ml'ﬁw T -fram
maternal colonimiin Eefaese Associaied #5% confidence ineers
vals ([953% C1) wese pstimated. Wihere twe isolures of the e
seranype wern ohtained from the saawe milan, only one solaee was
incluclee] = the analyas

Results

Cherrall, GRS wis idemtibed Eom dhe g of 551 (205%) a2
561 methiatrs wnd Froen the ki sccisal siorface of 402 {1 5.8%) of 2
42 mewhaonm o cmopliems whio wers swalsbec, G wi idemified
T 2B 5% aew boove ol the 551 muothess whio wers klentilied o
b vageially enlonteed by GBS during laboa, In addiion, GBS was
ol idenified inoa ey 113 (5.6%) newborns orn o L0010
muithery i whom GBS was it detecied on vagmal swaldamg,

Aotal of K4 GBS jsolates sere obtatined fom 262 infams with
irvasive didase, These ichuled 222 (oo blisod (77.0%) and 62
[ CSF (21,1%), GBS sidutes wiere abiaimed from bilood s
CSF from vwo infani The age distribation of inlams with invasive
walnmes included 157 (31.2%) under 7 rhyh ol agre, 108 ﬁH.l,P!"-J
between 7 io B days o age anad 39 {137} Frarm childrmen aldey
thaiir 10 ehawvs ol age,

Serotype distribution of maternal and newbom
colonizing isolates

Eiﬂ'l:uﬂfnq was dase on 51 m.zﬂ.] ol 53] avmlalde isoloses
olanined lrom cobnieed mothers and o 396 (9H5%) of W12
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availuhle isoksies froom colooeed pewldwons. There wen oo
differenaes i the serokype disir@ssion (i pol thown) betseen
Ialaten frown IV <imlected wemen o= 119} comparad o HIV-
imidented womaen [n= 408 P=003) A il of 106 (19.6%)
wsdernnd and 76 (19,2%) newborn coloaiang GRS sobsiis wene
serobmgrally me-yvpealile [Table 1} Moleculer capaubar pvpiog
wiin suceessful b ilestilineg o copeular serolype g B 173
5. %) ol she 102 so-rnlng'i.r'.hll‘,' :u:ln-q,-];nhk colombng asnlnaes
(Fable 1L The Fequency of werotve  distobubion . beiween
seruloyarally t\lqwzlﬁe dsnkates compared i thase anly I:ﬂ'l'.ﬂal- Iry
TCR differed oo follows: I (32.4% v A%, reepectively;
P=CUEH), Th (4% v 25 1%, respeciively; P=S(Li0N) 1
{13% s bl e, respectvedy; P=OU0004), TIT [(40.0% w 22.5%,
I1"|.|'n¢<.‘15'|-'|.'|y-; P{ﬂ.l'mn: (LY [i.ﬂ-‘:& v 15, |'ﬂ|r1.'li.'|ri'_|n.
o)) md WO(H08% v 48, orspeckivedy; P 009)

Chvrall, of te coloninm olaus, wrodype 1T was the mios
wurimiodt by moethers (37.0%) and pewborns (36.2%) (Talde 1)
Callertvely, serotypees L, Th and 11 seconnied foe 7400 % (4007
ﬁ'El] of mupernal amd GELEY, PJ?.’l.u"fmb-:l ol mwlsrn tl:ll.lJ.Ili?l:i.l‘l“
ol There wire o diflerences mothe relative Treguencie of
anwy of the sereiy s btwrern colimeed motlen and colonimed
vewhirne. Laolies were available S seratyping froos 260 (96.9%)
ol 230 mysther -natsrn pakrs whio were both colonied wich GBS,
amorng which theme wis B35 T 2542000 concardance i serotpe
testwnren the motleer and ewborn soelates, Tn additon, masive
GRS disease g o mesaly of seeotype T (o=3) ad Ta =14
oecusteed n osix pewbore less than 7 oduvs of age ln whom
1'r||r|l|1:|:i|:|g talites awere avsakible from the mother snd the
mewhiar, of wlich the imdsave serotype was ideotical m e
adiliEming sEronpe i ol ol these s liorm,

Serotype distribution of invasive GBS isalates

The demmusant serotvpes sy mvistee disvase m b los
thai 7 days auwd b thisie aged between 7 10 90 idays were serotygee
HE {537, 7% wo 8405%, rewpeoivehs P00, 0000 and serosype Ls
(s v 11597, TH]::'I1iI.["|'!.‘; 1'=IJ.IIII]. Tugeher, thee sToe
typees oo Fae O0.5% of Dnvsive GRS dSeane ooomring in
meanua s less than 7 oddays of age and D8.2% of ivasive disease
occurrmg @ anlanis aged 7 oa0 W daye Serotypes 11 and
ngether arcmeed for 33.9% ol mvasive GIS sobeies ECTUITing
it chiletven odder than 000 days ol age, Tnadividually, seearype T, 11

