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Early-onset group B streptococcal disease (EOGBS) remains an important cause of invasive 
neonatal infection and is traditionally attributed predominantly to vertical transmission 
occurring during labor or following rupture of membranes. Although this model provides the 
basis for current screening and intrapartum antibiotic prophylaxis strategies, increasing clinical, 
pathological, experimental, and molecular observations have raised the possibility that fetal 
exposure to Group B Streptococcus (GBS) may occur before the onset of labor in a subset of 
pregnancies. In this narrative review, the biological and clinical pathways linking maternal GBS 
colonization to neonatal infection are examined, with particular attention to the temporal 
distinction between intrauterine and intrapartum transmission. Evidence concerning ascending 
infection, intraamniotic exposure, placental and fetal inflammatory responses, and molecular 
characterization of matched maternal, intraamniotic, placental, and neonatal isolates is 
considered. The established intrapartum transmission model and the evidence supporting its 
prevention through intrapartum antibiotic prophylaxis are also reviewed. The strengths and 
limitations of the available evidence for intrauterine acquisition are discussed, with emphasis on 
the difficulty of distinguishing antenatal infection from exposure occurring immediately before 
or during delivery. Finally, the potential implications of a broader temporal model for prevention 
are considered, including the complementary roles of intrapartum prophylaxis, antenatal risk 
recognition, and maternal vaccination. By integrating these perspectives, this review aims to 
provide a framework for understanding EOGBS as a potentially heterogeneous process in which 
maternal colonization, ascending infection, peripartum exposure, and neonatal invasion may 
occur along a continuum rather than as mutually exclusive transmission pathways. 
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1. Introduction 

1.1 Clinical importance of GBS 

Group B Streptococcus (GBS), or Streptococcus 
agalactiae, is an important cause of invasive infection 
during pregnancy and the neonatal period. The organism 
commonly colonizes the gastrointestinal and 
genitourinary tracts of healthy individuals, and maternal 
rectovaginal colonization represents the principal 
recognized risk factor for neonatal early-onset disease 
(EOD) [1]. Although colonization is frequently 
asymptomatic, maternal carriage can be associated with 
transmission to the fetus or newborn and, in some 
circumstances, with maternal upper genital tract 
infection, intraamniotic infection, preterm birth, and 
other adverse pregnancy outcomes. Current 
epidemiological evidence indicates that maternal GBS 
colonization remains common worldwide, although 
prevalence varies substantially between populations. A 
recent systematic review of matched maternal-neonatal 
pairs estimated pooled maternal colonization at 17.1% 
and demonstrated a markedly increased likelihood of 
neonatal colonization among infants born to colonized 
mothers [2].  

1.2 Conventional model of EOGBS transmission 

Early-onset group B streptococcal disease (EOGBS) 
is conventionally defined by invasive disease occurring 
during the first six days of life and is predominantly 
associated with maternal colonization and vertical 
transmission around the time of labor and delivery. In 
the established model, GBS present in the maternal 
genital tract is exposed to the fetus or newborn during 
labor, particularly following membrane rupture, and 
may subsequently colonize the neonatal respiratory or 
mucosal surfaces before progressing to bacteremia and 
sepsis [1,3]. This model provides the biological 
rationale for antenatal screening and intrapartum 
antibiotic prophylaxis (IAP), which remains the 
principal strategy for reducing EOGBS. Contemporary 
obstetric guidance continues to describe transmission 
during labor or following rupture of membranes as the 
predominant pathway [1,4]. 

1.3 Why reconsider the timing of transmission? 

The conventional intrapartum model, however, does 
not necessarily imply that all EOGBS infections are 
acquired after the onset of labor. Increasing clinical, 
microbiological, and pathological observations indicate 
that GBS may reach the intraamniotic compartment 
before delivery in a subset of pregnancies. Intraamniotic 
GBS infection and chorioamnionitis have been 
documented, while neonatal cases associated with fetal 
inflammatory responses or clinical evidence of infection 
before birth suggest that the biological process may 
sometimes begin antenatally [5,6]. More recently, 

comparative genomic analysis has provided preliminary 
molecular evidence linking GBS recovered from the 
maternal vaginal ecosystem, amniotic fluid, 
chorioamniotic membranes, and neonatal blood in an 
individual case of early neonatal sepsis. These 
observations do not establish that intrauterine 
acquisition accounts for a large proportion of EOGBS, 
but they support consideration of EOGBS as a 
potentially heterogeneous process in which the timing 
of microbial invasion may vary [7].  

