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Group B Streptococcal Disease Worldwide for Pregnant 
Women, Stillbirths, and Children: Why, What, and How to 
Undertake Estimates?
Joy E. Lawn,1 Fiorella Bianchi-Jassir,1 Neal J. Russell,1,2 Maya Kohli-Lynch,1,3 Cally J. Tann,1,4 Jennifer Hall,5 Lola Madrid,1,6 Carol J. Baker,7  
Linda Bartlett8, Clare Cutland,9 Michael G. Gravett,10,11 Paul T. Heath,12 Margaret Ip,13 Kirsty Le Doare,12,14 Shabir A. Madhi,9,15 Craig E. Rubens,10,16  
Samir K. Saha,17 Stephanie Schrag,18 Ajoke Sobanjo-ter Meulen,19 Johan Vekemans,20 and Anna C. Seale1,21

1Maternal, Adolescent, Reproductive and Child Health Centre, London School of Hygiene & Tropical Medicine, United Kingdom; 2King’s College London, United Kingdom; 3Centre for Child and 
Adolescent Health, School of Social and Community Medicine, University of Bristol, United Kingdom; 4Neonatal Medicine, University College London Hospitals NHS Foundation Trust, United Kingdom; 
5Department of Reproductive Health Research, University College London Institute for Women’s Health, United Kingdom; 6ISGlobal, Barcelona Centre for International Health Research, Hospital 
Clinic–University of Barcelona, Spain; 7Departments of Pediatrics and Molecular Virology and Microbiology, Baylor College of Medicine, Houston, Texas; 8Department of International Health, Johns 
Hopkins Bloomberg School of Public Health, Baltimore, Maryland; 9Medical Research Council: Respiratory and Meningeal Pathogens Research Unit, and Department of Science and Technology/
National Research Foundation: Vaccine Preventable Diseases, University of the Witwatersrand, Faculty of Health Sciences, Johannesburg, South Africa; 10Global Alliance to Prevent Prematurity and 
Stillbirth 11Department of Obstetrics and Gynecology, University of Washington, Seattle; 12Vaccine Institute, Institute for Infection and Immunity, St George’s Hospital, University of London and St 
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Improving maternal, newborn, and child health is central to Sustainable Development Goal targets for 2030, requiring accel-
eration especially to prevent 5.6 million deaths around the time of birth. Infections contribute to this burden, but etiological 
data are limited. Group B Streptococcus (GBS) is an important perinatal pathogen, although previously focus has been primarily 
on liveborn children, especially early-onset disease. In this first of an 11-article supplement, we discuss the following: (1) Why 
estimate the worldwide burden of GBS disease? (2) What outcomes of GBS in pregnancy should be included? (3) What data and 
epidemiological parameters are required? (4) What methods and models can be used to transparently estimate this burden of 
GBS? (5) What are the challenges with available data? and (6) How can estimates address data gaps to better inform GBS interven-
tions including maternal immunization? We review all available GBS data worldwide, including maternal GBS colonization, risk 
of neonatal disease (with/without intrapartum antibiotic prophylaxis), maternal GBS disease, neonatal/infant GBS disease, and 
subsequent impairment, plus GBS-associated stillbirth, preterm birth, and neonatal encephalopathy. We summarize our methods 
for searches, meta-analyses, and modeling including a compartmental model. Our approach is consistent with the World Health 
Organization (WHO) Guidelines for Accurate and Transparent Health Estimates Reporting (GATHER), published in The Lancet 
and the Public Library of Science (PLoS). We aim to address priority epidemiological gaps highlighted by WHO to inform poten-
tial maternal vaccination.

Keywords. group B Streptococcus; global burden; stillbirth; neonatal; maternal.
 

Despite remarkable progress for child survival during the 
Millennium Development Goal (MDG) era to 2015 [1], halv-
ing deaths for children aged <5  years, still an estimated 5.9 
million children die per year. Almost half (45%) of these 
deaths are in the first month of life (neonatal period), where 
investment and progress has been much slower [2, 3]. In addi-
tion to the 2.7 million neonatal deaths, an estimated 2.6 mil-
lion third-trimester stillbirths occur each year, but are often 

left out of impact and cost-effectiveness analyses [4]. More 
innovation and investment are required to reduce these 5.3 
million deaths, plus 0.3 million maternal deaths, which also 
occur around the time of birth.

The Sustainable Development Goals (SDGs) aim to end pre-
ventable maternal and child deaths by 2030 [5], and include the 
first ever target for newborns, aiming that every country should 
have ≤12 neonatal deaths per 1000 livebirths by 2030 (Table 1) 
[2, 6]. Because these targets are national, the countries with 
the highest mortality risk now, which are mostly in Africa, will 
have to make major shifts in their rates of mortality reduction. 
For example, 49 countries need to at least double their cur-
rent average annual reduction for neonatal mortality rates to 
meet 2030 targets [7]. Investments should be prioritized based 
on the best epidemiological data, including more detailed eti-
ology of infectious causes, and prioritizing strategies that are 
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more likely to reach the poorest families where most of these 
deaths occur.