Serotype Distibutian of Group B Sireplocoecas

IV, mnd WV accoacmiesl e less thinm 6% ol imvssive solaies in indaanis
lews ahan 7 cys ol spe anel in iofinss aged 7 o B0 duys, Mo
tvasive nolate wos rescrive o sera against serotypes VL WTL VT
and PN Afver adjusting loe the wpe o specimen from where thie
tidite was meroversd (e Blood oy v CSF) and age group,
sarype L remained the domanam case of myvasyve disease i
i el 7 a0 90 elaye (A usted odeds vt 560 95501 1, %0-
G, PRl

Seroloypeally novshypeslde bolaes were ks commmam fmom
imvmesive (IS isplates [Jll.-"ﬂl-}; 7. 01%) rrm‘uml i maiernzl or
mewborn caloniging ielnies [if-||.r||.1_.-|;|i: urrnq!.'pi.ug by TR was
mcvensfial i airibnaing & sevetype il serologically ety peakide
visive salstes {obile 20

Estimates of the relative invasive potential of serotypes.

1Tere e spndicant differenees m the ety e dhistralusison
Ictwern mvosave molices rom maemies younger than 7 doys wod
muierim]l’ cidmizing solaes. A higher P’l'\trlull'l.illn ul vewliorn
tnvisive bokstes i those less tlean 7 davs age were siemrype HL 797
13T 57, 7% comgerredd o meaternal coloniziag isolaies (HEGHT:
AT6%; P=00001), Comeersly companing invasive isolaes s
mewhiorms under 7 chys oo maternal coloniang isolaies, serolype 11
[TA137 (5. 0%} re GLAS3T (1L13%Y cenpuctivedy, P= 000K and
sorotype Y [BOLT DE%) o BO0ET (H0%)  nespecthedys
B (4] were bess common as ivasive solses | Table 3

Discussion

Lo o knewlledge this smdy provades the mot 1osdepth motgh
adl il servl e upirlmnin]l:lm ool wedmieiing isoleies i mssbers
wewhom dyads and invasive GRS slates in oo indusriabicing
wonintry sedtlng, and partdealaly fFom Afibea. Athouagh thene ame
experntve dala on imabermsl colmmting semospe disidbution from
inclsrisled conmraes [17, 1], theee are limited doo comparing
serabypae chisiri tion from eoladeed s ox) deie sewhorns
Troenn el wstrinfizmeg connires {19020) The fclimgs o onr sy
e ampilar bis those reported desylene, [5 005 and confinn tha
muterial GRS vaginol-ookon mation i commonly (32.5%) weet-
ated with mdani colonzeation. The vertical transmssdon ol GHS
Imoos mcther e the pewhorn was cormborsed by the h.i!,[h
comcordanin of matching sewaypes in e cedonized mothor

@; PLOS DNE | www.plsanieorg

Table 1. Sarotype distribution emong maternsl and newborn colonidng Group B streptococeus Molates
¥ valisn
Comparing total of
matssmal v nawbam
VP Maternal colonlzation Bolstes Heoonatsl colomizst BTy
no e 541 PcR* Tatal Latex PR Total
e e o o= 841 no=¥9s nonTh no=3Es
M 146 (0 17 {1800 163 @At M 10 (13 108 (373 Pl
3 222 @ menana wasn o M Pears
] 5 1T & [5T} a1 e A5 11.E Rl A7 1. F=DBa
" 17 BLRE N R2Fpan BLHEAT] 143003 L2
1 Mm% LERA L i a0 Em 513 LERNEA] 18 {&5) F=051
v a0 74 154 s5nen 3 mE RERIES = 1m “Panst
LR T 106 (158 a4 128 TR 5 [08) P=0322
“Maleculs ssintype dertiicaton by POH wis done by primers. Gangeting seofppes 1a b0 W,
dai ML AT N o ma | pone OO0 PG 80010
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Table 2, Serotype distributhon amaong invasive disaase
molates from early onset (EQ5; <7 days of age), late onset
diseases (LOD: 7 to 90 days of age) and in children older than
90 days.