This narrative review aims to critically examine the 
currently recognized pathways leading from maternal 
GBS colonization to early-onset neonatal disease, with 
particular emphasis on the timing and biological 
plausibility of intrauterine and intrapartum 
transmission. The review is intended to clarify the 
evidence supporting ascending GBS infection and fetal 
or intraamniotic exposure before labor, while 
considering these observations alongside the well-
established intrapartum transmission model. The 
potential implications of this framework for current and 
emerging prevention strategies, including intrapartum 
antibiotic prophylaxis, antenatal risk assessment, and 
maternal vaccination, are also considered. 

2. EOGBS: From maternal colonization to 
neonatal infection 

2.1 Maternal colonization as the starting point 

Maternal colonization is the principal epidemiological 
starting point for most recognized cases of perinatal 
GBS transmission. Colonization is dynamic rather than 
uniformly persistent, and detection depends partly on 
the timing and method of sampling. The 2024 meta-
analysis of matched maternal-neonatal pairs estimated 
that approximately 4.5% of maternal-neonatal pairs 
experienced documented vertical transmission, while 
neonatal colonization was substantially more frequent 
among infants born to colonized mothers than among 
those born to non-colonized mothers [2]. These findings 
indicate that maternal carriage is an important 
prerequisite for transmission in many cases but also 
demonstrate that colonization and invasive disease are 
not equivalent events. Most colonized mothers do not 
give birth to infants who develop invasive EOGBS.  

2.2 From colonization to fetal or neonatal 
exposure 

Transmission from maternal colonization to neonatal 
disease involves several biological steps. GBS may 
ascend from the lower genital tract into the upper genital 
tract and intraamniotic compartment, or the fetus may 
encounter the organism during labor and delivery. After 
exposure, the organism must overcome epithelial and 
innate immune defenses before establishing invasive 
infection. Prematurity, prolonged rupture of 
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membranes, intraamniotic infection, and other maternal 
or obstetric factors may modify this process. 
Importantly, the distinction between exposure and 
invasive infection is critical: detection of GBS in 
maternal or neonatal specimens demonstrates 
colonization or transmission, whereas bacteremia, 
pneumonia, meningitis, or other invasive manifestations 
indicate progression beyond simple exposure [3,6,8].  

2.3 Clinical spectrum 

EOGBS most commonly presents as a rapidly 
progressive systemic infection, with sepsis and 
respiratory disease among the principal clinical 
manifestations. Severe disease may develop shortly 
after birth, and some affected neonates demonstrate 
physiological abnormalities that are compatible with 
fetal infection already occurring around the time of 
delivery [9,10]. In a cohort of neonates with culture-
confirmed early-onset GBS sepsis, most cases were 
diagnosed during the first hour of life, and affected 
neonates had higher frequencies of preterm delivery, 
low Apgar scores, severe umbilical cord acidemia, fetal 
distress, and clinical chorioamnionitis than comparison 
neonates [11]. 

3. Intrauterine GBS infection: Emerging 
evidence and biological plausibility 

3.1 Ascending infection and intraamniotic 
exposure 

An intrauterine pathway requires GBS to move 
beyond maternal colonization and reach the fetal 
environment before delivery. Ascending infection from 
the lower genital tract represents a biologically plausible 
mechanism, particularly when the normal barriers of the 
cervicovaginal environment are altered. GBS has been 
identified in association with intraamniotic infection 
and inflammation, and clinical observations have linked 
GBS-associated intraamniotic infection with adverse 
maternal and neonatal outcomes. The possibility of 
ascending infection is also consistent with the 
observation that GBS can be associated with preterm 
labor, rupture of membranes, and chorioamnionitis. 
Nevertheless, the frequency with which this pathway 
results in invasive fetal infection remains incompletely 
defined [6,12,13].  

