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Development  of  a group  B streptococcal  vaccine  (GBS)  vaccine  is  the  most  promising  approach  for the
prevention  of GBS  infections  in babies,  given  the potential  adverse  effects  of  intrapartum  antibiotic  pro-
phylaxis  as well  as the need  for effective  prevention  of  both  adult and  late perinatal  disease.  There  are
numerous  prevention  strategies  at this  time  but  none  are  100%  effective  in the  eradication  of  neonatal
early  onset  GBS  disease  and  there  are  no  preventative  strategies  for  late  onset  disease.  The  need  for  a GBS
vaccine  is  therefore,  of  utmost  importance.  Efforts  applying  genomics  to  GBS  vaccine  development  have
pidemiology
eonatal infection
revention
creening
accine

led to  the  identification  of  novel  vaccine  candidates.  The  publication  of GBS  whole  genomes  coupled  with
new  technologies  including  multigenome  screening  and  bioinformatics  has also  allowed  researchers  to
overcome  the  serotype  limitation  of earlier  vaccine  preparations  in  the search  of  a  universal  effective  vac-
cine  against  GBS.  This  review  brings  together  the  key  arguments  concerning  the potential  need  of  a  GBS
vaccine  in  developed  countries  and  describes  the  current  status  with  GBS  epidemiology  and  microbiology
in  these  countries.
© 2013 Elsevier Ltd. All rights reserved.
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trophil chemoattractant [10]. Furthermore, cell wall components,
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. Introduction

Emerging abruptly in the 1970s as an important life-threatening
athogen in neonates causing severe invasive bacterial infections,
treptococcus agalactiae,  also referred to as Lancefield group B strep-
ococcus (GBS) has become a notable global problem [1]. GBS
as therefore, remained as a leading cause of neonatal morbidity
nd mortality in North America, Australia and Europe, affecting
.5–2.0 neonates per 1000 live births [2–9]. Two distinct clini-
al syndromes are identified amongst infants according to their
ge at onset: early onset disease (EOD) presenting with mainly
epsis during the first week of life (0–6 days), and late onset dis-
ase (LOD) affecting infants between one week and three months
ld (7–90 days), with bacteremia and/or meningitis [1–5,10]. In
OD, GBS is transmitted from colonized mothers to the neonate
uring or just before birth. In industrialized countries, the rate
f GBS early onset sepsis reached 3 per 1000 live births, with a
ortality rate of 40% from the late 1970s to mid  1990s. From the

990s to the present, where guidelines for prevention of perina-
al GBS disease have been widely implemented, the incidence of
eonatal EOD has dramatically decreased to <0.5 cases per 1000

ive births but has not been eradicated and continues to be an
mportant cause of neonatal sepsis and meningitis [4,8,9,11–16].
ecause many babies with GBS EOD are already septicaemic at
irth and thus limiting the opportunity for timely interventions,
isease prevention rather than treatment has been the focus of
ttempts to reduce neonatal GBS infections and disease burden.
elective intravenous antimicrobial prophylaxis with �-lactams
dministered during labour and delivery to women who are col-
nized by GBS appears to be the most practical and effective mode
f prevention of GBS EOD at this time. The main goal is to reduce or
liminate vertical transmission of GBS to the infant and the risk of
erinatal sepsis [2,4,6,8,12]. Since their implementation and evo-

ution, specific policies for intrapartum antimicrobial prophylaxis
ave significantly influenced the dramatic decrease of the over-
ll GBS EOD incidence [4,9,11–13]. However, prevention of EOD
s still subject to much controversy; there has been no consen-
us amongst European countries, and despite considerable efforts
nd economic resources spent on prevention of GBS-EOD, cases
ontinue to occur in industrialized countries [1,3,5,6,11,17–19].
urthermore, none of the strategies of intrapartum antimicro-
ial prophylaxis for “at risk” pregnant women have any effect on
BS LOD [8,20–22]. New improvements for the current preven-

ion for GBS EOD are urgently required and an alternative strategy
or prevention of both GBS early and late onset diseases is still
ong-awaited.

At the end of the 1970s, Baker and Kasper reported upon the
xisting correlation of maternal antibody deficiency leading to
ncreased susceptibility to neonatal GBS infection [23]. Therefore,
accination represented a practical, attractive alternative, target-
ng women of childbearing age to subsequently protect neonates
gainst GBS EOD or LOD. In 2013, this perspective, which is finally
pproaching, raises numerous questions. What vaccine type will

eet the expectations, a capsule based 3-valent or 5-valent vac-

ine conjugated or not to specific proteins such as pili? Will
 future vaccine replace the current standard of care prophy-
axis? What specific surveillance studies are required to establish
 . . . .  . . .  . . . . .  .  . . .  .  . . . . .  . .  . . . . . . .  . . . . .  . . .  .  . . .  . . .  .  .  . . . . .  .  .  .  .  .  . . . . . . . . . .  .  . .  .  . D39

the pre and post introduction of GBS vaccination for evaluating
the impact on colonization, on potential serotype(s) replacement
and on GBS resistance to antimicrobial agents? Are there other
target populations for such a vaccine as GBS diseases are not
restricted to neonates? Indeed, GBS are also common pathogens
in pregnant women and are recognized as an ever-growing cause
of severe invasive infections in non-pregnant adults, especially
amongst the elderly and patients with underlying medical disor-
ders [1,2,4,8,24].

The following review brings together the key arguments
concerning the potential need of a GBS vaccine in developed
countries.

2. Description of the bacteria and virulence factors

GBS, Gram-positive encapsulated cocci occurring in pairs or
short chains, share a common antigen, the Lancefield group B
polysaccharide antigen and are further distinguished on the basis
of their type-specific capsular polysaccharides (CPS) into ten anti-
genically unique types (Ia, Ib, II-IX) [2]. The capsule represents one
of the major GBS virulence factors, which helps bacterial evasion
by interfering with phagocytic clearance except in the presence
of type specific opsonophagocytic antibodies [2,10]. A small pro-
portion of “non-typable” strains have also been isolated, currently
accounting for 1% of isolates from invasive neonatal infection to
8% of colonizing isolates [25]. On blood agar, GBS colonies are
surrounded by a narrow zone of �-hemolysis, however 1–3% of
isolates are non-hemolytic. GBS �-hemolysin causes damage to
lung microvascular endothelial cells and may contribute to the
pathogenesis in EO GBS pneumonia [10,26]. This process may
allow the bacteria to gain entry into the bloodstream [10]. All
�-hemolytic isolates produce a red-orange pigment, granadaene
when cultured under certain conditions [27]. Further differenti-
ation is based upon the presence of surface proteins designated
as C, R, X and Rib protein. Another important protein is the sur-
face immunogenic protein (Sip) which is shared by all GBS isolates
[28]. Recently, three variant cell surface-exposed filamentous pro-
teins constituting pilus-like structures have been described [29].
GBS pili are composed of three subunits: a backbone pilin protein
and two ancillary proteins, a pilus-associated adhesin and a com-
ponent that anchors the pili to the cell wall. These are encoded
by two  loci in different regions of the genome, designated pilus
islands 1 and 2 (PI-1 and PI-2), the latter presenting two  distinct
variants, PI-2a and PI-2b. Margarit and co-workers found that all
strains of GBS carried at least one or a combination of the three
pilus components [30]. These pili are presumed to be important
virulence factors, as they appear to play a key role in the spe-
cific adherence of GBS to the host epithelial cells and promote
transepithelial migration [31,32]. GBS produce other identified fac-
tors that interfere with host defenses, such as C5a peptidase that
inactivates human complement component C5a, an important neu-
such as lipoproteins anchored in the cytoplasmic membrane and
lipoteichoic acid, trigger the host’s inflammatory response that can
induce a sepsis syndrome by activating immune cells via Toll-like
receptor TLR2 [10,33].
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P. Melin, A. Efstratiou / V

. Overview of GBS global epidemiology and disease burden

.1. Carriage and transmission

GBS is a human commensal, the gastrointestinal tract being the
atural reservoir and more likely the source for vaginal colonization
2,4]. At any given time, 10–40% of healthy adults are commonly
olonized by GBS in the gastrointestinal and genital tract but remain
symptomatic. Vaginal colonization is unusual in childhood but
ecomes more common in late adolescence [3]. Among pregnant
omen, the GBS carriage rate in the vaginal and rectal microbiota

anges from 10% to 37% and is similar in both developing and devel-
ped countries [12,17,34,35]. Large variations in colonization rates
an be observed and can relate to ethnicity, body sites sampled,
icrobiological procedures performed and population studied. The

ite chosen for culture is critical (1): the distal vagina yields GBS
ore frequently than the cervix, and the collection of both vaginal

nd rectal swabs results in the optimal detection of carriers. Colo-
ization with GBS can be transient, intermittent or persistent [4,12]
nd, as it is commonly asymptomatic, the identification of carriers
ust be performed by bacteriological screening. Irrespective of the

reventive strategy for GBS-EOD, the GBS colonization rate among
regnant women  usually remains stable over time, and no marked
hanges have been observed in the distribution of serotypes [12].

During delivery, vertical transmission to the infants occurs in
0–70% of cases. Detection of colonization depends on the timing,
he number and specimen sites sampled. Acquisition by the infant
ccurs either in utero by the ascending route through the rupture
f membranes, although GBS can also invade through intact mem-
ranes, or by contact with the bacteria in the birth canal during
arturition [36,37]. Vertical transmission is related to the density of
he inoculum present in the mother’s genital tract and is more likely
o occur with heavy GBS colonization [38]. Recovery of GBS from
ultures performed shortly after birth indicates contact of the infant
ith GBS positive maternal secretions rather than true colonization

f the infant. Many GBS “colonized” newborns are asymptomatic
nd never become infected. Nosocomial transmission or commu-
ity acquisition also occurs but somewhat infrequently [2].