Early Onsst Lot Onest =90 days age :l:‘:::
Serotype  now1E7 = 108 no=39 LoD
la st snys el P
m THEIEN 0 160 Hm 6 [T 15y P 000
l TR o [ o sS4 Fennm
] (&I LUNEER - TR b H T T P00
m BRI REES @ (o) o ool im Penar
v B [0 158 20 617 [154) P=m1g
Nt bl L |

"Figurn in squaned parerthaesls mdicates mumbser of kolaes which sem
el ogically nor-redctive ban ypeid by FOR

Fagued in munded pamnesls i§ 3 peromage.
10,1 37 o arnval porvie D04 TES 1003

mewhorn dyads, Char stidy, however, alio sdenifiod GES in |13
(281 %) ol 402 colonieed sewbars bor o mathers nowhom GBS
wivs nob identified by '\.uguml swaliliing,

The later, a3 sl a2 the incomplee, allei high, conoonlance in
SETOT chiserbuation  seowcinted] with oobonooatlon bs motders
iwwlorn dyvids in owr gudy may be duoe oot Emiistions of the
-ﬂmﬁ. in the semsimary ol i:lm:ilv_.1|1g matrrnal  colonization,
Hmmations b deecimg conceument mubtipls colomilang serovpes,
Ak Ftluﬂ'll‘g.- m’qui.-oil.il:m of GES [roan ioti-mutensad souroes th.n'.i.lll.:
or soon after binth [21], The excluwion of reotal swabs o detent
GBS colmizion may  have compromised  the sensitiaty in
deterting GRS eolunizaton [22]. Previous siudies have repared
that the seontivity of deiecting GBS coliization in pregnan
wenmient by vmelertakangs both rectal wed vapinal swnbe s 18 5%
5% higher compared o kg vigmal svabs alone [25-27] and
AlEesty thai mivtermnal  rectal  colon enton iy he irl'!'lnl'l.‘ll'rl
source for soquaikas of GHS noewboms Addisooodly, the yekd

Serptype Distribution of Group 8 Strepiococous

of GRS o vigmal swablnng undernalors alier e omset ol lubor
v have beaen alfecied v dminillg ﬁrﬂmr I1l|||w1'r|g the T ol
thr plicental membranes, Comseguently, our shudy poovides o
minimal essimate as o the prevalence of GBS caloaimiion in
progminl woten during babor, a9 owell @ the pnlrn:ll'l.i:m vl
inlimized pewhorns who lave acquired GBS rom their motlsers,

Tt wresype adistrdrtoon iclennified in bnasive solmes inoour
suchy o commistent with other smaller stodies on imvesve sokates
elaewhere from HSub-Sahacan Africe soch s i Malaws [28],
Aarmtwbwe [BH, nod oo cardier study ot the e centre s this
stuely feoan |97 =194 |50} The sevotype dmin ol invasve jsobaies
fium this stsdy are weoertbedess angeeion as 8 coolirmes g
whsimes of wmporal variation in serodype disoibaion of unvasioe
wilites over more thaa decade it stucky-settbigg, [50] This las
positive ingplications for ithe design ol seroypespecilic polysac-
charide vaccmes for preveating ol newlwsen GHS \I.'IBI.L

Sepotype [ was respansible Tor #0048% ol ivasive GBS discase
ey dnEanes wndder the agee of 00 dlays, wlideh ds in keepiog with
other snebies fom Sob Sahorn Adeica (96 0-505%) [ 2530).
Serodype o was the second most requenily identificd finvashoe
serotype o infant wesder 90 ko ol age noow snehy [1E %),
comalstent witlh previous sidies from South Adeica (28.7%) and
Abilawn (21%) [HL50], These finckings are sl consisent with
serotype deabution ditis of brvasive solats @ voung indiiats oo
mhstridiesd comiries 1H N b D3 fnr sepype M and 5%%
15% [or serotyvpe Do) [31=34]. Owerall, 85.4% and 952% of
imvasive mobeies in chilclren less than 7 r|u.1.'l s Ehicise ||.|5:'|! T i T
cliyys of agr, pespectively Belosgged g0 serotypes L, Thoor TIE, which
wre curremly being considesed an senoropes o be ncluded inoa
pohaaccharxde-prowein conjugen vacane agimt GBS [6 10],
Similarly o erivident seronpe-specific GRS vaccine meluding thse
aerritypes winlid provide posential cover agadnst s least W% ol
mvasive serovpes i young infmn m USA and - Ewropesn
o |[31-34].