Recent molecular evidence provides an additional 
perspective. In a 2024 study, whole-genome and 
comparative genomic analyses were performed on GBS 
isolates obtained from the maternal vaginal ecosystem, 
amniotic fluid, chorioamniotic membranes, and 
neonatal blood in a case of early neonatal sepsis. The 
investigators reported highly related organisms across 
these anatomical compartments, supporting the 
possibility of an ascending route from the maternal 
genital tract into the intraamniotic environment and 
subsequently to the newborn [7]. 

3.2 Placental and fetal inflammatory responses 

Intraamniotic exposure to GBS may generate 
maternal and fetal inflammatory responses before 
delivery. Clinical chorioamnionitis, intraamniotic 
inflammation, and fetal inflammatory activation have 
all been associated with microbial exposure during 
pregnancy. Experimental work has additionally 
demonstrated that GBS-induced placental inflammation 
can influence fetal development and inflammatory 
injury, although experimental observations cannot be 
directly equated with the clinical course of human 
EOGBS. The biological significance of this 
inflammatory response may therefore extend beyond the 
simple presence or absence of bacteremia at birth 
[12,14]. 

Evidence from clinical cohorts also supports a 
relationship between EOGBS and inflammatory 
conditions surrounding delivery. The high frequency of 
chorioamnionitis among neonates with early-onset GBS 
sepsis in observational studies suggests that at least 
some infections may involve substantial fetal or 
intraamniotic exposure before or during labor [11]. 
However, clinical chorioamnionitis is not synonymous 
with proven fetal infection, and its presence alone 
cannot determine whether microbial invasion occurred 
hours before delivery or immediately during the 
intrapartum period [15]. 

3.3 What constitutes evidence for intrauterine 
infection? 

The term “intrauterine infection” should therefore be 
applied cautiously. The strongest evidence would 
involve concordant microbiological identification of the 
same organism in maternal genital specimens, 
intraamniotic fluid or placental tissues, and fetal or 
neonatal samples, preferably supported by molecular 
characterization. Placental histopathology and evidence 
of fetal inflammatory responses may strengthen the 
interpretation but do not necessarily establish microbial 
invasion by themselves.  

Conversely, a positive neonatal blood culture 
obtained shortly after birth cannot, in isolation, 
distinguish between acquisition immediately before 
delivery and acquisition during labor [7,11,12]. This 
distinction is important because the timing of infection 
has implications for prevention. If GBS invasion has 
already occurred before labor, an intervention 
administered only during labor may have limited ability 
to reverse established fetal infection. Conversely, the 
established effectiveness of IAP in reducing EOGBS 
supports the conclusion that a substantial proportion of 
disease remains preventable by interrupting 
transmission around delivery. The available evidence 
therefore favors a model in which intrauterine and 
intrapartum exposure may represent overlapping points 
along a temporal continuum rather than mutually 
exclusive categories [14,16]. 
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4. Intrapartum transmission: The established 
pathway 

4.1 Exposure during labor and delivery 

Intrapartum transmission remains the best-established 
pathway for EOGBS. Maternal colonization of the 
vagina and rectum provides the immediate reservoir, 
and exposure increases during labor and after rupture of 
membranes. The organism may contaminate the 
newborn during passage through the birth canal or may 
ascend following membrane rupture. The strong 
association between maternal colonization and neonatal 
colonization, together with the effectiveness of IAP, 
provides substantial support for this model [2,3,16]. 

4.2 Neonatal colonization to invasive disease 

Exposure does not invariably result in invasive 
infection. After contact with GBS, the neonate must 
progress from mucosal colonization to tissue invasion 
and bloodstream infection [17]. Host susceptibility, 
bacterial characteristics, and the intensity and duration 
of exposure may influence this transition [18]. 
Premature and very-low-birth-weight infants are 
particularly vulnerable, although term infants also 
develop EOGBS. The clinical phenotype can progress 
rapidly, which is consistent with a short interval 
between acquisition and invasive disease in some 
neonates [3,8,19]. 