Worldwide from 2000 to 2015, 9 of the 10 most rapidly 
reducing causes of child death were infections [8]. The fastest 
progress has been made for AIDS deaths in children, reducing 
at 6.7% per year and now down to 103 000 deaths. Crucial to 
this rapid progress were disease burden estimates for all coun-
tries, and targeted interventions with drugs or vaccines, with 

coverage data to monitor progress. Data are critical for public 
health decision making, to prioritize investment in the larg-
est-burden conditions affecting the poorest populations. Yet 
while the poorest and most vulnerable populations have the 
highest risk of most diseases, they also have the least data—the 
“inverse data law.” This particularly applies to the estimated 
600 000 child deaths due to neonatal infections, which is more 
than that for malaria and AIDS combined (Figure 1). Yet data 

Table 1. Progress for Ending Preventable Deaths for Women, Neonates, Children, and Stillbirths

Maternal Deaths Stillbirths Neonatal Deaths
Child Deaths (0–59 mo, Including 

Neonatal)

Global numbers of deaths during the Millennium Development Goal era (1990–2015) [1]
1990 0.53 million Not available 5.1 million 12.7 million
2000 0.44 million 3.2 million 3.9 million 9.8 million
2015 0.33 million 2.6 million 2.7 million 5.9 million
Targets for the Sustainable Development Goal era from 2016 to 2030 [5]
Target Every country should reduce its maternal 

mortality ratio by at least two-thirds 
from the 2010 baseline, and no country 
should have a rate >140 deaths per 
100 000 live births (twice the global 
target). The global averagea target of 
maternal mortality ratio should be <70 
maternal deaths per 100 000 live births

Every country should have 
a stillbirth rate of ≤12 
per 1000 total births. 
This would result in an 
average global neonatal 
mortality rate of 9 per 
1000 total births.

Every country should have 
a national neonatal mor-
tality rate of ≤12 per 1000 
live births. This would 
result in an average global 
neonatal mortality rate of 
9 per 1000 live births.

Every country should have a 
national under-5 mortality rate 
of ≤25 per 1000 live births. 
This would result in an average 
global under-5 mortality rate of 
17.2 per 1000 live births.

Action plan or strategy 
linked to Sustainable 
Development Goals

Ending preventable maternal mortality
Global Strategy for Women’s, Children’s 

and Adolescents’ Health [61]

Every Newborn Action Plan
Global Strategy for Women’s, Children’s and Adolescents’ 

Health [62]

A Promise Renewed
Global Strategy for Women’s, 

Children’s and Adolescents’ 
Health [63]

Number of deaths in 
2030 if target is meta

Not estimated 1.1 million 0.8 million 2.4 million

Number of countries to 
at least double rate of 
progress

Not estimated 56 49 19

aAssuming same average annual rate of mortality reduction (2000–2015), while taking account of predicted national demographic change.

Sources: World Health Organization (WHO), United Nations Children’s Fund (UNICEF), United Nations Population Fund, World Bank Group, United Nations Population Division. Trends in 
maternal mortality: 1990 to 2015.

Lawn JE, et al [2].

Lawn JE, et al [7].

WHO, UNICEF [62].

United Nations Interagency Group for Child Mortality Estimation. Levels and Trends in Child Mortality 2015.

Figure 1. Causes of deaths for neonates and children aged <5 years in 2015. Source: Liu et al [64].
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are lacking regarding the etiology of these deaths. The current 
global intervention strategy is to use sensitive but nonspecific 
algorithms to identify possible serious bacterial infection and 
then to treat all these neonates and infants with antibiotics 
[9, 10]. With improved diagnostics, targeted treatment could 
be delivered to support care, and reduce use of broad-spec-
trum antibiotics that select for antimicrobial resistance. With 
improved etiological data, targeted interventions, such as pre-
vention by immunization, may also be possible.

Group B Streptococcus (GBS), or Streptococcus agalactiae, is a 
β-hemolytic gram-positive coccus. It can be part of the normal 
human and animal microflora, and was first identified as a path-
ogen in animals, causing bovine mastitis, in 1887 [11]. GBS was 
subsequently identified as a human pathogen causing puerperal 
sepsis in London, United Kingdom, in 1938 [12]. Later, GBS 
emerged as an important cause of neonatal septicemia and men-
ingitis in the United States, with cases increasing from the 1960s 
[13, 14], followed by increases in other high-income contexts, 
such as the United Kingdom, by the 1980s [15]. The reasons for 
the emergence of GBS are unclear; theories have included the 
mechanization of dairy farming increasing the spread of GBS 
[16], a species jump from bovines [17], and/or the spread of a 
virulent GBS clone [18, 19], possibly related to the development 
of tetracycline resistance, with its widespread use [20].

In this article, the first of 11 covering the most comprehen-
sive assessment to date of data regarding disease burden of GBS, 
we address 6 questions that guide the methodological approach 
taken throughout the supplement (Table 2).

QUESTION 1. WHY ESTIMATE THE WORLDWIDE 
BURDEN OF GROUP B STREPTOCOCCUS DISEASE?

In high-income contexts, where there is good capture of cases 
and routine laboratory surveillance, S. agalactiae or GBS is now 
well-recognized as one of the leading cause of infant deaths, 
particularly in the early neonatal period (first week). Strategies 
of intrapartum antibiotic prophylaxis have been applied to 
address this burden, notably early-onset disease. GBS is also a 
candidate for maternal vaccine development.

However, there remains uncertainty regarding the geo-
graphic distribution of GBS and the reasons why large etiology 
studies in low- and middle-income contexts in the 1990s [21, 

22] and more recently [23] have not identified GBS, whereas 
facility studies from some of the same countries, notably in 
South Africa, Kenya, and The Gambia, reported much higher 
incidence [24–26]. There are particular uncertainties in South 
Asia, where reported differences may be real, or at least partly 
explained by differences in case ascertainment. Gram-negative 
infections dominate in both facility-based [27] and communi-
ty-based [28, 29] studies. Especially in some South Asian set-
tings where most births are at home, and given the high case 
fatality with GBS, deaths may occur before reaching a facility or 
before community workers come to the home [25]. In addition, 
the use of peripartum antibiotics over the counter (which is also 
very high in South Asia) could reduce detection and/or GBS 
disease. Hence, regional differences may be due to challenges 
in case ascertainment, or they may be true epidemiological and 
microbiological variation linked to the emergence of GBS dis-
ease or regional differences in virulence—for example, higher 
prevalence of the most virulent clone, usually associated with 
serotype III [30].