Che dita ediwaned deig sevotvpe TH OB = 228990 wan the most
imvsive of all smurlied seroaypes busord ona methed o wralysis
deseribed Iy Broeggemann o af [35) These datn e also
consisresd with |lir!|'|.ll|_f_\ frvm I'r_mlu.!_:.'l.l L M= I.-I-E:- I.'H-]_ Sweren
(OB =%61) [31]), and laacl (OR = | 84} [36] where ihe s

:@:; PLoS OME | www.plosone.org

Table 3. Estimation of Invasive potential of Growp B streptococous (GBS) serotypes b different countres.
Serutype Countey
[F] MY ™ 4213 na 1520 48 1373
045 0310771 (1,52 G3-367) (1.18:0.41-1 18] (137, 011 153 U3~ 567 10,23 Q07-0.70¢
i wro B Wy 150 HD A B
50 021,10 (LA 0082931 £RL0: 0,05-1.57) 014 0.03-08) M2z a-127)
1 7 Adi 214 M HE )
.30 0.0 0T (LB%: 032-22T71 WA 034-203] 25 00N-1.07]
(.00 1.0 100 {108l [ (13
i [3WE] &1 [ ¥ HD MO
(065 B23-1,79) CELEA: L0744 6 QLf 1436
¥ i £ Ty &R T 152
T3k 017085 (Sl 0.21-1.39) 1O B25-1.05] .25 0 1-0.75 I0.17; -0 BT, RLO2-0.30)
In owr dxta two irclates of the @me sentype |Le 1 wore cbisred from g ame infent, and only ore salsie was bncluded in the snalysio
*alus indlicares inlonlsing Rolaes
“alie imdiate rocaatal invashe solate
Salue i parenthesis indicates DR and 95% ©)
"N N data for elither invimive, colonization or bath solies
ol 100127 o uenal pore D01 T8, M03
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methad win msed, Thie wy this consisiency we bevchmarked
movastve protentiad of odser serorvpees with e T s g velerent
acrabype [1a] an summariged i Toble 3 The dam comiseniby
reporin Wl serotype [, 11 and W, are bess mvishve thin serompse
L Howewir, the bwasne potenttal of seonge L s varable
srrmes diffirent b In Sonth Afren, Taiwon et The Nethere
Lanchs l?‘l]‘T. sEFOLype Tz ‘'was Bews invasive than type 11, alelsogrh
more mvassve in Porvagal [#4], lamed 6] and Sweden [31], The
ieasans for variation minvese T.Iil-rn:l.'n! al’ sy la rrpuﬂrﬂ al
dhilferent sites are unclear, however data froms Portugal suggess
that the hgh smvassee index ol this sevoeype can be weribnesd i o
heanan clone (571228 wnd $T24), sogesting st the undedving
genitype can mlbence the mvisdve potdenial

Serotype W owis wleniified & ke proportion of v
trodinies (6%} in osir sy, wiich & consistent wath earlier siuches
frevens Seith Afrwea (55%) and Malowd (B0%) [28,.30). In the
Uliead Santes. semtype Vs respusnsihle for a high propomion o
the imvssve cises ERTH S infomin {T1%) rﬂq ﬁrimilnrlr._ 'l Il.ig;hrr
prevalinee of serotype V' hes also been repored in sindies from
England and Wales [13%) [[19).Recemit identificaion of thes
sterically wmannmeny circufationg st i bath dslom e ton amd
v disease paolobes moes -.'Fﬂl:inml- an by whether miroduction
of & voccine composcd of the mesl commen owagve sTstypes
could caise a shilt by sy istrilusion I colamization, and
b disemse. Thim wirrnm e need e ongoing indermational
survetllance ol mvisive GBS serobypes o onder o cgetmize GRS
vaertne [rrmlasions.