.2. Invasive neonatal GBS diseases and risk factors

The clinical manifestations of GBS neonatal infection mainly
nclude bacteraemia, septicaemia, pneumonia, meningitis and skin
nfections. GBS infections present a bimodal distribution with two
istinct syndromes that differ in their clinical presentation, mortal-

ty and morbidity, epidemiologic characteristics and pathogenesis
2]. Among meningitis survivors, 15–50% present with late seque-
ae, which include severe disability, mental retardation, spastic
uadriplegia, blindness and deafness [2].

.2.1. Early-onset GBS disease
Neonatal infections typically occurring within the first six

ays of birth, are termed early-onset diseases, but in Japan or in
ustralia, GBS EOD is designated as invasive infection occurring
ithin 72 hours of birth [39,40]. Nearly 90% of infants with GBS

OD present with signs of systemic infection at birth or within
he first 24 hours thereafter: fulminant pneumonia, sepsis or, less
ommonly, meningitis [2,4,10,41]. Without prompt therapy, rapid
linical deterioration typically characterizes EOD. Maternal geni-
al colonization with GBS is the primary risk factor for the disease.
mong transiently colonized infants, 1–3% develop a severe dis-
ase [2,4,8,12,18,41]. Besides the mother’s vaginal colonization

ith GBS during labour, additional maternal and obstetrical fac-

ors described below increase the risk for EOD [2,3,11,19]. The
rst surveillance studies conducted in North America identified
he “classical fives”, these are maternal risk factors that are still
e 31S (2013) D31– D42 D33

acknowledged worldwide: (a) GBS bacteriuria at any time during
the current pregnancy (2), (b) intrapartum maternal fever, (c) pre-
mature rupture of membranes or rupture of membranes 18 or more
hours before delivery [3,12,42], (d) preterm labour and delivery
prior to 37 weeks of gestation, and (e) a previous sibling with inva-
sive GBS disease [5,43–45]. However, a substantial proportion, up
to 50%, of GBS EOD develops in neonates born to mothers who  do
not demonstrate any of the “classical fives” risk factors [6,34,45].

3.2.2. Late-onset GBS disease
Cases within the second peak of incidence (LOD) occur around

one month after birth in infants; with most infections evident
between seven and 90 days of age [1–5,10]. Infants with GBS-LOD
usually present as bacteremic without any focus and often (nearly
25% of cases) develop meningitis [2,19,46]. Cellulitis and osteoarti-
cular infections may  occur but are relatively rare [2,46]. In contrast
to EOD, late-onset infection is not always acquired from the mother.
Horizontal transmission during the perinatal period may  occur
from mother to infant or from hospital or community sources.
Another reported source of infection is breastmilk [15,38,47,48].

3.2.3. Disease burden and incidence
The case definition for invasive perinatal GBS disease in the

majority of developed countries is the laboratory isolation of Strep-
tococcus agalactiae from a normally sterile site in infants aged 0–90
days with any signs of clinical disease, for example, sepsis, pneumo-
nia or meningitis. There is however, no official case definition apart
from within those very few countries such as Belgium, Canada,
Ireland and Spain that have invasive GBS disease listed as a statu-
tory notifiable infection.

Before the introduction of any preventive strategy, the natu-
ral burden of GBS EOD comprised 70–80% of neonatal cases and
20–30% of LOD [2,18]. The natural incidence of GBS EOD, before
preventive intervention, ranged from 0.5 to >4 cases per 1000 live
births with substantial geographical variations.

A systematic review of 74 studies undertaken between
2002–2011 from developed countries in Europe; Czech Republic,
Denmark, France, Germany, Italy, Netherlands, Norway, Portugal,
Slovakia, Spain, Sweden, UK), the Americas (mainly USA), Africa,
Eastern Mediterranean (Iraq, Kuwait, Saudi Arabia, Tunisia), West-
ern Pacific (Australia, New Zealand, South Korea, Singapore) and
South East Asia by Edmond et al. showed that the mean incidence
of GBS in infants aged 0–89 days was 0.53 per 1000 livebirths (95%
CI 0.44–0.62) and the mean case fatality ratio was  9.6% (95% CI
7.5–11.8) [49]. The incidence of GBS EOD (0.43 per 1000 livebirths
[95% CI 0.37–0.49]) and case fatality (12.1%, [6 2–18 3]) were two-
times higher than LOD. A comparison of incidence rates between
Europe, the Americas and Western Pacific Regions was  0.57 (CI 0.44
to 0.71), 0.67 (CI 0.54 to 0.80), and 0.15 (CI 0.04 to 0.27) respectively.

The disease incidence varied amongst European countries from
0.00 in Denmark (based on 64,153 live births); 0.21 in Germany
(1,454,520 live births) to 2.60 in Slovakia (based upon 6358 live
births). The case fatality also varied across Europe with the high-
est being documented in Norway at 0.33 [CI 0.16–0.55]. Studies
that reported use of any intrapartum antibiotic prophylaxis were
associated with lower incidence of early-onset group B streptococ-
cus (0.23 per 1000 livebirths [95% CI 0.13–0.59]) than studies in
which patients did not use prophylaxis (0.75 per 1000 livebirths
[0.58–0.89]).

Surveillance of invasive neonatal infections was  undertaken
during 2008 –2010 in eight countries (Belgium, Bulgaria, Czech
Republic, Denmark, Germany, Spain, Italy, UK) under the auspices

of a Pan-European study ‘DEVANI’ (Design of a vaccine to immu-
nize neonates against GBS infections through a durable maternal
immune response) [25,50]. During the study more than 25,000
pregnancies were followed and 188 cases of neonatal disease
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Table  1
Global distribution of GBS capsular serotypes in neonatal disease (no separate data for EOD and LOD by Edmonds) [25,49].

Reference Cases GBS serotypes (%)

Ia Ib II III IV V VI VII VIII IX

DEVANI (2009–2011) [25] EOD 76 18.4 1.3 5.3 50 2.6 18.4 0 0 0 3.9
LOD  72 12.5 0 4.2 80.6 0 1.4 0 0 0 0

.7 
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Total 148 15.5 0
Edmond et al. (2012) based on 19
global studies 1980–2011 [49]

Total 5683 23 7

ocumented; 61% comprised EOD cases and 39% LOD. This was
 unique study that provided significant information on GBS epi-
emiology that impacted on the facilitation of vaccine development
nd contributed towards a European consensus on GBS neonatal
isease prevention policies.

In the Americas, the US Centers for Disease Control and Preven-
ion (CDC) Active Bacterial Surveillance (ABC) report estimated the
otal disease burden from invasive GBS disease as 24,700 cases in
010 with an estimated incidence of 8.0 per 100,000 population
13,51].

Reported neonatal case fatality rates for invasive GBS disease are
eported to be between 4 and 6% in the US [5] and approximately
0% in the UK [52].

Incidence and case fatality rates were much higher amongst
nfants who had GBS during 0–6 days in comparison with late
nfancy (7–90 days). GBS disease can progress quite rapidly and

any cases are said to be ‘missed’ because of difficulties in rapidly
btaining specimens from the babies. This is particularly preva-
ent in developing countries such as Africa where case fatality rates
re high. Incidence and fatality rates varies among countries on
he same continent and even between different studies within the
ame country. Preterm infants are at a 3- to 30-fold greater risk
f developing EOD compared to full-term infants, with the high-
st risk during the lower gestational ages [4,23]. Whilst preterm
ewborns have a much greater risk of GBS-EOD, about 75% of cases
ccur among full term infants [6,23].

Further studies are therefore, needed to accurately define the
urden of GBS in a wider spectrum of developed countries and also
ore importantly in developing countries. The global incidence

stimated by Edmond and colleagues is probably an underesti-
ate but very relevant as it also correlates with the use of IAP in

igh-income countries, with the exception of a few such as the UK,
enmark and Bulgaria. IAP has substantially reduced the incidence
f EOD since its introduction in the 1990s [13,53].

.3. Surveillance of GBS in Europe, USA and Australasia

Surveillance data on invasive GBS infections in babies’ 0–90
ays are collected by many European countries, the USA, Canada,
ustralia and New Zealand through their national surveillance sys-

ems. In the UK for example, data is submitted via a case report to
he National Surveillance Centre and or referral of the GBS isolate
rom a sterile site to the National Reference Laboratory for typing.
his is the system used in some European countries but with differ-
ng criteria, for example in Belgium reporting is voluntary. In the
SA, data are collected through the Active Bacterial surveillance

ABC), which is part of the Emerging Infections Program Network,
 collaboration between CDC and the state health departments
nd universities [51]. Therefore, it is essential particularly with
he introduction of potential vaccines that standardized surveil-
ance using a standard case definition is undertaken in countries.
t is also essential that invasive group B streptococcal infection in

eonates is notifiable. Thus, a Pan-European or global approach
ould be very beneficial. The DEVANI programme has laid the

oundation for standard surveillance within the DEVANI network of
ountries; this should be maintained and expanded to include other
4.7 64.9 1.4 10.1 0 0 0 2
6 49 1 9 1 <1 <1

countries within Europe and beyond. Perhaps a pilot network
should be introduced comprising key countries that could be
involved with the vaccine(s) developments and efficacy trials. This
is of course subject to further discussion and subject to appropriate
funding being made available.