Estimating the burden of disease informs global public health 
policy, exemplified by the annual global burden of disease esti-
mates for 310 diseases and injuries [31]. Systematic and trans-
parent estimates of the worldwide burden of GBS disease are 
required to guide investment in interventions, and specifically 
to be able to assess the potential value of candidate GBS mater-
nal vaccines.

Therefore, we have made extensive attempts to access all data 
available from as many countries as possible—published and 
also unpublished—in collaboration with investigators world-
wide. We report input data and results for the United Nations 
subregions shown in Figure 2.

QUESTION 2. WHAT OUTCOMES OF GROUP B 
STREPTOCOCCUS MATERNAL COLONIZATION 
SHOULD BE CONSIDERED IN ESTIMATES?

For the half-century history of GBS, most focus has been on 
infant invasive disease, particularly early-onset disease in the 
early neonatal period (first week); including how to identify, 
treat, and then how to prevent, primarily with intrapartum 
antibiotic prophylaxis. While early-onset disease is an impor-
tant consequence of maternal GBS colonization, a focus only 
on neonatal and infant disease has missed other important out-
comes and contributors to the burden of GBS disease (Figure 3).

Learning from other global health conditions, the woman 
should be included in her own right as well as to improve out-
comes for her child [32]. Although puerperal sepsis was the 
first clinical syndrome in which GBS was identified as a human 
pathogen, there have been limited reviews focused on maternal 
GBS disease.

GBS-associated stillbirths are also rarely considered. 
Stillbirths are often not included in global monitoring data sys-
tems [7] due to the stigma, which is seen even in high-income 

Table 2. Group B Streptococcus Estimates and Questions to Be Addressed 
to Inform the Methodological Approach Applied

1. Why estimate the worldwide burden of group B Streptococcus (GBS) 
disease?

2. What outcomes of GBS should be considered in estimates?
3. What data and epidemiological parameters are therefore required?
4. What methods and models can be used to transparently estimate this 

burden of GBS?
5. What are the challenges with the available data?
6. How can estimates address data gaps to better inform GBS interventions 

including maternal immunization?
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contexts, and fatalism regarding prevention [33]. It was not 
until 2017 that the World Health Organization (WHO) offi-
cially asked countries for stillbirth data, alongside other mor-
tality data reporting. Not counting stillbirths is misleading in 
terms of the total burden of GBS disease, and from a family and 
society perspective. The death of an infant in the last weeks of 

pregnancy, or after birth, is a catastrophic event [34]. GBS is a 
cause of stillbirth and, although data are limited, recent studies 
from Kenya and South Africa are available [25, 35].

The classic invasive GBS disease syndromes of sepsis and 
meningitis may overlap with other leading causes of neonatal 
death, such as neonatal encephalopathy. Globally hypoxic insult 

Figure 3. Disease schema for outcomes of perinatal group B Streptococcus. Abbreviations: GBS, group B Streptococcus; NE, neonatal encephalopathy.

Figure 2. Map of United Nations subregions that will be used for reporting input data and results. Borders of countries/territories in map do not imply any political 
statement.
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is the most common cause of neonatal encephalopathy [36], but 
infection exposure likely increases the risk of hypoxic damage. 
To date, very few studies have examined the proportion of cases 
of neonatal encephalopathy that are culture positive, including 
for GBS.

In addition, while preterm birth is a known risk factor for 
invasive GBS disease, several studies have suggested that mater-
nal GBS colonization may increase the risk of preterm birth. 
However, published data are somewhat contradictory and 
may inappropriately combine different study designs [37]. The 
WHO and others have highlighted this as a priority for more 
analysis [38], especially now that preterm birth is the leading 
cause of under-5 deaths (Figure 1).

Nonfatal outcomes, particularly impairment and associated 
disability, have consequences for families and societies. The 
Global Burden of Disease study underlines that as mortality 
reduces, the risk of disability among survivors may actually 
form a greater burden than the deaths, and impairment is an 
important consequence of neonatal infection [39]. As GBS is 
a leading contributor to neonatal infection, its contribution to 
this should also be assessed.

Therefore, in this exercise we aim to consider all the relevant 
outcomes from GBS colonization in pregnant women [40], 
maternal GBS disease [41], stillbirths [42], and preterm births 
[43] associated with GBS, neonatal and infant GBS disease [44], 
GBS-associated neonatal encephalopathy [45], and impairment 
after neonatal/infant GBS disease [46]. These outcomes are 
shown in a disease schema (Figure 3) indicating the main path-
way of mother-to-child transmission, and some of the potential 
overlaps, for example, between preterm birth and GBS disease 
in neonates.

The case definitions for the main outcomes of interest are in 
Figure 3; for each we sought a definition including GBS isola-
tion from a sterile site, knowing that this is conservative and 
may undercount cases, as discussed below.

QUESTION 3. WHAT INPUT DATA AND 
EPIDEMIOLOGICAL PARAMETERS ARE THEREFORE 
REQUIRED?

The most important principle is to maximize the available data, 
applying explicit inclusion and exclusion criteria. The lack of 
systematic surveillance data, especially for the highest-burden 
countries, means that modeling is inevitable for worldwide esti-
mates. Given the complexity of methods and variable reporting 
approaches, there has been an erosion of public trust in esti-
mates [47]. Hence, to promote transparency, WHO with the 
Institute of Health Metrics and Evaluation, Seattle, and some 
independent experts including some authors on this series, have 
published the Guidelines for Accurate and Transparent Health 
Estimates Reporting (GATHER), as a standard for reviewing 
data inputs, biases, and reporting methods [48]. The articles 
in this supplement follow the GATHER checklist through the 

process from data assessment to final publication, including 
open access data and code (Table 3).