Chir sty demomtrated differenon between: serotyse epackzom-
ul'.uq: ol midaies gosocimied with onastve dibegse 0 newdwors
copppared] in matemal cobonivieg solages These ndings oorroh-
ot the finding of other seodies Trom indust dalised comtn
settmigs [FLERAT). e study, however, danlicd thiat the
ihlference moserotvpe distibuition between mvasive and colobizing
wolnies is relaind in po increassd B r.u'l.rnﬁ.ll al cerimin GRS
seronypes (e, I8 anel 1a) vwsber than shee o increased dsk ol
acijuisition of thess by the newbam Tiom the motber,
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m nchotradiisy coumries (0], Fonher limiations w e
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inferention sty nclwle cocerm aboun the ensergencs of
antimiirolial redstaee i GBS, and 4 bk of eificacy i reduring
LS peymts m bdunis older than 7 days of age [41] A ooresull,
neertintal morbidity die 1o GRS remaime 4 Fud-li:-h-..hl: '|'.|.ml|l|'m.
In Sub-Saharan Afrca GES nemmatal discase ocoors i 306 per
LI live birds in Soath Addrca [10], and LR per 1Kl
lorths b Malawd [28]. Conmequenady, the agrneda ol maemal
mmmumzaton with  GES vircmes amed  al et redocing
mmaternal rectosanal odonieatdon, or proeenting disesse Qo the
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exploret in swttmgs with o high bomden of GBS diseme.
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Distribution of pilus islands of group B
streptococcus associated with maternal
colonization and invasive disease in South Africa
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Gmoup B streptococcus (GBS) i a lsading cause of naonatal sepsis. Sorase-dependent pilus-
likke structuresa have been identiied on the surface of GBS, and have been found to be important in
the adhesion end sttachment of GBS to host cells, Threa pilus sland alleles, Pi-1, Pl-2a and Pi-
2b, hove been described, and ithelr protelns are being explored as vaccine candidaies. The pilus
slands from 541 colonization isolates and 284 invasive isoates were charactered by PCR. Al
solates carned af least one pllus isiand, and they were identified alone ar in combmations at the
fellowang overall frequancies: PI-2a, 28.8%; P2k, 0.2 % PH1 4PI-2a, 24 8%, and Pi-1 4 Pl-2b,
45.1 %0, A eombination of P-1 +Pl-24 (28.7 va 17.6 %) was more common smong colanizing
comparnzd with mvasive isolates. Cormersedy, a combiration of PH & PE2h (37 2 vs 60,2 %) was
more frequenty associated with mvasive disesse compared 1o colonzaton, Thens was a slong
associabon batween pus (slands when adjusted for saratype distributon, Pl-2a was donbilbed in
92,6 % of colonizing and 90.0 % of invasive seotype s isolates, whersas serotype |l was
associated with co-expression of a Pi-1 and PI-2b among 84.6% of colonizing and 98.5% of
nvasive isolates. Based on this homogemneity ol pdus island distnbution, a pius-based vaccina

FAocaplad B Detober 20003

developed for Europe and the USA will have simiar covarage in South Africa,

INTRODUCTION

Group B streptoceceus (GAS) is 4 commensal bacterium of
bath the geito-urinary and gastrointestinal trace, and a
leading cause of neonatal invasive discase (Ho of al, 2006
Qintan o al, 2000; Schuchat, 1998). Development of o
GBS vaccine requires identification and charscterization of
antigens from GRS isolates from geographically diverse
setings b0 determine the optimal vacone formulation
candidate antigens (Laver ot al, 2005; Maione ef al, 2005),
The roles of ‘external structures or surface molecules on
GBS biology and  pathogenesis, and their potential as
vaccine candidates, are being explored (Baker & Edwards,
2003; Larssom et al, 1999 Maione et al, 2005 Margarit
ef al., 2009).

Genome-wide analysis of eight GBS strains bed o the
identification of genomic regions whose genes encode pilus
structures that extend heyond the bacterial cell-wall
peptidoglvean and the capsular polysacchande [ Dramsi
ef al., 2006; Laver et wl, 2005; Bosind ef al, 2006). Pili are

Abbraviatians: 90001 5% confidence interval; GBS pgrose B
stepiocecous; HREC, Humpn Resesrch Ethics Commitios;  PoP5,
preventon ol pednalal segsis

formed from polymerized proteins, which have an N-
terminal conserved signal peptide and & C-terminal LFXTG
maotif; the LPXTG domain enabling covalent attachment of
the pilus proteins to the cell-wall peptidoglycan ( Lalioni
et al, 2005; Nobbs e al, 2008; Ton-That & Schneewind,
20041, GBS pili have been described as contributing to
(i85 adhesiveness and supporting the transcytoses of the
bacteria through  differentiated  human epithelial cells
(Pezzicoli of al, 2008}

Three pilus istands: (P1-1, PI-2a and PI-2h) have been
described {Lauer er al, 2005 Rosini of al, 2006). A
published report of Bolates collected from the USA and
Europe supgested that all GES solates have either PI-2a or
Pl-2h present, and that many isolates carry the additional
Pi-1 {Margarit et al, 2009). ldentification of these surface
exposed antigens that are conserved in the mapority of GBS
strains has raised optimism that a pilus-based vaccine o
be developed as an alternative to or complement GBS
polysaccharide-protein conjugate vaccines {Margarit ef al.,
2009, The aim of this study was to determine the
prevalence of pilus islands in GBS Bolates associated with
maternal vaginal colonization and fnvasive disease in
infants from an African setting.
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METHODS