3.3.1. Serotype distributions and molecular characterization
Whilst in some geographic regions, notably the USA, the dis-

tribution of GBS serotypes among currently circulating strains is
well studied and even under active surveillance, consistent data
on serotypes causing invasive disease that are circulating in some
European countries are still not well defined. The DEVANI study
however, contributed significantly towards the characterization of
invasive disease isolates from the eight countries. As expected,
serotype III predominated amongst all neonatal infections. This
was also the situation in several other European countries such
as Finland [54], Poland [55], Portugal [56], Sweden [57] and France
[58].

The overall global serotype estimation undertaken by Edmond
and colleagues in their systematic review showed an overall preva-
lence of five serotypes, Ia, Ib, II, III and V; these accounted for
more than 85% of serotypes in all global regions with serotype data
(Americas 96%, Europe 93%, Western Pacific 89%). Serotype distri-
bution by disease documented 37% of EOD serotypes were type III
in contrast to 53% of LOD serotypes. Overall, the global distribution
of serotype III accounted for 48% of isolates in the 1980s, 49% of iso-
lates in the 1990s and 50% of the isolates in from 2000–2010. There
were no significant changes in the serotype distributions during
the 2002–2011 review periods [49] (Table 1).

Further characterization of GBS strains based upon molecular
technologies has enhanced epidemiological studies even further,
for example, in recent years multilocus sequence typing has
been used for population based epidemiological studies and more
recently microarrays and high throughput sequencing. These meth-
ods clearly demonstrated the emergence of a specific clone, the
clonal complex CC17, which is strongly associated with neonatal
meningitis and hence designated the ‘hypervirulent clone’ amongst
GBS of serotype III [59,60]. The capsular polysaccharide (CPS) is a
major virulence factor amongst GBS and of course a vaccine target.
However, population based studies showed no definitive correla-
tion between CPS type and MLST cluster, with the unique exception
of the hypervirulent GBS clone CC17, which were all until very
recently type III. MLST and also pulsed field gel electrophoresis on
a collection of invasive neonatal strains isolated in France demon-
strated for the first time, capsular switching from CPS type III to
IV within the homogenous clonal complex CC17. Further charac-
terization revealed that the switch was due to the exchange of a
35.5 kb DNA fragment containing the entire cps operon. This there-
fore, showed that CC17 hypervirulent strains have switched one
of their main vaccine targets. This is highly relevant not only for
vaccine development but also for monitoring vaccine efficacy and
type distributions during the introduction of a vaccine into the

population [60]. Data from the DEVANI study showed that the
GBS population in pregnant women  (carriage) was much more
heterogeneous than neonatal infections using MLST thus demon-
strating epidemiological differences between invasive strains and
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olonization. A longitudinal study was undertaken on strains over
n 18-year period in Spain (1992–2009) to document changes in
he prevalence of serotypes, antimicrobial resistance, and genetic
ineages and to evaluate their associations with either EOD or LOD.
espite the introduction of prophylaxis, which resulted in a sig-
ificant decrease in EOD, the study revealed a very stable clonal
tructure of GBS causing neonatal infections in Spain during the
8-year period [56].

Other important virulence associated structures such as pilus
roteins have also been used to characterize GBS strains from
eonatal infections by several groups. Findings by Margarit et al.
2009) showed that all GBS isolates contained at least one and often
wo islands which confirmed the main role of pili in the pathogen-
sis of GBS, thus making these proteins highly desirable vaccine
andidates [30]. Identification of the pilus gene profiles and expres-
ion of the proteins was determined amongst a subset of strains
rom the DEVANI collection. Isolates were examined by PCR and
ACs analysis to evaluate gene presence and surface exposure of
ili. All isolates contained at least one gene encoding for pili [61].
lso, CPS serotypes were genetically linked to pilus islands and the
ame allele is shared by different capsular serotypes. This suggested
hat CPS serotypes most likely evolved after pilus divergence.

Martins and co-workers assembled a collection of 898 isolates
ssociated with carriage in pregnant women, noninvasive disease
mong nonpregnant adults, and invasive disease from neonates and
dults [62]. All isolates were characterized by serotyping and PFGE,
nd half the collection including representatives of all main PFGE-
ased genetic lineages, was characterized by MLST. In addition, all

solates were tested for the presence of alpha and alpha-like surface
rotein genes (alp) and genes encoding the pilus proteins (PI-1, PI-
a, and PI-2b loci). At least one PI was present in all isolates. The
esults indicated that a vaccine including components from PI-1
nd PI-2a could provide potential coverage against 99.4% of isolates,
upporting their use in a future vaccine as previously suggested.

.3.2. Serological studies
There had been no systematic studies on the prevalence of

erum antibodies against capsular polysaccharide in women in
urope prior to DEVANI, although two large studies were reported
n women in the USA in recent years. From these studies, the
mount of maternal antibody that correlated with protection of
he newborn was defined for serotypes Ia, III and V. Baker and col-
eagues described the immune response during the third trimester
f pregnancy using a type CPS glycoconjugate vaccine and demon-
trated placental transfer of antibodies in concentrations sufficient
o protect neonates and young infants from invasive disease [63].
tudies in the USA on adults showed that they responded to immu-
ization and retained peak antibody concentrations of at least
0–60% for 18–24 months after immunization [64].

The DEVANI programme collected sera from pregnant women
women with healthy babies and those with infected babies) for
etermination of antibodies against CPS and the pilus proteins. A
efinitive correlation between high titres of maternal anti-CPS anti-
odies and reduced risk of neonatal disease was demonstrated for
hree serotypes (Ia, Ib and III). No statistically significant correla-
ion for antibodies to pilus proteins was detected. There was  a clear
tatistical and significant difference between the serum titres of
others with infected babies in comparison to mothers of healthy

abies for serotypes Ia and III. This was also documented from the
ntibody responses to the pilus proteins (DEVANI) in these women.

.3.3. Antimicrobial resistance

Penicillins including penicillin G are the first line drugs of

hoice for intrapartum antibiotic prophylaxis and for treatment of
. agalactiae infections either in infants or adults since all GBS iso-
ates are considered to be uniformly susceptible to all �-lactams.
e 31S (2013) D31– D42 D35

Globally, GBS clinical isolates remain fully susceptible to penicillin
as well as to most �-lactams, with the exception of the emergence
of very rare isolates with a decreased susceptibility to penicillin
as recently reported in Japan and USA [65]. All these GBS strains
with reduced penicillin susceptibility, exhibiting increased peni-
cillin MICs (0.25 to 1 mg/L), have been characterized genetically
by altered pbp2X genes subsequently to multiple mutations [66].
Even if still uncommon, this phenomenon raises concern for the
future with the risk of increased prevalence of GBS isolates with
reduced susceptibility to beta-lactams as for Streptococcus pneumo-
niae which occurred during the 1970s and spread globally, followed
by increased levels of resistance involving stepwise accumulations
of alteration in three penicillin binding proteins (PBPs).

Currently of more concern is the resistance to macrolides and
lincosamides which has increased worldwide amongst GBS over
the last two decades: from <5% to a common resistance of 20% to
35% or even 54% for erythromycin and 43% for clindamycin in a
New York hospital as recently published [13,67,68]. In Belgium, as
determined by the National Reference Centre for GBS, macrolide
resistance increased from 10.4% in the early 2000s to 33% among
invasive strains isolated from 2008 to 2011 [67]. These figures
are consistent with similar reports from Europe [21,69–72], North
America [15,68,73–76], and Asia [77,78], except some surveillance
studies in Sweden reported <10% [79], thus showing some geo-
graphical differences. Different and known mechanisms account
for the acquired resistance to macrolides in streptococci [80].
The most prevalent of these is target site modification by 23S
rRNA methylases, commonly encoded by the ermB and ermA
subclass ermTR genes. The Erm enzymes confer resistance to
macrolides and inducible or constitutive resistance to lincosamides
and streptogramin B, so-called MLSB phenotype. Another mecha-
nism involving active drug efflux, is encoded by the mefA and mefE
genes (which are 90% identical); the Mef  pump only affects 14- and
15- membered ring macrolides but not 16-membered macrolides,
neither lincosamides nor streptogramin B (M phenotype). This
increased resistance to macrolides has been reported amongst
all Streptococcus species [80] and is not specific to GBS strains.
Apart from this worrying resistance, a further phenotype involving
low-level clindamycin resistance (with erythromycin remaining
susceptible) in GBS isolates has recently been reported in the USA,
Canada, New Zealand, Asia and Argentina: the L phenotype encoded
by lnu (formerly lin)  genes [73,74,77,81–85]. These genes encode for
the nucleotidyl-transferase. Macrolide and lincosamide resistances
are unevenly distributed among the different capsular serotypes of
GBS strains [15,21,70,77]. For instance, erythromycin resistance is
more likely to occur in serotype V and the efflux resistance mecha-
nism shows a significant association with serotype Ia [69,70,76,86].
This increase of macrolide and lincosamide resistance rates stresses
the importance of performing susceptibility testing for GBS strains
isolated from antenatal screening specimens.

Most human GBS isolates are considered to be highly resistant to
tetracyclines. The tetracycline resistance mechanisms involve pro-
tection of the ribosomal target. The tetM gene encoding ribosomal
protection proteins is predominant amongst human isolates whilst
the tetO gene is predominant among bovine isolates [87].