To maximize data inputs, we review all published literature on 
GBS worldwide, applying prespecified criteria and case defini-
tions (Figure 3). Databases searched include Medline, Embase, 
the WHO library database (WHOLIS), Scopus, and Literature 
in the Health Sciences in Latin America and the Caribbean 
(LILACS). For each paper, the particular search for GBS disease 
outcome is given according to international guidelines [49]. In all 
papers we used Medical Subject Heading (MeSH) terms related 
to GBS: Streptococcus OR Streptococcal OR Streptococci AND 
(Group AND B) or agalactiae; Streptococcus agalactiae. When 
needed, secondary analyses were requested from authors. In 
addition, searches of trial and study registries were undertaken 
and investigators were approached. Data were abstracted by at 
least 2 people and assessed for biases as described in each of 
the relevant papers. Biases that apply to GBS data generally are 
discussed below and, where specific to a given parameter, are 
covered in the relevant paper. Meta-analyses were undertaken 
using random-effects modeling to estimate pooled measures of 
effect using the DerSimonian and Laird method [50].

QUESTION 4. WHAT MODELS CAN BE USED TO 
TRANSPARENTLY ESTIMATE THIS BURDEN OF 
GROUP B STREPTOCOCCUS?

Modeling complexity increased during the MDG era, exempli-
fied by the Global Burden of Disease project, where the num-
ber of outcomes, the modeling complexity, and the time load 
increased markedly [37]. Here we will not attempt to summa-
rize the plethora of statistical modeling methodologies, but 
briefly summarize some methodological options for estimating 
the worldwide burden of GBS disease.

For GBS, as with most infections, there is not just one param-
eter but multiple outcomes even in one individual, and the aim is 
to predict this mix of outcomes at the population level. The most 
well-known approaches for infectious disease modeling focus on 
epidemic conditions [51], where transmission rates are high, and 
are based on a dynamic infection compartmental model. The sim-
plest of these is a 3-compartment SIR model as follows: S = num-
ber susceptible, I = number infectious, and R = number recovered 
(immune). For epidemiological exposures around the time of 
birth, which are either noninfections (eg, hypoxia) or where the 
infection is mainly passed from mother to child (including GBS), 
then the main factors affecting cases are the risk at birth and demo-
graphic factors affecting births. In this case, a stable compartment 
model is appropriate and has been used for other estimates of per-
inatal outcomes [52] and operates in 4 steps as follows:

Step 1. Exposure

For a given condition, what is the exposure prevalence at the 
population level (eg, an infection among pregnant women, or a 
blood group type such as rhesus negative)?
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Step 2. Cases

For exposed pregnant women, risk data are required to predict 
adverse birth outcomes such as stillbirths or preterm births. If 
these risks vary in different geographies or with other comorbid-
ities (eg, human immunodeficiency virus [HIV]), then popula-
tion-specific data would also be required as to how much these 
conditions prevail in the population and how they affect the risk.

Step 3. Deaths

The number of deaths can be estimated from the number of 
cases, given adequate case fatality risk data, and the number of 
maternal deaths from the maternal cases, or neonatal deaths 
from the neonatal cases.

Step 4. Impaired Survivors

A final step can then predict the risk of neurodevelopmental 
impairment among survivors.

In the case of GBS, a stable compartmental approach is the best 
method to achieve the estimates of deaths and disability. This 
can be developed either sequentially or by applying Bayesian 

modeling, such as used in the Global Burden of Disease study 
[53]. A multiple regression model could be an option to esti-
mate the prevalence of maternal GBS colonization by country, 
predicting the national prevalence based on national covariates, 
as an alternative to using reported data by country, or subregion 
[40]. We explore and report this option, which depends on suc-
cessful model fitting [54].

A compartmental modeling approach to estimate the world-
wide burden of GBS would require the following parameters for 
the 4 steps:

Step 1. Exposed: Maternal Colonization With Group B Streptococcus

For the first step of the compartmental model, we begin with 
estimates of live births in 195 countries, and apply maternal 
GBS colonization prevalence for each country or, if not availa-
ble, then meta-analysis for the relevant region.

Step 2. Cases of Group B Streptococcus

For the exposed population of pregnant women in each coun-
try, risk data would be required to predict the number of 

Table 3. Guidelines for Accurate and Transparent Health Estimates Reporting (GATHER)

Item # Checklist Item Reported in Paper No.

Objectives and funding
1 Define the indicator(s), populations (including age, sex, and geographic entities), and time period(s) for which estimates 

were made.
 All papers

2 List the funding sources for the work.  All papers
Data inputs
 For all data inputs from multiple sources that are synthesized as part of the study:
3 Describe how the data were identified and how the data were accessed.  All papers
4 Specify the inclusion and exclusion criteria. Identify all ad hoc exclusions.  All papers
5 Provide information on all included data sources and their main characteristics. For each data source used, report reference 

information or contact name/institution, population represented, data collection method, year(s) of data collection, sex 
and age range, diagnostic criteria or measurement method, and sample size, as relevant.

 All papers

6 Identify and describe any categories of input data that have potentially important biases (eg, based on characteristics listed 
in item 5).

 All papers

7 Describe and give sources for any other data inputs.  All papers
8 Provide all data inputs in a file format from which data can be efficiently extracted (eg, a spreadsheet rather than a PDF), 

including all relevant metadata listed in item 5. For any data inputs that cannot be shared because of ethical or legal rea-
sons, such as third-party ownership, provide a contact name or the name of the institution that retains the right to the data.

 All papers

Data analysis
9 Provide a conceptual overview of the data analysis method. A diagram may be helpful.  All papers
10 Provide a detailed description of all steps of the analysis, including mathematical formulae. This description should cover, 

as relevant, data cleaning, data preprocessing, data adjustments and weighting of data sources, and mathematical or 
statistical model(s).