Bacerisl isolates. The |l|.|d:|' ivolved charsderization ol 540
vaginal-cokmizing GBS isslates identified in women during bbhour
who had panticipated in o study on Prevention of Perinotal Sepsis
iPalS)! between 2005 and M07 o described pl'!‘lll.‘ll.l'l]f {Cutland
e il 20090, In addition, 284 Dwevasive GBS (solaes incuding 222
(THI%N ) trom Mood ant 62 {21.89%) [rom cerdeospingl Budd were
abtained from 282 infants with invasive discase hospitalized at Chiris-
Hani Baragwanath Hospital (CHBH], Soweto, South Africa, betwaen
A4 and 2008, OF the lasive isolates 137 (48.2%) were obiained
from infams less than 7 days okl (early onset), 108 {380 %) werp
from anfumsts between 7 and W Jl.}':l old (M1e onset] and 39 { 137 %)
were from infants alder than %1 days. All the dsalates had been
archived in skim milk, tryprone, glycerol and glucose oth (STGG) at
=70 T al tee Hespinttory and Mengngeal Patbogens Research Uhiin
(RMPRUE, Johanmesharg, South Alrica. Serotyping of the solses was
determined as described previously (Madeiviandila of al, 2001), GBS
reference srains 2608 VR (-1 and PE-2a) and COHI (Pl 2b) were
obtaimed from the American Type Culture Collection (ATCLC],

Primer and probe design Mocleotide sequences of complete sl
imomiglee GRS genomed were ohtained from the open gennme
resouces {OGell] database (hopatogeriu-baade) (Kldn o al, 2008)
anid adldithismal sequences of pilus sland genes were alisdned frism Lhe
Genliank database (Terputiwosenchinlmonib.gov), Sequerae identity
mensurements and allgnments were performed with BroEdit selware
verginn 509, Ancillary pratein 1 {AP]) was seleched ac a real-fime
PR garget to aBow identification amd discrimination between the
pilus islands. lsolates that tested negative for all the APL genes, or
isolates fram which Pl-2a and Pl-2b could oot be detected, were
reamtplifiend by camventonal POR with o socond set of primers
repreeniing conserval reglons of AP Prmers and Tuq-M.'ln prubes
were desigied with the Primer BExpress 30 softwane [Applaed
Haosystems | Pimer amd probe sequencs and resction concentrations
are Tisted in Table 1.

PCR. Frozen hacterial isolstes were suhcubured on CNA {colistin

nahubixic achd} agar and incubated overndght at 37 °C in 5% CO.
e GRS colony was suspended in 300 ) nucleasefree distilled H0Y

andd the sspension was heated a1 95 °C for 10 min, The tebes were
centrifuged at 9000 g for | min fo pelld the cell debris, Pous
micnditres of the supermatn was alded 1o each PCR, PCRs were run
o an AR 7500 bustrument (Applied Blosystena] oo 25 pl rexction
vislume with TagMan universal PCR master mix without Amplrse
UNG { Applied Biosyrems). The desection of Pl-2b was performed asa
singleglex reaction, ardd Fl=1 and Plds were detected i duplex. AP2
wan ehetevted by statclard PO andd PR proed vcts were detectisl by
agarne gl eleckrophioresis,

Statistical analysis. [Pata were analysed with GraphPad Prism
veron Al and sTara verslon 8.0, Distribution of ples islands in
makertial colonizing isobates and invasive isolates was determined by a
rwi-talled Fisher's exact test. A logstic regression mosdel was nsed to
test for the association between pilim idands in refation o smtype
amdl the disease onset, & X test was usid 10 compane pus kland
disabution in infants aged younger than 7 days, between 7 oand
A days, and older than 90 days, A P valie of <005 was conaidered
significant,

Ethical considerations, Analysis of the GBS isolates for this study
was approved by the Hizman Besearch Eihics Committee {HREC) on
Humian Subjects w1 the Univemity of the Wiawatersrand {HREC
reference mo. MOBHGE), Sigoed mlormed consent for collection of
the colonization islates was obtined from sudy participants of the
PolS sudy (HREC seference i, 030207] and approval 1o archive
nevnatal sepsis isalates from o surveillunce study | HREC seference no.
WA [0-07 1,

RESULTS

The real-time PCR assay was able to detect the AP gene
for P1-Za and PE-2h in 49 and 36 % of isolates, respectively.
Additional screening with PCR assays for the AP2 gene of
Pl-Za and PI-2b negative isolates, reveabed that all isolates
harboured either PI1-2a or PI-2b in 55 and 45% of isolates,
respectively, PI-1 was found in 70% of all Bolates, and was
associated with P1-2a 45% of the time. In contrast, the

Table 1. Oliponuclectide sequences of the primers and probes for detection AF1 and BP