In recent years, the emergence of fluoroquinolone resistance
has also been reported in Asia [88,89]. In 2012, two  reports of
concern from Japan described high frequency fluoroquinolone and
macrolide resistance among clinically relevant GBS with a reduced
penicillin susceptibility [90] and, the nosocomial spread of mul-
tidrug resistant GBS strains with reduced penicillin susceptibility
in a general hospital [91].
Therefore, the threat of spread of these different emerging and
resistant strains should trigger awareness of the appropriate ther-
apeutic strategy for dealing with severe GBS infections and the
strategy for intrapartum prophylaxis for GBS carriers. These strains
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ay  present future public health challenges. Resistance surveil-
ance is mandatory to guide prophylaxis and treatment of serious
BS infections but also to identify newly acquired resistance mech-
nisms.

.4. Genomic approaches to surveillance

Whole genome sequencing (WGS) of GBS strains has con-
luded that the classic serotyping scheme based upon the CPS
oes not reflect their genetic diversity. Strains that belong to dif-
erent serotypes can be more closely related than strains of the
ame serotype. This information will surely impact upon vac-
ine development and a larger collection of strains from carriage
nd infected neonates need to be examined, this is work that is
urrently underway between key research groups; Public Health
ngland; The Sanger Centre; Novartis and the ‘DEVANI network’
Pers comm.A.Efstratiou). The publication of the genome sequence
or a GBS strain representing ST17 isolated from a colonized woman
t eight weeks post partum was an invaluable addition to the pub-
ished genomes and has promoted comparative genomic studies on
BS [92].

. Prevention strategies of GBS neonatal infection by
hemoprophylaxis

Since the late 1980s, huge efforts have been made to prevent and
reat GBS disease in infants and pregnant women. Two  approaches
ave been suggested for prevention of neonatal infection: chemo-
rophylaxis to reduce maternal GBS colonization and thus prevent
ransmission to neonates [41,93–95], and immunoprophylaxis to
nduce protective immunity in mothers and infants [2,3].

.1. Intrapartum antibiotic prophylaxis (IAP)

Intravenous IAP has been proposed and has evolved after the
emonstration by clinical trials performed in the late 1980s that
BS-EOD might be prevented by administering antibacterial pro-
hylaxis during labour and delivery to women who are colonized
y GBS [4,41]. Selective intravenous antimicrobial treatment with
-lactams turned out to be the most practical and effective mode of
revention [3,4,6,41]. In 1996, the first consensus guidelines were

ssued and further revised in the United States [2,6,13]. Very similar
ational guidelines were also issued in some European countries,
ustralia, New Zealand and Japan [34,39,96–103]. Whilst the value
f IAP in at-risk women is widely agreed, the best means of target-
ng these women is less clear. There are two options to targeting
rophylaxis, identification of carriers by late antenatal cultures or
reating by identification of clinical risk factors.

In general, the screening approach recommends that all
regnant women should be screened between 35 and 37 week’s
estation for GBS vaginal and rectal colonization. At the time of
abour or rupture of membranes as early as possible, intrapartum
ntibiotics should be given to all women tested positive for GBS
olonization or with GBS isolated from the urine at any time dur-
ng the current pregnancy or with a previous sibling with invasive
BS disease. For women with a negative GBS result, no prophylactic
ntibiotic is recommended. If any screening result is available at the
ime of labour and delivery, IAP should be given to women who  are
37 week’s gestation, have a duration of membrane rupture ≥18 h,
r have a temperature of ≥38 ◦C. In the risk-based approach, intra-
artum antibiotic prophylaxis is given according to the presence of
ny of the above-mentioned five risk factors. Both strategies have

heir advantages and drawbacks. The risk-based approach avoids
outine screening, is easier and potentially less expensive, and is
articularly useful in settings in which women might receive lit-
le or no prenatal care. But up to 50% of women with risk factors
e 31S (2013) D31– D42

are not all colonized with GBS leading to unnecessary treatment
[104] and many infants with GBS EOD are born to mothers who
had not showed any of the recognized risk factors leading to missed
opportunities [34,46]. In 2002 in a large retrospective cohort study,
the screening-based approach was found to be the most effective
appropriate option and was greater than 50% more effective [5], but
concerns about its complexity are a barrier to its wider implemen-
tation. One of these concerns is the speed and accuracy of prenatal
screening culture, which has to be performed 3–5 weeks before the
expected delivery. Even with optimized methods, such antenatal
screening cannot identify all GBS carriers at time of delivery due
to intermittent colonization. The potential area for improvement
would be use of a rapid sensitive and accurate test, performed at the
bedside of women admitted in labour and for delivery. They would
allow a better management of colonized mothers and their infants
as the targeted IAP would then be limited to GBS carriers, reducing
unnecessary treatment. Currently, there are GBS-specific real-time
PCR assays that provide this potential alternative for rapid GBS
detection [105,106]. However use of these more expensive rapid
tests is not currently widespread.

In the late 1990s, when prophylaxis was  offered on the basis of
risk factors, very few practitioners used all risk factors appropri-
ately [5,107,108] suggesting that a significant proportion of health
providers were unaware of the epidemiolology of GBS EOD or do
not perceive GBS EOD as an important clinical problem.

Other diverse strategies to reduce maternal colonization and
vertical transmission have been studied; but, none could prove
effective for prevention of GBS EOD [13,109]. Currently, intra-
venous administration of penicillin G, being the first choice, or
ampicillin, at least 4 hours before delivery, have proven effective
for prevention of GBS vertical transmission and are recommended
[2,13,41,110], but shorter duration might still provide some protec-
tion [111,112]. The dosages of penicillin or ampicillin used for IAP
are aimed at achieving adequate levels in the foetal circulation and
amniotic fluid rapidly [113,114]. Alternatives for penicillin allergic
patients include cefazolin, clindamycin and vancomycin according
to the type of allergy and to susceptibility results.

4.2. Different guidelines for GBS neonatal prevention

Today, most developed countries have guidelines for the pre-
vention of GBS perinatal disease. According to countries, these
are issued by public health authorities or by professional soci-
eties potentially resulting in different levels of implementation.
In the United States for instance, the last updated version of
the guidelines issued by CDC in 2010 have been endorsed by
several societies including the American College of Obstetricians
and Gynaecologists, the American Academy of Paediatrics and
the American Society of Microbiology. They recommend universal
antenatal screening at 35–37 weeks’ gestation and use of intra-
partum antibiotic prophylaxis. The screening based approach, with
some variations, is also recommended in Italy (1996), Germany
(1996, 2008), Spain (1998, 2003, 2012), France (2001), Belgium
(2003, 2013), Switzerland (2007), Japan (2008, 2011) and Poland
(2008) [34,96–98,103]. A risk-based approach is recommended in
guidelines from the Netherlands (1999, 2008), Australia, Denmark,
United Kingdom and New Zealand [50,99–101].

4.3. Antenatal screening culture, variability and predictive value

To improve the screening-based strategy, increased sensitivity

and high predictive values for GBS vaginal colonization at delivery
is mandatory. The crucial criteria to control are the specimen, time
of collection, transport conditions and microbiological procedure
for detection. Currently, pregnant women should have antenatal
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ollow ups and the screening result must be available to the obstet-
ic team at the time of delivery.

.3.1. Specimen
As vaginal colonization originates in the proximity of the recog-

ized and presumed reservoir, the rectum; numerous studies have
emonstrated that predictive values obtained with a low vagino-
ectal swab substantially increase the yield of culture compared to

 single genital swab [6,13,115,116]. Since the first guidelines were
aunched by CDC in 1996, a vagino-rectal swab has always been
ecommended; collection from the rectum has been much more
ifficult to implement in some European countries and Australia
ven if recommended, as ten years ago in Belgium for instance, the
ollection of a rectal swab was regarded as a “taboo” topic (Ref.,
ersonal data). In Australia, as reported in a survey set in the late
990s, only one of 84 hospitals collected from both sites [107]. It
as been suggested that Australian women would find collection
f anal swabs unacceptable [107]. For other countries for example,
rance, there is still disbelief concerning the added value of vagino-
ectal collection for screening when compared to a single vaginal
ollection, therefore only a vaginal swab is currently recommended
or antenatal screening [97].

.3.2. Transport conditions
For support of GBS viability during the transportation of spec-

mens to laboratory, Amies or Stuart media have been widely
ecommended by the various guidelines worldwide. But the crite-
ia differs between countries, particularly the accepted duration for
torage and transport which varies from one day [96], to 24–48 h
34] and up to 1–4 days [13] at 4 ◦C. Several studies showed the
egative impact of the length of time that has elapsed between col-

ection and inoculation to the recovery of GBS [117]. The elapsed
ime before processing the swab is crucial upon GBS viability, hence
he sensitivity of a positive culture decreases significantly for spec-
mens not inoculated within 24 h of collection and could explain
he false negative results especially for specimens collected from
omen with a low degree of colonization.

.3.3. Timing
GBS carriage using vagino-rectal cultures could be detected as

arly as 26 to 28 weeks gestation but the stability of carriage is
uestionable. Early detection could be advantageous for preven-
ion of GBS EOD disease in premature deliveries [41]. Since GBS
olonization is dynamic, its status can change during pregnancy
nd the observed predictive values of antenatal screening cultures
erformed too early have been shown to be very low. Therefore, the
loser to delivery that bacteriological screening is undertaken, the
reater its utility, as sensitivity and specificity are both increased
3,118]. Based on Yancey’s study and also to improve predictive val-
es, collection for antenatal screening was further recommended
etween 35 and 37 weeks and has been used as a surrogate marker
or intrapartum GBS colonization [2,34,96,102,119]. In France, the
NAES recommends an extended period for screening, between 34
nd 38 weeks’ gestation [97] and in Japan the recommendation is
etween 33 and 37 weeks’ gestation [103]. The 35–37 weeks’ ges-
ation period for screening has increased predictive values but is
till not perfect. A substantial number of positive mothers for GBS
t delivery, (up to 30%), are not identified as carriers and up to 25%
f women identified as GBS carriers are no longer positive at the
ime of delivery [5,120].