 All papers

11 Describe how candidate models were evaluated and how the final model(s) were selected. [1, 2, 11]
12 Provide the results of an evaluation of model performance, if done, as well as the results of any relevant sensitivity analysis. [2, 11]
13 Describe methods for calculating uncertainty of the estimates. State which sources of uncertainty were, and were not, 

accounted for in the uncertainty analysis.
[1, 11]

14 State how analytic or statistical source code used to generate estimates can be accessed. [2, 11]
Results and discussion
15 Provide published estimates in a file format from which data can be efficiently extracted. [11]
16 Report a quantitative measure of the uncertainty of the estimates (eg, uncertainty intervals). [11]
17 Interpret results in light of existing evidence. If updating a previous set of estimates, describe the reasons for changes in 

estimates.
[1, 11]

18 Discuss limitations of the estimates. Include a discussion of any modeling assumptions or data limitations that affect inter-
pretation of the estimates.

[1, 11]

Source: [48].
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cases of GBS associated with GBS maternal colonization for 
each of the following outcomes: neonatal/infant invasive GBS 
disease, neonatal encephalopathy with GBS invasive disease, 
maternal sepsis, stillbirth, and preterm birth. To adjust these 
risks, we would also require population-specific data on var-
iables affecting risk such as policy/coverage for intrapartum 
antibiotic prophylaxis, and how much the risk is reduced (or 
increased).

However, for some of these desired risk parameters, the 
compartmental model approach is not feasible. For example, 
research reporting eliminate stillbirths is more recent [7] and 
GBS associated stillbirths is usually reported as a proportion of 
stillbirths with GBS in a sterile site, rather than risk given mater-
nal GBS colonization [42]. Similarly, incidence and risk data are 
rarely available for maternal disease, or neonatal encephalopa-
thy [45] or preterm birth rate [43]. Hence, as detailed in papers 
3, 4, and 5, the parameters sought were the incidence of GBS in 
a sterile site (Figure 3). To estimate the cases, this incidence is 
applied at a country level to the relevant denominator, which 
is national births in 2015 (for maternal GBS disease and GBS-
associated neonatal encephalopathy) or to the specific denomi-
nator (ie, stillbirths or preterm births by country in 2015).

Step 3. Deaths

Based on adequate data for case fatality rates, the number of 
neonatal/infant deaths can be estimated from the neonatal/
infant cases, and the number of maternal deaths from the 
maternal cases. Challenges with accurate, population-based 

case fatality risk data are an important limitation in most com-
partmental models, whether stable or dynamic.

Step 4. Impaired Survivors

Finally, the risk of neurodevelopmental impairment is applied 
to the number of GBS survivors per country, to estimate the 
number of children with disability. This step requires data on 
risk of impairment after GBS disease in neonates/infants, which 
is best derived from cohort studies.

Based on the outcomes to estimate and the parameters 
required (Figure 3), the following 9 articles in this series will 
describe the case definitions and data available (Figure 4). The 
final article will provide details of the estimation methods. 
Uncertainty estimates are made, which is highlighted as an 
imperative in the GATHER statement [48].

As stated by Lord George Box, “All models are wrong, but 
some are useful” [55]. Based on this principle, we will undertake 
sensitivity analyses in each article regarding the key parameters 
being used for estimation, and we will also triangulate results 
where possible, for example, comparing the number of cases 
worldwide and by region and country for neonatal invasive 
disease as found in published literature compared to predicted, 
using the compartmental model outputs.

QUESTION 5. WHAT ARE THE CHALLENGES WITH 
THE AVAILABLE DATA?

Modeling cannot overcome lack of data or very biased data. 
With respect to these data gaps and data biases, transparency is 

Figure 4. Overview of the articles in this supplement to estimate the worldwide burden of group B Streptococcus. Abbreviations: EOGBS, early-onset group B Streptococcus; 
GBS, group B Streptococcus; LOGBS, late-onset group B Streptococcus; NE, neonatal encephalopathy; NDI, neurodevelopmental impairment.



S96 • CID 2017:65  (Suppl 2) • Lawn et al

Lawn et al

critical, and an important principle in GATHER is to recognize 
and describe biases [48].

In terms of GBS disease (whether in women or children), 
case ascertainment reduces at each stage of the care cascade 
[56], introducing measurement gaps and therefore biases that 
affect accuracy (Figure 5).

Cases That Seek Care

In settings where most births are at home, the majority of ear-
ly-onset cases may be missed. For example, in some parts of 
South Asia, in Ethiopia, and in northern Nigeria, 90% of births 
may be at home. Globally this may be the single greatest source 
of bias in the data, often differentially missing cases in the poor-
est settings. In our estimates, we will take into account for each 
country the proportion of births that are at home, since cases 
among home births are least likely to access care, and most 
likely to die uncounted.

Cases That Are Assessed

In settings where quality of care in hospitals is lacking for neo-
nates and sick young infants, cases may not be assessed, or 
infants may die before being effectively examined or managed. 
In South Africa, although >95% of births are in hospitals, the 
reported incidence for GBS early-onset disease based on pas-
sive surveillance from across all provinces varied from 0.00 
to 1.23/1000 live births, and 0.03 to 1.04/1000 live births for 
late-onset disease [57].

Cases That Have an Appropriate Microbiological Specimen Taken

Even where treatment is delivered, only a small proportion of 
hospital admissions may have investigations. An example is The 
Gambia, where 99% of neonates admitted with suspected infec-
tion did not have a blood culture and even fewer had a lumbar 
puncture [58]. Considering this bias, we will use risk data from 
settings with complete case ascertainment and appropriate 
investigation. The proportion of the world’s 2.6 million still-
births that have a microbiological specimen taken is tiny [7]. In 
our estimates, we use data from studies where most stillbirths 
identified were investigated for GBS, so within these datasets 
the internal bias is lower.

Specimens That Are Appropriately Processed in the Laboratory

In many low-resource contexts, laboratories are only open a 
few hours a day or have limited skilled staff or microbiologi-
cal culture facilities, notably for blood culture. Detection by 
culture is also affected by previous antibiotic treatment, par-
ticularly where there is widespread use of “over the counter” 
antibiotics.