4.3 Evidence supporting the intrapartum model 

The principal evidence supporting intrapartum 
transmission is epidemiological and interventional. 
Maternal GBS colonization is associated with neonatal 
colonization, and IAP substantially reduces the 
occurrence of EOGBS. In a large observational analysis, 
β-lactam prophylaxis administered for at least four 
hours before delivery was associated with high 
effectiveness against EOGBS, although shorter 
exposure was less effective [14]. Contemporary 
guidelines consequently continue to recommend IAP for 
women meeting established indications rather than 
replacing it with strategies directed exclusively at 
antenatal or postnatal periods [16]. 

5. Rethinking EOGBS: Intrauterine versus 
intrapartum transmission 

5.1 Timing and biological pathway 

The available evidence suggests that EOGBS should 
not necessarily be conceptualized as a single 
transmission event occurring exclusively during labor. 
Instead, maternal colonization may precede an 
ascending intrauterine process in some pregnancies, 
whereas in others exposure may occur predominantly 
during labor and delivery. The distinction is therefore 
temporal as well as anatomical. An intrauterine pathway 

implies microbial access to the fetal environment before 
birth, while the intrapartum pathway primarily involves 
exposure around labor, membrane rupture, and delivery. 
Current evidence is insufficient to assign precise 
proportions of EOGBS to either pathway [6-8,11,12].  

5.2 Clinical consequences 

The timing of exposure may influence the clinical 
phenotype. Antenatal infection may contribute to 
intraamniotic inflammation, preterm labor, fetal 
inflammatory responses, or fetal infection before 
delivery [18,20]. Intrapartum acquisition may instead 
result in neonatal colonization followed by rapid 
progression to bacteremia or respiratory disease after 
birth. These categories should not, however, be 
interpreted as clinically discrete syndromes. A fetus 
exposed shortly before delivery may develop findings 
that resemble both antenatal infection and conventional 
intrapartum EOGBS [11,21].  

5.3 Strength and limitations of the evidence 

The evidence supporting intrapartum transmission is 
considerably stronger at the population level because it 
is supported by epidemiological associations and 
intervention studies demonstrating that IAP reduces 
EOGBS [14]. Evidence for intrauterine transmission is 
biologically and clinically credible but more 
heterogeneous. It includes cases of intraamniotic 
infection, associations with chorioamnionitis, 
pathological observations, experimental models, and 
recent molecular characterization of matched isolates. 
The latter provides an important proof-of-concept but 
cannot establish the prevalence of this pathway. 
Consequently, the intrauterine hypothesis should be 
regarded as a complementary explanation for a subset of 
EOGBS rather than as a replacement for the established 
intrapartum model [7,12,14].  

5.4 A spectrum rather than mutually exclusive 
pathways 

A spectrum model may better accommodate the 
available evidence. Maternal colonization can persist 
without fetal exposure, progress to ascending intrauterine 
infection, or remain localized until labor provides an 
opportunity for neonatal exposure. Between these 
extremes, infection may begin shortly before delivery and 
become clinically apparent immediately after birth. This 
conceptual continuum also explains why the distinction 
between intrauterine and intrapartum infection can be 
difficult to establish retrospectively using routine clinical 
specimens. The practical value of the distinction therefore 
lies less in assigning every case to a single category and 
more in identifying which preventive strategies address 
exposure before labor and which interrupt transmission 
during delivery [6,7]. The available evidence supporting 
intrauterine and intrapartum transmission pathways is 
summarized in Table 1. 
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Table 1. Evidence supporting intrauterine and intrapartum transmission pathways in early-onset group B streptococcal disease 
Feature Intrauterine transmission Intrapartum transmission 
Timing of 
exposure 

Before delivery, potentially before onset of labor Mainly during labor and delivery, particularly after 
rupture of membranes 