.3.4. Specimen processing

Since the first studies, for GBS carriage, inoculation of a selec-

ive enrichment broth incubated overnight and further subculture
as shown to be superior to culture performed by direct plating

f the specimen. In the 1996 CDC guidelines, the screening-based
e 31S (2013) D31– D42 D37

strategy for prevention of GBS perinatal disease recommended the
inoculation of a selective enrichment broth such as Lim or Trans-
vag broth (Todd-Hewitt broth supplemented either with colistin
and nalidixic acid or with gentamicin and nalidixic acid) and fur-
ther subculture onto sheep blood agar with/without colistin and
nalidixic acid [3,6,13,34,102], however, many other countries do
not recommend the selective enrichment step [97]. Since then,
several selective differential media for GBS have been developed
and recommended in Europe [34,96]. The first differential agar is
the Granada medium formulated by Manuel de la Rosa from Spain
[121]. This medium, incubated in an anaerobic atmosphere, allows
the selective growth of GBS and its differentiation by enhanc-
ing the production of the orange pigment specific to �-hemolytic
GBS. All orange colonies growing on this medium are GBS, but
non-hemolytic colonies of GBS appear greyish-white and cannot
be differentiated from other commensal bacteria like enterococci.
Nevertheless, use of this medium has significantly improved cul-
ture for GBS screening when compared either to direct plating or
subculture onto blood agar. Granada like agar has been used and
recommended for more than 10 years at least within the Spanish
and Belgian guidelines [34,96]. In 2005 and 2007, two chromogenic
media, StreptoB ID (bioMérieux, France) and StreptoB select (Bio-
rad, France), became available for the selective differential growth
of GBS [122,123]. They compare well to Granada agar and are supe-
rior to blood agar with or without nalidixic acid; StreptoB Select
has shown to be slightly more sensitive and both are less specific
than Granada agar [123]. The identification of all presumptive GBS
on chromogenic media as on blood agar must be confirmed. Chro-
mogenic media have been used in Europe for the last few years.
In the USA, the revision of the guidelines launched in 2010 by
CDC recommended the use of Granada like media as well as chro-
mogenic agar for sub-culture from incubated selective enrichment
broth [13]. The methods for GBS screening have been improved
but nonetheless cases still occur due to “false” negative screening.
These false negative predictive values for GBS vaginal colonization
at the time of delivery can be due to either new acquisition of GBS
after screening or to false negative culture. Failure to culture GBS,
unrelated to culture process, can be associated with the length of
transportation or to oral antibiotherapy taken before screening or
to feminine hygiene. To a great extent these false negatives could
explain a substantial number of the cases; on the other hand, the
false positives or changes in GBS colonization status in women
before delivery can promote unnecessary intrapartum antibiopro-
phylaxis.

4.4. Non-culture methods for antenatal screening

To improve both positive and negative predictive values for
screening, several rapid tests have been developed aimed at real
time assessment of intrapartum vaginal GBS colonization. Sev-
eral studies have also confirmed the expected benefits of using
a reliable, highly sensitive rapid test resulting in an increase of
targeted IAP whilst reducing the number of unnecessary IAP.
In addition to high sensitivity and specificity and to allow for
timely IAP, a short turnaround time which should not exceed
one hour from ward to bench should be included and the test
should be available 24 h a day, seven days a week. During the
last two  decades, rapid tests were developed with minimal suc-
cess and uptake until very recently. The first generations included
optical immunoassays and enzyme immunoassays. Although they
had good specificity, they showed disappointing performance
with low sensitivity, which only increased with heavy coloniza-

tion; hence a negative test could not rule out GBS colonization
[124].

With the advances in the polymerase chain reaction (PCR)
and fluorescence labelling technologies providing new detection
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latforms for bacterial identification [105], a new generation of
ests have now become available. Currently, real-time PCR-based
ests (or NAAT–Nucleic Acid Amplification Test) can equal or sur-
ass the sensitivity of antenatal culture at 35–37 weeks’ gestation
nd compare favourably with the gold standard of enrichment
ollowed by subculture for the detection of GBS colonization at
resentation for delivery [13,17,105,125,126]. As far as the use of
vailable NAAT for GBS after enrichment step increases sensitivity
p to 92–100%, they could be used for antenatal screening at 35–37
eeks’ gestation. Currently, despite the availability of NAAT for GBS

hrough real-time PCR, their utility to assess intrapartum GBS col-
nization and thus to avoid antenatal screening remains limited.
t least, they offer the potential for GBS detection among women
ithout antenatal care or among those in whom no antenatal cul-

ure was performed. Among the available tests approved by the
ood and Drug Administration (USA), the XpertTM GBS (Cepheid),
an yield results in 30 to 45 minutes and is characterized by an
xtremely low workload. It is simple enough for even inexperi-
nced technicians to perform. However, use of this relatively new
nd more expensive technology is not currently widespread among
uropean hospitals and must still be assessed for its use in the
creening-based strategy. Haberland & Benitz’s cost analysis sug-
ested that rapid simple NAAT benefits exceed their costs in Europe,
ne of the first experiences in a clinical setting has showed its
uperiority for prevention of perinatal GBS early onset disease at

 neutral cost when compared to the vaginal antenatal cultures
erformed at 35–37 weeks gestation and has been implemented
s unique screening in term deliveries [106]. Further studies using
eal-time NAAT performed in intrapartum setting are needed to
dentify targeted population and settings where the test will be

ost useful. To avoid one important drawback of these tests, an
xpected improvement would be the combined detection of GBS
nd of markers for resistance to clindamycin, in order to guide
he appropriate IAP for penicillin-allergic women at high risk of
naphylaxis.

.5. Drawbacks of use of antibiotics and unintended
onsequences

With the successful implementation of IAP strategies, concerns
rise regarding the increased use of antimicrobials among pregnant
omen in labour resulting in the exposure of a large number of
omen and infants to possible adverse effects without benefit

127]. Maternal anaphylaxis associated with IAP occurs but is very
are; since the issue of the first guidelines in the United States in
996, only four reports of non fatal cases have been published [13].
here is no risk of anaphylaxis resulting from IAP in the foetus or
ewborn as they are unlikely to have had previous exposure to the
ntibiotic and because maternal IgE antibodies are not transmitted
cross the placenta [13]. Therefore, might there be adverse effects
uch as increased incidence of Gram negative or drug–resistant
eonatal sepsis? Even though limited studies have been contro-
ersial, global surveillance has not confirmed these fears and these
tudies are not of sufficient magnitude to outweigh the benefits
f IAP to prevent GBS EOD [5,9,11–13,18,128,129]. As reported by
anaka, infants’ antibiotic exposure through maternal IAP might
nfluence the development of neonatal intestinal microbiota [130].
ontinued surveillance of neonatal sepsis is needed to monitor
hanges in neonatal pathogens, antibiotic resistance profiles and
ntibiotic use.

Another cause of anxiety is how IAP might affect the clinical
resentation of GBS-EOD and could prevention efforts impair the

bility to diagnose the disease? Several studies have found that the
attern of GBS EOD was not affected by exposure to IAP [131].

The widespread use of GBS IAP raises concern about the devel-
pment of antibiotic resistance among GBS isolates. GBS continues
e 31S (2013) D31– D42

to be susceptible to �-lactams and the exceptions of the few cases
reported in Japan and in the United States [13]. However, the clin-
ical significance of the elevated MICs to penicillin observed in
those strains remains unclear [13]. The increasing resistance to
clindamycin is more worrying for choosing an alternative agent
for IAP in penicillin allergic patient but is not associated to IAP.
Thus, antimicrobial susceptibility testing of GBS isolates is crucial
for selection of the appropriate antimicrobial agent for intrapartum
prophylaxis in penicillin allergic women at high risk for anaphy-
laxis.

5. Immunoprophylaxis to prevent GBS neonatal disease

Vaccination represents the most attractive strategy for GBS
disease prevention. As anti-CPS IgG concentrations in infants are
inversely correlated with their risk of developing GBS EOD and
LOD [23], a long awaited alternative to chemoprophylaxis is immu-
nization, targeting women of childbearing age to subsequently
protect neonates against GBS infection. Furthermore GBS vac-
cine might prevent a broad range of GBS associated diseases
such as EOD, LOD, miscarriage, stillbirth and maternal infection
[2,4,12,13,18,19,23,30,132]. During the last two  decades, the first
generations of vaccine targeting serotype CPS have been exten-
sively studied. Phase 1 and phase 2 clinical trials among healthy
adults have demonstrated safety and immunogenicity of monova-
lent or multivalent, uncoupled CPS or conjugated vaccines against
GBS types Ia, Ib, II, III and V [2,51,63,64,131–138]. Today, CPS-based
vaccines are in advanced stage of development but are not yet
licensed. The development of such effective GBS vaccine with global
relevance has been hampered by changes in the distribution of GBS
serotypes of clinical strains in different continents and time periods
[139]. Meanwhile, aiming to overcome the type-specificity, efforts
have been directed towards the identification of highly protective
protein antigens. A new generation of vaccines targeting conserved
surface proteins are considered the best candidates against GBS
infection. Antibodies directed against these surface antigens can
interfere with streptococcal virulence factors. Before 2005, among
known surface proteins, only C5a peptidase and Sip were expressed
at the surface of all GBS isolates and were identified as potential
vaccine candidates [28,140,141]. Thanks to reverse vaccinology, a
new approach built on genome-based antigen discovery using inte-
gration of several techniques such as genomics, bioinformatics and
molecular biology [142], has allowed the discovery of pilus–like
structures on GBS surface [143]. Studies by Maione et al., Rosini et al.
and Margarit et al. confirmed that GBS pili protein components,
a combination of three proteins, could represent valid candidates
for the development of the most interesting serotype independent
vaccine. Furthermore a pilus-based vaccine could also be useful in
preventing GBS colonization, by interfering with bacterial adhesion
to host cells and by inhibiting GBS biofilm formation [144,145].