At each point along this cascade, the reduction in case 
ascertainment decreases the observed incidence of GBS dis-
ease, and introduces more bias, and those biases are greatest 
in low-resource settings. Therefore, in this exercise we aim to 
do all that is possible to minimize these biases, or, where this 
is not possible, describe and analyze the direction of bias, as 
follows:

Figure 5. Data cascade for GBS disease showing the gap for care and measurement and the biases at added at each step. Adapted from Fitchett et al [59] and applied to 
the framework of the human immunodeficiency virus identification and treatment cascade. Abbreviation: GBS, group B Streptococcus.



Estimating GBS Disease Worldwide

Estimating GBS Disease Worldwide • CID 2017:65  (Suppl 2) • S97

• Increase the input data from as many countries as possible, 
aiming to use national-level data if adequate, otherwise pool-
ing by relevant subregion (Figure 2).

• Collate details for each study/dataset regarding context of 
care seeking, case definitions, and laboratory methods, to 
allow assessment of case ascertainment and bias.

• Adjust where biases are predictable (eg, low sensitivity of 
laboratory detection due to method used) and report both 
adjusted and unadjusted data.

• Apply sensitivity analyses to examine the effect of different 
biases in the data, including varying case definitions.

• Compare estimates from the model with those reported from 
countries with complete or very high case ascertainment.

This examination of the available data also provides insights on 
how to improve research and routine data collection regarding 
GBS. Standardized reporting is critical, as described for neona-
tal infections in the Strengthening Reporting of Observational 
Studies in Epidemiology–Neonatal Infections (STROBE-NI) 
checklist [59] and case definitions, with the Brighton 
Collaborative regarding maternal immunization being espe-
cially relevant [60].

QUESTION 6. HOW CAN ESTIMATES ADDRESS 
DATA GAPS TO BETTER INFORM GROUP B 
STREPTOCOCCUS INTERVENTIONS INCLUDING 
MATERNAL IMMUNIZATION?

The potential for maternal vaccines to use in high-, middle- and 
low-income contexts has been highlighted by WHO. The value 
proposition of new vaccines should be based on data. As part of 
a WHO-sponsored technical roadmap regarding GBS vaccine 
development to facilitate decision making by funders, vaccine 
researchers, and industry, improved disease burden and poten-
tial public health impact estimates have been highlighted as an 
important priority [38]. Based on WHO’s scoping, we have prior-
itized the following data gaps to address in this series of articles:

Geographic Data From as Many Countries as Possible

This scoping stated that “the most important gap identified was 
regarding availability and quality of data on disease burden, and 
notably the limited information so far from some of the world’s 
poorest regions” [38]. Therefore, in this exercise we have made 
extensive attempts to identify data from as many countries as 
possible, also involving investigator groups and calls for unpub-
lished data through regional and global networks. The details 
are provided in each article as relevant.

Total Burden With All Relevant Outcomes of Group B Streptococcus 
Disease for Pregnant Women, Stillbirths, and Children

The potential role of vaccines to impact stillbirth and prematu-
rity, and women, as well as to reduce long-term complications 
of invasive infections are major drivers of the estimated health 
and economical vaccine impact.

Serotype Data to Inform Possible Regional Risk Variation and 
Vaccine Design

There were no published systematic assessments of GBS sero-
types worldwide. Differences in geographical distribution of 
specific bacterial serotypes and strains need to be determined 
to guide optimal selection of vaccine targets, and this may 
also help to explain reported regional variation in GBS inva-
sive disease. A  future vaccine will need to overcome bacterial 
diversity of capsular polysaccharide serotype or target protein 
polymorphism. The characterization of virulence factors and 
frequency of capsular switching are important considerations. 
Therefore, we have systematically searched for serotypes in the 
GBS data identified regarding maternal colonization, maternal 
GBS infection, and neonatal/infant disease.

Other important data gaps highlighted by WHO are not cov-
ered in this supplement, notably cost-effectiveness analyses. 
In addition, epidemiological outcomes are not translated into 
Disability Adjusted Life Years (DALYS). These secondary anal-
yses will be part of later work by WHO and partners on the 
investments required and other benefits from a maternal GBS 
vaccine, such as the reduction in maternal antibiotic exposure. 
The effect on the child’s microbiome is increasingly recognized 
as important. The final article in the series considers what 
would be required for a comprehensive investment case regard-
ing GBS, and current vaccine candidates.

CONCLUSIONS

The lack of etiological data for infections occurring in pregnant 
women, stillbirths, and infants, in the regions where most births 
occur, makes the worldwide burden of GBS one of the great 
“black holes” for public health data worldwide. Other pathogens 
are also important, including the old foes such as syphilis and 
gaps for newer foes like HIV/AIDS where stillbirth data have 
also been neglected. However, among perinatal pathogens, GBS 
presents specific opportunities, with interventions and poten-
tially high-impact innovation, through maternal vaccination. 
The following 9 papers outline the most comprehensive data 
yet, including all relevant outcomes, comprehensive data on 
serotypes, and extensive attempts to highlight gaps and biases 
to also inform data improvement. If indeed a significant pro-
portion of the burden occurs before birth, in terms of stillbirths, 
preterm birth, neonatal encephalopathy, and maternal disease, 
then this evidence should shift the focus from strategies around 
the time of birth, such as intrapartum antibiotic prophylaxis , 
to more upstream prevention such as maternal immunization.
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Background. Maternal rectovaginal colonization with group B Streptococcus (GBS) is the most common pathway for GBS dis-
ease in mother, fetus, and newborn. This article, the second in a series estimating the burden of GBS, aims to determine the preva-
lence and serotype distribution of GBS colonizing pregnant women worldwide.