Proposed pathway Ascending spread from the lower genital tract to the upper genital 
tract and intraamniotic compartment 

Exposure to GBS in the maternal genital tract during 
labor, delivery, or after membrane rupture 

Evidence described 
in the review 

Intraamniotic infection, chorioamnionitis, fetal inflammatory 
responses, pathological observations, experimental findings, and 

molecular characterization of matched isolates 

Epidemiological association between maternal 
colonization and neonatal colonization, together with 

evidence from intervention studies 
Molecular 
evidence 

Highly related GBS isolates identified in maternal vaginal 
ecosystem, amniotic fluid, chorioamniotic membranes, and 

neonatal blood in a reported case 

Molecular evidence is not presented as the principal 
basis for this pathway 

Clinical 
associations 

Intraamniotic inflammation, chorioamnionitis, preterm labor, fetal 
inflammatory responses, and possible fetal infection before 

delivery 

Rapid neonatal colonization and progression to 
invasive disease after exposure around delivery 

Strength of current 
evidence 

Biologically and clinically credible, but heterogeneous and 
insufficient to determine its population-level frequency 

Stronger population-level evidence supported by 
epidemiological and interventional studies 

Main limitation Difficult to distinguish antenatal infection from exposure 
occurring immediately before or during delivery 

Cannot explain every EOGBS case, particularly 
when infection may have been established before 

labor 
Prevention 
implications 

May require prevention or recognition strategies acting before 
labor, including maternal vaccination and improved antenatal risk 

recognition 

Supports continued use of screening and intrapartum 
antibiotic prophylaxis 

Overall 
interpretation 

Considered a complementary pathway that may account for a 
subset of cases 

Remains the established and predominant 
transmission pathway 

6. Implications for prevention  

6.1 What IAP can and cannot prevent 

The continuing effectiveness of IAP supports its role 
as the principal intervention for preventing transmission 
occurring during labor and delivery. Current obstetric 
guidance recommends universal screening at 36 0/7–37 
6/7 weeks of gestation and administration of appropriate 
prophylaxis to women with positive screening results or 
established clinical indications [3].  

Nevertheless, IAP cannot be expected to prevent 
every case of EOGBS. Infection that has already 
developed before labor, rapidly progressing infection in 
which there is insufficient time for prophylaxis, and 
cases arising when maternal colonization is not detected 
remain potential limitations of a delivery-centered 
strategy [14]. 

6.2 Maternal vaccination and antenatal prevention 

The possibility of antenatal GBS infection provides a 
rationale for preventive strategies acting before labor. 
Maternal vaccination is particularly relevant because 
transplacentally transferred antibodies could potentially 
provide protection during the period in which the fetus 
is exposed and during the early neonatal period. Vaccine 
development remains under clinical investigation, and 
current evidence supports continued evaluation rather 
than assuming that vaccination will replace established 
screening and IAP strategies [22,23].  

More broadly, improved antenatal identification of 
women at risk for intraamniotic infection may 
eventually complement delivery-based prevention, 
although evidence for specific approaches remains 
under development [6,12]. 

7. Conclusion 
EOGBS is traditionally understood as a vertically 

transmitted infection acquired predominantly during 
labor or after rupture of membranes. This model remains 
strongly supported by epidemiological and 
interventional evidence and provides the basis for 
current screening and IAP strategies. At the same time, 
clinical, pathological, experimental, and emerging 
molecular observations indicate that GBS can reach the 
intraamniotic environment before delivery and may 
occasionally contribute to fetal infection before the 
onset of labor. The present evidence does not justify 
replacing the established intrapartum model with an 
exclusively intrauterine explanation. Rather, it supports 
viewing EOGBS as a temporal continuum in which 
maternal colonization, antenatal ascending infection, 
peripartum exposure, and neonatal invasion may 
interact. Defining the relative contribution of these 
pathways remains an important research priority 
because a clearer understanding of when fetal exposure 
occurs could identify opportunities for prevention that 
are not addressed by intrapartum prophylaxis alone. 
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