The most promising route towards a universal GBS vaccine
would be a combination of glycoconjugates representing the most
diffused serotypes combined with a mix of highly protective pilus
proteins.

6. Future perspectives and needs

Development of a GBS vaccine is the most promising approach
for the prevention of GBS infections in babies, given the potential
adverse effects of intrapartum antimicrobial prophylaxis as well
as the need for effective prevention of both adult and late peri-

natal disease. There are numerous prevention strategies at this
time (IAP; screening; or ‘do nothing’) but none are effective in the
eradication of neonatal EOD GBS disease and there are no preven-
tative strategies for LOD. The need for a GBS vaccine is therefore, of
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tmost importance, but numerous questions arise, particularly for
eveloped countries. Will the vaccine completely replace standard
f care prophylaxis? Which vaccine formula/structure would be
ost effective i.e.: the 3-valent or the 5-valent conjugate vaccine.

he efficacy of the 3-valent vaccine will be established in the forth-
oming Phase III clinical trials. The optimal strategy is to ensure
hat protective levels of antibody are present at delivery. Efforts
pplying genomics to GBS vaccine development have led to the
dentification of novel, highly conserved protein antigens that are
xpressed on the bacterial cell surface, for example the pilus-like
tructures on the surface of GBS are also potential and important
andidates. The publication of GBS whole genomes coupled with
ew technologies including multigenome screening and bioinfor-
atics has allowed researchers to overcome the serotype limitation

f earlier vaccine preparations in the search of a universal effective
accine against GBS [143].

For the introduction of any GBS vaccine there are urgent needs
or pre and post vaccine enhanced surveillance studies in countries.

 Pan-European surveillance would be recommended but this may
rove difficult as GBS invasive disease is not notifiable in the major-

ty of developed countries. Perhaps a system similar to the ABC
ndertaken in the USA would suit the majority of countries in addi-
ion to awareness campaigns which are all at a huge economic cost
o the health services within each country. It is difficult to predict
he impact of a CPS or protein vaccine on the GBS population. This
herefore strengthens the case for a robust and standardized global
urveillance of GBS in particular during the phase 3 or 4 clinical
rials.

. Conclusions

The data in the literature from developed countries strongly
ndicate that a conjugate vaccine incorporating five serotypes (Ia, Ib,
I, II, V) could prevent more than 85% of global GBS disease in infants
90 days. The type distributions in Europe, the Americas, Western
acific and even some parts of Africa and the Eastern Mediterranean
ave not changed within the last 30 years. This is in contrast with
he regional variation observed with other vaccine preventable dis-
ases [146,147]. Standardized surveillance, improvements in GBS
iagnostic techniques, treatment and management coupled with
idespread implementation of a GBS vaccine would substantially

educe the global burden and would also contribute towards a
eduction in prematurity and still births.
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et  al. Prevalence and mechanisms of erythromycin resistance in Streptococ-
cus  agalactiae from healthy pregnant women. Microb Drug Resist 2009;15:
121–4.

[72] Imperi M,  Gherardi G, Berardi A, Baldassarri L, Pataracchia M,  Dicuonzo G,
et  al. Invasive neonatal GBS infections from an area-based surveillance study
in Italy. Clin Microbiol Infect 2011;17(12), 1834-9.

[73] Gygax SE, Schuyler JA, Kimmel LE, Trama JP, Mordechai E, Adelson ME.
Erythromycin and clindamycin resistance in group B streptococcal clinical
isolates. Antimicrob Agents Chemother 2006;50:1875–7.

[74] de Azavedo JC, McGavin M,  Duncan C, Low DE, McGeer A. Prevalence and
mechanisms of macrolide resistance in invasive and noninvasive group B
streptococcus isolates from Ontario, Canada. Antimicrob Agents Chemother
2001;45:3504–8.

[75] Desjardins M,  Delgaty KL, Ramotar K, Seetaram C, Toye B. Prevalence and
mechanisms of erythromycin resistance in group A and group B Strep-
tococcus: implications for reporting susceptibility results. J Clin Microbiol
2004;42:5620–3.

[76] Castor ML,  Whitney CG, Como-Sabetti K, Facklam RR, Ferrieri P, Bartkus JM,
et  al. Antibiotic resistance patterns in invasive group B streptococcal isolates.
Infect Dis Obstet Gynecol 2008:1–5, http://dx.doi.org/10.1155/2008/727505.

[77] Seo YS, Srinivasan U, Oh KY, Shin JH, Chae JD, Kim MY,  et al. Changing
molecular epidemiology of group B streptococcus in Korea. J Korean Med Sci
2010;25:817–23.

[78] Janapatla RP, Ho YR, Yan JJ, Wu HM,  Wu JJ. The prevalence of erythromycin
resistance in group B streptococcal isolates at a University Hospital in Taiwan.
Microb Drug Resis 2008;14:293–7.

[79] Granlund M,  Axemo P, Bremme K, Bryngelsson AL, Carlsson Wallin M,
Ekström CM, et al. Antimicrobial resistance in colonizing group B strepto-
cocci before the implementation of a Swedish intrapartum antibiotic
prophylaxis program. Eur J Clin Microbiol Infect Dis 2010;29:1195–201,
http://dx.doi.org/10.1007/s10096-010-0877-3. Epub 2010 Aug 13.

[80] Leclercq R. Mechanisms of resistance to macrolides and lincosamides: nature
of  the resistance elements and their clinical implications. Clin Infect Dis
2002;34:482–92.

[81] Malbruny B, Werno AM,  Anderson TP, Murdoch DR, Leclercq R. A new
phenotype of resistance to lincosamide and streptogramin A-type antibi-
otics in Streptococcus agalactiae in New Zealand. J Antimicrob Chemother
2004;54:1040–4.

[82] Faccone D, Lalonardi F, Abel S, Machain M,  Errecalde L, Littvik A, et al. Multiple-
clones of Streptococcus agalactiae harbouring lnuB gene. J Infect Dev Ctrie
2010;4:580–2.

[83] Achard A, Villers C, Pichereau V, Leclercq R. New lnu© gene conferring resis-
tance to lincomycin by nucleotidylation in Streptococcus agalactiae UCN36.
Antimicrob Agents Chemother 2005;49:2716–9.

[84] Ialonardi F, Faccone D, Abel S, Machain M, Errecalde L, Litvik A.
Multiple-clones of group-B streptococci clinical isolates with an unusual
erythromycin-susceptible and clindamycin-resistant phenotype. In: 26th
international congress of chemotherapy and infection. 2009.

[85] Bell JM,  Lee K, Kim MN,  Kim EC, Hsueh PR, Jones RN. Emergene of MLSB L-
phenotype and lnu(B) resistance in Streptococcus agalactiae in Asia Pacific. In:
49  thICAAC. 2009. Poster C1-620a.

[86] Descy J, Ackermans Y, Boreux R, Meex C, Remont L, Rodriguez Cuns G, et al.
resistance in group B streptococcus in Belgium. In: American Society for
Microbiology (ASM), Program and abstracts of the 52nd intersciences con-
ference on antimicrobial agents and chemotherapy 2012 (poster 2084).
2012.

http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0175
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0180
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0185
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0190
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0195
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0195
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0195
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0195
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0195
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0195
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0195
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0195
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0195
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0195
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0195
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0195
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0195
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0195
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0195
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0195
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0195
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0200
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0205
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0210
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0215
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0220
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0225
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0230
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0235
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0240
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0245
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0250
http://cdc.gov/abcs/reports-findings/survreports/gbs10-orig.pdf
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0260
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0265
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0270
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0275
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0280
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0285
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0290
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0295
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0300
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0305
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0310
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0315
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0320
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0325
dx.doi.org/10.1128/AAC.00185-08
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0335
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0340
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0345
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0350
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0355
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0360
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0365
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0370
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0375
dx.doi.org/10.1155/2008/727505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0385
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0390
dx.doi.org/10.1007/s10096-010-0877-3
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0400
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0405
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0410
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0415
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0420
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0425
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0430


accin

[

[

[

[

[

[

[

[

[

P. Melin, A. Efstratiou / V

[87] Dogan B, Schukken YH, Santisteban C, Boor KJ. Distribution of serotypes and
antimicrobial resistance genes among Streptococcus agalactiae isolates from
bovine and human hosts. J Clin Microbiol 2005;43:5899–906.

[88] Kawamura Y, Fujiwara H, Mishima N, et al. First Streptococcus agalactiae iso-
lates highly resistant to quinolones, with point mutations in gyrA and parC.
Antimicrob Agents Chemother 2003;47:3605–9.