Geneipilus protein Sequence {573 Primer concn (nM)
Pl-1ART Farward GOTGAAACCCAAGAT AMCCANTEA 1
Beverswr CTTTGOCTAATGGETGTAGCATTGT 40
Prabe s-FAM CACTTRGAAMAGT AATTG-MGR 150
Pl-2aA R Forward ACTGOGETOCCAAGAGCTT 40
Reverse GATGGOOCAAATTTTCAAAGS 1
Probe VIC-AGCTTTOTTGLOTTTATT- MG 150
Pl-2bAP) Forward TCTATGCAGGTTOGOGOAAAAGGTA L]
Rewerie TOGGUCTCOGTTTGGA £ L]
Probe MED-CATATOGTGTUAATATTG-MGE 280
Pl 1APY Forward CCGLRGUTUATOUATGLGLACT Ia
Reverse ACAGCAGTUTCTGOCTETONGA 300
Fl-2af 12 Forward ATGGTTOGTACTTTGOTOGTGOTT K]
Reverse TOGGOCTGTTTEAACTTTTOGET o
Pl-2bAP2 Forward ACCGLETGAAGGETATTGTTHUGA L]
Reverse GOCACCATACTTGTCCAGTAANCGG Rl
= FAR, H-[:arhu:ﬂluuucein:. MGE, minor graove binder.
*FAM, NED amd VIC are Auorescent dyes (Apphiad Biosystema ),
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Table 2, Fius ssland diibuban amang invasive disease and colonization GBS isolates grouped by seratype

Scrotyps Pilus islamed
Pl-2a PI-1h PI-14PFl-Ia -1+ Fl-1h

Cisl 1mn Cal 1 Caol JIE] Col (]
Ia 151 50 Q ] 7 4 H i
Ib ] 5] L 1] il f 3 1
i 14 b | ] 41 11 5 ]
m 1] 1] L 1] ] 17 170 165
Iy 7 ] il ] b I I 4
W B 5 | o 1 11 5 ]
KT | ] o ] a ] ] ]
Tastal LR3I i3 2 1] 155 =] 201 171

Cal, Colomization tslates; D, Invisive disease isolaler WT, nontypable,

majponty [$9.5 %) of PI-Zb positive isolates were asocinted
with PI-1 {Table 2).

Pilus islands in colonization isolates were identificd alone
or in combinations a1 the following overall hierarchical
frequency: Pl-l +Pl-2h [(n=201; 37.2%), Pl-2a (n=183%
33.8%), PI-1+Pl-2a (n=155 287 %) and PI-2b (n=2;
04%) (Fig. 1). More than one type of pilus island was
identified in 356 (65.9%) of colonizing isolates. Pilus
istands in invasive discase oldates werg identified o the
following overall frequency PI1-1 + P1-2b (n=171; 60.2%),
PI-2a (n=6X 22.2%), PI-1+Pl-2a (a=50; 17.6%). More
than one type of pitus island was identified in 221 (778 %)
of invasive discase isolates (Fig 1),

There were significant differences when the pilus island
distributions were stratified by coloniztion or invasive
disease. A combination of Pl-1 and PI-2b was more
common among imvasive disease isolates (171284 60.2 %)
than colonizing isclates [J00/541; 37.2 % P<0.0001), and
tsodates with both PI-1 and PI-2a were more common in

colomizing (155/541; 287 %) than invasive isolates (S0/284;
178 %: P=00005), However when adjusted for serotype
distrilvition, these differences were not significant,

When the ptlus island distribution in invasive isolates was
stratificd according to age of onset, the differences were
significant in infants aged younger than 7 days, and those
between 7 and W davs, A combination of Pl-1 and Pl-2h
was significantly carried by infants aged berween 7 and
90 days (34,7 vs 30,6 % F<0.0001), whilst Pl-1a alone or
in combination with PI-1 were significantly assoaated
with infants aped younger than 7 days (31.4 vs |7.6%
P=002 and 139 ws 19% P=0.0008, respectively)
tFig. 1], The distribution of pilus slnds slone or in
combination from infants older than 90 days were as
follows PL-2a (33:3%), PI-1 +Pl-2a (38.5%), PI-1 + P1-2b
(28:29) (Fig. 1),

When the differences in pilus. island  distribution were
pidjusted with respect to the differences in the serotype
distribution, there were significant sssociations between
the capsular serotvpe and pilus  sland  combinations

=108

z [P 1 +P-20
E' Hre 4P
3
g L_IPran
=

Weoa

Fig. 1. Group B siroptococcal pius mlinds
groupad by sourca of ieolation.

hHpuffmm agmjowmals nng
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irrespective of whether solates were from a colonization or
invasive group (Table 2. The majority of colonization
(#4.2 %, P<70.0001 ) and invasive discase (9007 % #<0.0001)
isolates representing capsular serotype [l carmied a com-

bination of PI-1 and PI-Ib. Similady PI-2a alone was,

frevpuently carried by 926 and 90,9 % of colonization and
invasive discase solates representing serotype la, respec-
tively. In isolates that carmed a combination of PI-1 and PI-
2y, serotype Ib, 1 and V accounted for 71.6% of
colomization and 56.0 % of invasive disease isolates, All but
one non-typable colonization solate carried o combination
of P1-1 and PI-2a (Table 2).