Methods. We conducted systematic literature reviews (PubMed/Medline, Embase, Latin American and Caribbean Health 
Sciences Literature [LILACS], World Health Organization Library Information System [WHOLIS], and Scopus), organized Chinese 
language searches, and sought unpublished data from investigator groups. We applied broad inclusion criteria to maximize data 
inputs, particularly from low- and middle-income contexts, and then applied new meta-analyses to adjust for studies with less-sen-
sitive sampling and laboratory techniques. We undertook meta-analyses to derive pooled estimates of maternal GBS colonization 
prevalence at national and regional levels.

Results. The dataset regarding colonization included 390 articles, 85 countries, and a total of 299 924 pregnant women. Our 
adjusted estimate for maternal GBS colonization worldwide was 18% (95% confidence interval [CI], 17%–19%), with regional vari-
ation (11%–35%), and lower prevalence in Southern Asia (12.5% [95% CI, 10%–15%]) and Eastern Asia (11% [95% CI, 10%–12%]). 
Bacterial serotypes I–V account for 98% of identified colonizing GBS isolates worldwide. Serotype III, associated with invasive dis-
ease, accounts for 25% (95% CI, 23%–28%), but is less frequent in some South American and Asian countries. Serotypes VI–IX are 
more common in Asia.

Conclusions. GBS colonizes pregnant women worldwide, but prevalence and serotype distribution vary, even after adjusting 
for laboratory methods. Lower GBS maternal colonization prevalence, with less serotype III, may help to explain lower GBS disease 
incidence in regions such as Asia. High prevalence worldwide, and more serotype data, are relevant to prevention efforts.

Keywords. group B Streptococcus; colonization; vaginal; pregnancy; serotypes.
 

Group B Streptococcus (GBS; Streptococcus agalactiae) via 
maternal rectovaginal colonization, causes a spectrum of dis-
ease including maternal infection, stillbirth, and early- and 
late-onset sepsis in newborns, and may contribute to preterm 
delivery and hypoxic ischemic encephalopathy [1]. Thus, 

ascertaining the worldwide prevalence and serotype distri-
bution of GBS colonizing the rectovaginal tracts of pregnant 
women is critical [2–4].

There may be true differences in GBS maternal colonization 
prevalence, with variation reported by region [5], ethnicity, and 
socioeconomic status [6]. However, some of this variation may 
be due to methodological issues, such as time of GBS screening 
(during pregnancy or at delivery [7]), sampling site (in particu-
lar, whether rectal samples were performed [8–11]), and labo-
ratory culture techniques, notably use of selective enrichment 
broth [12]. There is no established international standard for 
sampling for maternal GBS colonization; however, the recom-
mendation by the Centers for Disease Control and Prevention 
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(CDC) [13] of rectovaginal swabs at 35–37 weeks’ gestation 
with selective enrichment broth is frequently referred to, but 
not always applied especially in low- and middle-income set-
tings. Reviews that do not take into account these sources of 
variation may be misleading, especially if the methods differ in 
certain regions, and may underestimate prevalence when meth-
ods are less sensitive, but may exclude large geographical areas 
if strict criteria are followed.

A recent review, based on studies using the recommended 
methods described above, estimated maternal GBS prevalence 
as 17.9% (95% confidence interval [CI], 16.2%–19.7%) world-
wide, ranging from 11.1% (95% CI, 6.8%–15.3%) in Southeast 
Asia to 22.4% in Africa (95% CI, 18.1%–26.7%) [5]. This review 
included 78 studies from 37 countries, with major gaps in some 
regions, notably Africa and Asia. By employing broader inclu-
sion criteria, we aimed to capture the largest possible geograph-
ical spread of data on prevalence of maternal GBS colonization, 
while also collecting variables related to specimen collection 
and processing to adjust for studies where less sensitive meth-
ods were used.

In addition to the prevalence of GBS colonization in preg-
nant women, serotype distribution, which has not previously 
been systematically reviewed, is also important, both in terms 

of associations with invasive disease and thus potential vaccine 
relevance. There are currently 10 GBS serotypes (Ia, Ib, II, III, 
IV, V, VI, VII, VIII, IX) identified, based on the immunologic 
reactivity of the GBS capsular polysaccharides [14]. Some sero-
types are associated with more virulent clones and thus a pro-
pensity to invasive GBS disease [2]. This particularly applies to 
serotype III, which is frequently associated with the hypervir-
ulent clonal complex (CC) 17, a common cause of late-onset 
GBS disease [15–21] and, in particular, of meningitis [22]. Two 
of the 3 maternal vaccines in development are serotype-spe-
cific [23, 24] and their coverage will depend on the circulating 
serotypes.

This paper is the second in an 11-article supplement estimat-
ing the burden of group B streptococcal disease in pregnant 
women, stillbirths, and infants, which is important in terms of 
public health policy, notably to inform vaccine development [1]. 
The supplement includes systematic reviews and meta-analyses 
on adverse outcomes associated with GBS around birth [25–
32] to provide input parameters for worldwide estimates [23]. 
Figure 1 shows the disease schema for GBS, and the important 
first step of maternal colonization, which is the focus of this 
article.

The objectives of this study were to:

Figure 1. Maternal group B Streptococcus (GBS) colonization in GBS disease schema, as described by Lawn et al [1]. Abbreviations: GBS, group B Streptococcus; NE, 
neonatal encephalopathy.
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1. Undertake comprehensive and systematic literature reviews 
and meta-analyses of
a. maternal GBS colonization prevalence for countries, 

regions, and worldwide; and
b. serotype distribution of GBS in maternal colonization.

2. Assess the inclusion criteria for data estimating the burden 
of GBS in pregnancy for women, stillbirth, and infants, with 
and without additional adjustment for these criteria;

3. Evaluate the data gaps and make recommendations for future 
research.

METHODS

This article is part of a study entitled “Systematic estimates 
of the burden of GBS worldwide in pregnant women, still-
births and infants.” The protocol was approved by the Clinical 
Research Ethics Committee (reference number 11966) at the 
London School of Hygiene & Tropical Medicine and approved 
on 30 November 2016.