[89] Wu H, Janapatla R, Ho Y, et al. Emergence of fluoroquinolone resistance
in  group B streptococcal isolates in Taiwan. Antimicrob Agents Chemother
2008;52:1888–90.

[90] Kimura K, Nagano N, Nagano Y, Suzuki S, Wachino J, Shibayama K, et al.
High frequency of fluoroquinolone- and macrolide-resistant streptococci
among clinically isolated group B streptococci with reduced peni-
cillin susceptibility. J Antimicrob Chemother 2013;68(March (3)):539–42,
http://dx.doi.org/10.1093/jac/dks423. Epub 2012 Oct 30.

[91] Nagano N, Nagano Y, Toyama M,  Kimura K, Tamura T, Shibayama K,
et  al. Nosocomial spread of multidrug-resistant group B streptococci with
reduced penicillin susceptibility belonging to clonal complex 1. J Antimicrob
Chemother 2012;67:849–56, http://dx.doi.org/10.1093/jac/dkr546. Epub
2011 Dec 29.

[92] Singh P, Cody Springman AC, Dele Davies H, Manning SD. Whole-genome
shotgun sequencing of a colonizing multilocus sequence type 17 Streptococcus
agalactiae strain. J Bacteriol 2012;194:6005–6.

[93] Lim DV, Morales WJ,  Walsh AF, Kazanis D. Reduction of morbidity and mortal-
ity  rates for neonatal group B streptococcal disease through early diagnosus
and chemoprophylaxis. J Clin Microbiol 1986;23:489–92.

[94] Tuppurainen N, Hallman M.  Prevention of neonatal group B streptococcal
disease: intrapartum detection and chemprophylaxis of heavily colonized
parturients. Obstet Gynecol 1989;73:583–7.

[95] Easmon CS, Hastings MJ,  Deeley J, Bloxham B, Rivers RP, Marwood R. The
effect of intrapartum chemoprophylaxis on the vertical transmission of group
B  streptococci. Br J Obstet Gynaecol 1983;90:633–5.

[96] Alós Cortés JI, Andreu Domingo A, Arribas Mir L, Cabero Roura L,
de  Cueto López M,  López Sastre J, et al. Prevention of neonatal
group B sreptococcal infection. Spanish recommendations. Update 2012.
SEIMC/SEGO/SEN/SEQ/SEMFYC consensus document. Enferm Infecc Micro-
biol Clin 2013;31(3):159–72, http://dx.doi.org/10.1016/j.eimc.2012.03.013.
Epub 2012 June 2, Spanish.

[97] ANAES. Agence Nationale d‘Accréditation et d‘Evaluation en Santé. Préven-
tion anténatale du risque infectieux bactérien néonatal précoce. Available
at  http://www.has-sante.fr/portail/upload/docs/application/pdf/Antenatal
prevention.pdf; 2001.

[98] Leitlinien der Gesellschaft für Neonatologie und Pädiatrische Intensivmedizin
(GNPI), Deutschen Gesellschaft für Gynäkologie und Geburtshilfe, Deutschen
Gesellschaft für Pädiatrische Infektiologie (DGPI), und Deutsche Gesellschaft
für  Perinatale Medizin (DGPM). Prophylaxe der Neugeborensepsis – frühe
Form – durch Streptokokken Streptokokken der Gruppe B. Available at:
http://www.uniuesseldorf.de/AWMF/ll/024-020.htm; 2008.

[99] Nederlandse Vereniging voor Obstetrie en Gynaecologie. NVGO.
2008. Preventie Van Neonatale Groep-B-Streptokokkenziekte (Gbs-
Ziekte). Versie 2.0. Available at: http://www.nvogdocumenten.nl/
richrtlijn/item/pagina.php?id=26959&richtlijn id=827 2008.

100] Royal College of Obstetricians and Gynaecologists. Prevention of early onset
neonatal group B streptococcal disease. R Coll Obstet Gynecol Guideline
2003;36:1–10.

101] Trijbels-Smeulders MAJM,  Kolee LAA, Adriaanse AH, Kimpen JLL, Gerards LJ.
Neonatal group B streptococcal infection: incidence and strategies for pre-
vention in Europe. Pediatr Infect Dis J 2004;23:172–3.

102] The Royal Australian and New Zealand College of Obstetricians and
Gynaecologists. Screening and treatment for Group B streptococcus in preg-
nancy. College Statement C-Obs 19. Available from: www.ranzcog.edu.au/
publications/statements/C-obs19.pdf; 2009 [cited 17.02.10].

103] Japan Society of Obstetrics and Gynecology and Japan Association of Obstetri-
cians and Gynecologists. GBS Hokinshindan to toriatsukai ha? In: Guidelines
for  Obstetric and gynecologic practice-obstetrics 2011. Tokyo: Japan Society
of  Obstetrics and Gynecology; 2011. p. 239–41 (in Japanese).

104] Lorquet S, Melin P, Minon JM,  Carpentier M,  Gerday C, Rigo J, et al. Group B
streptococcus in the antenatal clinic and in the delivery room: a matter of
systematic attitude. J Gynecol Obstet Biol Reprod (Paris) 2005;34:115–27 (in
French).

105] Bergeron MG,  Danbing K. New DNA-based PCR approaches for rapid real-time
detection and prevention of group B streptococcal infections in newborns and
pregnant women. Reprod Medi Rev 2004;11:25–41.

106] El Helali N, Giovangrandi Y, Guyot K, Chevet K, Gutmann L, Durand-Zaleski
I.  Cost and effectiveness of intrapartum group B streptococcus polymerase
chain reaction screening for term deliveries. Obstet Gynecol 2012;119:822–9,
http://dx.doi.org/10.1097/AOG.0b013e31824b1461.

107] Connelian M,  Wallace EM.  Prevention of perinatal group B streptococcal dis-
ease: screening practice in public hospitals in Victoria. MJA 2000;172:317–20.

108] Melin P, Schmitz M,  Heinrichs I, Hayette MP,  Foidart JM,  De Mol  P.
Prevention of neonatal group B streptococcal disease in Belgium: hospi-

tal  policy, obstetricians practices and laboratory processing. In American
Society of Microbiology (Ed.), Program and Abstracts of the 40th Inter-
sciences Conference on Antimicrobial Agents and Chemotherapy 2000
(pp. 1746). Washington, USA: American Society for Microbiology (ASM).
http://hdl.handle.net/2268/62868
e 31S (2013) D31– D42 D41

[109] Stade B, Shah V, Ohlsson A. Vaginal chlorhexidine during labour to prevent
early-onset neonatal group B streptococcal infection. Cochr Database Syst Rev
(Online) 2004;(3):CD003520.

[110] Bloom SL, Cox SM,  Bawdon RE, Gilstrap LC. Ampicillin for neonatal group
B  streptococcal prophylaxis: how rapidly can bactericidal concentrations be
achieved? Am J Obstet Gynecol 1996;175:974–6.

[111] Illuzzi JL, Bracken MB.  Duration of intrapartum prophylaxis for neona-
tal group B streptococcal disease: a systematic review. Obstet Gynecol
2006;108:1254–65.

[112] Barber EL, Zhao G, Buhimschi IA, Illuzzi JL. Duration of intrapartum pro-
phylaxis and concentration of penicillin G in fetal serum at delivery. Obstet
Gynecol 2008;112(2 Pt 1):265–70.

[113] Bloom SL, Cox SM,  Bawdon RE, Gilstrap LC. Ampicillin for neonatal group
B  streptococcal prophylaxis: how rapidly can bactericidal concentrations be
achieved? Am J Obstet Gynecol 1996;175(4 Pt 1):974–6.

[114] Colombo DF, Lew JL, Pedersen CA, Johnson JR, Fan-Havard P. Optimal timing
of  ampicillin administration to pregnant women for establishing bacteri-
cidal levels in the prophylaxis of group B streptococcus. Am J Obstet Gynecol
2006;194:466–70.

[115] Badri MS,  Zawaneh S, Cruz AC, Mantilla G, Baer H, Spellacy WN,  et al. Rectal
colonization with group B Streptococcus: relation to vaginal colonization of
pregnant women. J Infect Dis 1977;135:308–12.

[116] Dillon HC, Gray E, Pass MA, Gray BM.  Anorectal and vaginal carriage of group
B  streptococci during pregnancy. J Infect Dis 1982;145:794–9.

[117] Rosa-Fraile M,  Camacho-Munoz E, Rodriguez-Granger J. Specimen storage in
transport medium and detection of group B streptococci by culture. J Clin
Microbiol 2005;43:928–30.

[118] Gilbert GL, Isaacs D, Burgess MA,  et al. Prevention of neonatal group B strep-
tococcal sepsis: is routine antenatal screening appropriate. Aust N Z J Obstet
Gynaecol 1995;35:120–6.

[119] Yancey MK,  Schuchat A, Brown LK, Ventura VL, Markenson GR. The accuracy
of  late antenatal screening cultures in predicting genital group B streptococcal
colonization at delivery. Obstet Gynecol 1996;88:811–5.

[120] Melin P, Schmitz M,  Tsobo C, Hayette MP,  De Mol  P. Rapid intrapartum
test (Strep B OIA) and prenatal cultures for identification of group B
streptococcal carriers at delivery: a prospective study. In American Soci-
ety of Microbiology (Ed.), Program and Abstracts of the 40th Intersciences
Conference on Antimicrobial Agents and Chemotherapy 2000 (pp. 357
session 30). Washington, USA: American Society for Microbiology (ASM).
http://hdl.handle.net/2268/36477

[121] de la Rosa M,  Perez M,  Carazo C, Pareja L, Peis JI, Hernandez F. New Granada
medium for detection and identification of group B streptococci. J Clin Micro-
biol  1992 Apr;30:1019–21.