When pilus island distribution was adjusted with respect to
serotype and the disease onset, serotype was the dominant
predictor in the distribution of P1-2a alone [adjusted odds
ratin (.38 95 % confidence interval (95%0C1 0.3-0.5;
P0.W01] or combination of PE-1 and PI-2b (adjusted
odds ratio 2,55 95%0C1 2.00-3.26; P<0.01). A com-
bination of P1and PI-2a showed no significant association
with serotype when adjusted with respect 1o serotype and
the disease onset {adjusted odds ratio 1.25; 95901 0.94—
1665 P=0L12).

DISCUSSION

This 15, to the best of our knowledge, the first stody
describing the prevalence of pilus islands in isolotes from
vapinally colonized mothers, and infants with invasive
disease, collected outside of Europe and the USA {(Margarit
el al., 2009; Martins of af, 2010). There are currently no
published data on the pilus island distribution from sub-
Saharan Africa where GBS remains the most frequently
isolated pathogens in neonates (Berkley er al, 2005; Gray
eral, 2007; Madhi er al, 2003; Milledge et al, 2005). Our
data were consistent with previous studies from indus-
trialized countries in that all isolates were associated with
the presence of either PI-2a or PI-Zb. Pl-1 and PI-2b were
almuost obways present together, and the presence of P1-1
in Pl-2a harbouring isolates was largely dependent on
serotype, with the majority of serotype Iy 1 and V isolates
harbouring these two pilus islands together, whereas the
majority of type la isolates were associated P1-2a on s own
[Margarit ef al, 2008; Martins et al., 2000). Thas is, w0 the
best of our knowledge, the first study from a developing
country wherein a substantial population of colonization
and invasive disease isolates has been analysed, allowing
better comparisons between strains from invasive disease
and maternal colonization,

Although  there were differences in the pilus 3sland
distribution between colonization and invasive discase
inolates, and with respect to the age of onset of invasive
disease, when the groups were adjosted for differences in
serofype distribution within these groups there were oo
significant differences in the pilus island distribution. This
can be arributed 1w the stable relationship  between
serotype and pilus island combinations, and suggests that

the difference in pilus island distribution between coloniz-
ing and invasive disease isolates was due to the difference
in the relative invasive potential of differemt serotypes
iMadeivhandila er al, 2001}, This is similar 10 what has
been reported by Margarit ef al (2009) where it was shown
that the relationship between pilus island and serotype was
canserved irrespective of whether isolates were from a
colonizing or invasive group.

Our PCR, which targeted conserved regions of AP, failed
o detect either of the PI-2 slands in 15% of all isolates,
High levels of sequence variability have been reported in
Pl-2a and to a lesser extent in PM-2b by Margarit e al,
(2009, and we demonstrated that sereening for additional
target genes, such as AP2 for the detection of PL-Z, is
essential to maximize the sensitivity of detection. Despite
the high levels of variahility that showed variant-specfic
protection in Pl-2a backbone protein immunized mice,
which raised gquestions on the prospects of this target, a
recent publication by Nuccitelli er el (2001) applied a
structural vaccinology approach o design o synthetic pro-
tein with multivelent activity.

Since a vaccine composed of pilus Bland components has
the potential to cover all serotypes, there is a nead for in
depth rescarch into the global epidemiology of GES pilus
islinds o ensure that vaccines in development are broadly
profective across all geographical locations, Cur data on
pilus jdand distribution are comparable 1w the dat in
the published study by Margarit o al [2009), and the
similarities are sufficient to confirm that the serotype and
associated pilus island distribution in South Alrica is
similar to that reported in the USA and Europe, and based
on this homogeneity of pillus idand distribution, a pilus-
basad vaccine developed for these industrialized countries
will have similar coverage in South Africa. What remains o
be determined is whether pressure from such a vaceine can
result in the emergence of struins that Jack pilus islands as
the dominant virulent types as has been witniessed for other
pathogens, such as Sirepivcoccns prevmonice | Bogaert
et al, 2005; Singleton ef al, 2007).
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