[122] Tazi A, Reglier-Poupet H, Dautezac F, Raymond J, Poyart C. Comparative eval-
uation of Strepto B ID chromogenic medium and Granada media for the
detection of group B Streptococcus from vaginal samples of pregnant women.
J  Microbiol Methods 2008;73:263–5.

[123] Melin P, Huynen P, Meex C, De Mol  P. Evaluation of the StrepB Select agar for
the detection of group B streptococci from vaginal and recto-vaginal speci-
mens. In ESCMID (Ed.), Program and Abstracts book of the 18th ECCMID 2008.
http://hdl.handle.net/2268/65821

[124] Melin P, Group B. Streptococcal disease in the newborn – maternal
screening methods and antimicrobial prophylaxis. Eur Obst Gyn  2008;3:
58–62.

[125] Davies HD, Miller MA,  Faro S, Gregson D, Kehl SC, Jordan JA. Multicenter study
of a rapid molecular-based assay for the diagnosis of group B Streptococcus
colonization in pregnant women. Clin Infect Dis 2004;39:1129–35.

[126] Daniels J, Gray J, Pattison H, et al. Intrapartum tests for group B streptococcus:
accuracy and acceptability of screening. BJOG 2011;118:257–65.

[127] Hager WD,  Schuchat A, Gibbs R, Sweet R, Mead P, Larsen JW.  Prevention
of perinatal group B streptococcal infection: current controversies. Obstet
Gynecol 2000;96:141–5.

[128] Moore MR,  Schrag SJ, Schuchat A. Effects of intrapartum antimicrobial
prophylaxis for prevention of group B streptococcal disease on the inci-
dence and ecology of early onset neonatal sepsis. Lancet Infect Dis 2003;3:
201–13.

[129] Sutkin G, Krohn MA, Heine RP, et al. Antibiotic prophylaxis and non group B
streptococcal neonatal sepsis. Obstet Gynecol 2005;105:581–6.

[130] Tanaka S, Kobayashi K, Songjinda P, et al. Influence of antibiotic exposure in
the early postnatal period on the development of intestinal microbiota. FEMS
Immunol Med  Microbiol 2009;56:80–7.

[131] Puopolo KM, Madoff LC, Eichenwald EC. Early-onset group B streptococcal
disease in the era of maternal screening. Pediatrics 2005;115:1240–6.

[132] Baker C, Edwards M,  Group B. streptococcal conjugate vaccines. Arch Dis Child
2003;88:375–8.

[133] Paoletti LC, Madoff LC, Kasper DL. Surface structures of group B streptococcus
important in human immunity. In: Fischetti VA, Novick RP, Ferretti J, Portony
DA, Rood JI, editors. Gram-positive pathogens. Washington, DC:  ASM Press;
2000. p. 137–53.

[134] Heath PT, Feldman RG. Vaccination against group B streptococcus. Expert Rev
Vaccines 2005;4:207–18.
[135] Edwards MS,  Group B. streptococcal conjugate vaccine: a timely concept for
which the time has come. Human Vaccines 2008;4:444–8.

[136] Kasper DL, Paoletti LC, Wessels MR,  et al. Immune response to type III group B
streptococcal polysaccharide-tetanus toxoid conjugate vaccine. J Clin Invest
1996;98:2308–14.

http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0435
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0440
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0445
dx.doi.org/10.1093/jac/dks423
dx.doi.org/10.1093/jac/dkr546
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0460
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0465
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0470
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0475
dx.doi.org/10.1016/j.eimc.2012.03.013
http://www.has-sante.fr/portail/upload/docs/application/pdf/Antenatal_prevention.pdf
http://www.has-sante.fr/portail/upload/docs/application/pdf/Antenatal_prevention.pdf
http://www.uniuesseldorf.de/AWMF/ll/024-020.htm
http://www.nvogdocumenten.nl/richrtlijn/item/pagina.php?id=26959%38richtlijn_id=827;
http://www.nvogdocumenten.nl/richrtlijn/item/pagina.php?id=26959%38richtlijn_id=827;
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0505
http://www.ranzcog.edu.au/publications/statements/C-obs19.pdf
http://www.ranzcog.edu.au/publications/statements/C-obs19.pdf
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0515
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0520
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0525
dx.doi.org/10.1097/AOG.0b013e31824b1461
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0535
http://hdl.handle.net/2268/62868
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0545
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0550
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0555
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0560
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0565
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0570
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0575
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0580
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0585
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0590
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0595
http://hdl.handle.net/2268/36477
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0605
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0610
http://hdl.handle.net/2268/65821
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0620
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0625
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0630
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0635
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0640
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0645
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0650
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0655
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0660
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0660
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0660
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0660
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0660
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0660
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0660
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0660
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0660
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0660
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0660
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0660
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0660
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0660
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0660
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0665
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0670
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0670
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0670
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0670
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0670
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0670
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0670
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0670
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0670
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0670
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0670
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0670
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0670
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0670
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0670
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0675
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0680


D accin
42 P. Melin, A. Efstratiou / V

[137] Baker CJ, Paoletti LC, Wessels MR,  et al. Safety and immunogenicity of capsular
polysaccharide-tetanus toxoid conjugate vaccines for group B streptococcal
types Ia and Ib. J Infect Dis 1999;179:142–50.

[138] Paoletti LC, Kasper DL. Glycoconjugate vaccines to prevent group B strepto-
coccal infections. Expert Opin Biol Ther 2003;3:975–84.

[139] Davies HD, Raj S, Adair C, Robinson J, McGeer A. Population-based active
surveillance for neonatal group B streptococcal infections in Alberta,
Canada: implications for vaccine formulation. Pediatr Infect Dis J 2001;20:
879–84.

[140] Cheng Q, Carlson B, Pillai S, Elby R, Edwards L, Olmsted SB, et al. Antibody
against surface-bound C5a peptidaseis opsonic and initiates macrophage
killing of group B streptococci. Infect Immun  2002;70:6409–15.

[141] Martin D, Rioux S, Gagnon E, Boyer M,  Hamel J, Charland N, et al.

Protection from group B streptococcal infection in neonatal mice by mater-
nal immunization with recombinant Sip protein. Infect Immun 2002;70:
4897–901.

[142] Bagnoli F, Norais N, Ferlenghi I, Scarselli M,  Donati C, Savino S, et al. Design-
ing vaccines in the era of genomics. In: Rappuoli R, Bagnoli F, editors. Vaccine
e 31S (2013) D31– D42

design: innovative approaches and novel strategies. Norfolk, UK: Caister Aca-
demic Press; 2011. p. 21–53.

[143] Maione D, Margarit I, Rinaudo CD, Masignani V, Mora M,  Scarselli M, et al.
Identification of a universal group B streptococcus vaccine by multiple
genome screen. Science 2005;309:148–50.

[144] Pezzicoli A, Santi I, Lauer P, Rosini R, Rinaudo D, Grandi G, et al. Pilus back-
bone contributes to group B streptococcus paracellular translocation through
epithelial cells. J Infect Dis 2008;198:890–8.

[145] Rinaudo CD, Rosini R, Galeotti CL, Berti F, Necchi F, Reguzzi V, et al. Specific
involvement of pilus type 2a in biofilm formation in group B streptococcus.
PLoS One 2010;5:e9216.

[146] O’Brien KL, Wolfson LJ, Watt JP, et al. Burden of disease caused by Strepto-
coccus pneumonia in children younger than 5 years: global estimates. Lancet

2009;374:893–902.

[147] Trotter CL, McVernon J, Ramsay ME,  et al. Optimising the use of con-
jugate vaccines to prevent disease caused by Haemophilus influenza type
b,  Neisseria meningitidis and Streptococcus pneumoniae. Vaccine 2008;26:
4434–45.

http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0685
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0690
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0695
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0700
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0705
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0710
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0715
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0720
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0725
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0730
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735
http://refhub.elsevier.com/S0264-410X(13)00590-2/sbref0735

	Group B streptococcal epidemiology and vaccine needs in developed countries
	1 Introduction
	2 Description of the bacteria and virulence factors
	3 Overview of GBS global epidemiology and disease burden
	3.1 Carriage and transmission
	3.2 Invasive neonatal GBS diseases and risk factors
	3.2.1 Early-onset GBS disease
	3.2.2 Late-onset GBS disease
	3.2.3 Disease burden and incidence

	3.3 Surveillance of GBS in Europe, USA and Australasia
	3.3.1 Serotype distributions and molecular characterization
	3.3.2 Serological studies
	3.3.3 Antimicrobial resistance

	3.4 Genomic approaches to surveillance

	4 Prevention strategies of GBS neonatal infection by chemoprophylaxis
	4.1 Intrapartum antibiotic prophylaxis (IAP)
	4.2 Different guidelines for GBS neonatal prevention
	4.3 Antenatal screening culture, variability and predictive value
	4.3.1 Specimen
	4.3.2 Transport conditions
	4.3.3 Timing
	4.3.4 Specimen processing

	4.4 Non-culture methods for antenatal screening
	4.5 Drawbacks of use of antibiotics and unintended consequences

	5 Immunoprophylaxis to prevent GBS neonatal disease
	6 Future perspectives and needs
	7 Conclusions
	Acknowledgments
	References