Definitions

GBS colonization was defined as isolation by culture of GBS 
from either the vagina (high or low), rectum, or perianal region 
at any time during pregnancy.

Search Strategy and Selection Criteria

We identified data by systematic review of the published lit-
erature and through development of an investigator group of 
clinicians, researchers, and relevant professional institutions 
worldwide. The reviews and meta-analyses are reported accord-
ing to international guidelines [1, 33, 34].

Our search of published literature, dated up to 30 January 
2017, included Medline, Embase, Scopus, Literature in the 
Health Sciences in Latin America and the Caribbean (LILACS), 
and the World Health Organization Library Information System 
(WHOLIS) using search terms relating to mothers, pregnancy, 
and streptococci, with no language or date restrictions (see 
Supplementary Table 1 for full search terms). To ensure inclu-
sion of data in languages that may otherwise be missed in these 
databases, we also searched a Chinese database (http://www.
cnki.com.cn/index.htm), with a time restriction of 3  years, 
and a Russian database (Cyberleninka), with no date restric-
tions. Abstraction of data from articles in foreign languages was 
done with translators and only automated if translators were 
unavailable.

Finally, we searched reference lists of all relevant articles 
published after 2005, and other publications and reviews [5], 
focused on regions (Europe [35], Latin America [36], and 
low-income contexts [37]), as well maternal GBS serotypes [38].

We screened titles and abstracts according to specified inclu-
sion and exclusion criteria, followed by selection of full texts, 
and abstraction, as detailed below.

Inclusion and Exclusion Criteria

We included studies where the population and study design 
were described, reporting prevalence of group B streptococcal 
colonization in pregnant women, either during pregnancy (at 
any gestation) or in labor, as well as on the prevalence of the 
serotypes of colonizing isolates. Studies were included irrespec-
tive of sample type (taken from the vagina [high or low] and/or 
rectum and/or perianal region) and culture technique, as long 
as laboratory and sampling techniques were described (for sub-
sequent sensitivity and secondary analyses). Although no date 
restrictions were applied to the initial search, for United Nations 
(UN)–defined “developed regions” (which were expected to 
have adequate recent data), data on maternal GBS colonization 
prevalence and on colonizing serotypes were only included in 
the analysis if published after the year 2000, unless a particular 
developed country only had data before this period.

We excluded studies involving nonpregnant women, where 
results for pregnant women could not be separately extracted. 
If prevalence estimates were based on <200 women sampled 
from that country, these were not included in the final esti-
mation process. We also did not derive prevalence estimates 
from studies in developed regions that focused solely on com-
parison of laboratory methods. Studies reporting prevalence of 
GBS colonization using molecular methods only for detection 
(such as polymerase chain reaction) or GBS bacteriuria alone 
were also excluded, due to their lack of comparability with con-
ventional methods, limiting cross-country and regional com-
parison. Data on serotypes were included if they were clearly 
identified as colonizing pregnant women vaginally or rectally, 
and were not from invasive disease. Data were included where 
they described a cohort of women, or pooled laboratory sam-
ples, and studies were excluded if they included <10 bacterial 
isolates.

Data Abstraction and Analysis

Two researchers (N. R. and M. O.) abstracted data independently 
into standard Excel abstraction forms with information on sam-
pling and laboratory methodology and relevant study criteria. 
Differences in abstraction were resolved through discussion 
with a third researcher (A. S.). Abstracted data included selec-
tion of study participants, description of study setting and par-
ticipants, culture methods, swab site, and timing of swabs (at 
delivery or at specified gestational ages). These factors allowed 
an assessment of the potential for bias in each study.

Maternal Group B Streptococcus Colonization Prevalence: Meta-analyses 
of Reported Data

We undertook meta-analyses using random effects to estimate 
the prevalence of maternal GBS colonization worldwide and at 
national, UN subregion, and regional levels, and used the same 
approach to estimate the prevalence of maternal GBS serotypes 
from national to regional levels worldwide.
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Sensitivity Analyses to Inform Adjustment for Biases

Sensitivity analyses were performed to assess potential biases in 
the data and inform adjustments. We examined:

1. Sample site collection comparing vaginal (high and low) 
sampling, with rectal sampling and rectovaginal sampling.

2. Microbiological methods (specifically, whether selective 
enrichment was used).

3. Sample timing (before 35 weeks’ gestation, or at delivery).
4. Rural or urban setting.

We calculated adjustment factors for:

1. Sample site: where only the vagina had been sampled (com-
pared to rectovaginal).

2. Microbiological methods: for the addition of selective enrich-
ment, compared to nonselective agar alone, and to conven-
tional selective agars (blood agars with antibiotics, including 
Columbia colistin–nalidixic acid [CNA] and neomycin–
nalidixic acid [NNA]. (Adjustment was not applied for new 
[higher sensitivity] selective agars of equivalent sensitivity to 
selective enrichment.)

However, where both sample site and microbiological meth-
ods were insensitive (sampling sites of high vagina or cervix, 
or rectal swab alone, and studies with combinations of low vag-
inal swabs but no selective enrichment), or adjustment was not 
possible due to insufficient data, we excluded studies from final 
estimates of maternal GBS prevalence. Adjustment factors were 
not calculated for sample timing or rural or urban setting as 
studies have not shown a consistent relationship between these 
factors and colonization prevalence [39–52].

Maternal Group B Streptococcus Colonization Prevalence: Meta-analyses 
With Adjusted Data

We repeated the initial meta-analyses to estimate the prevalence 
of maternal GBS colonization and serotype distribution world-
wide and by region, subregion, and country level using studies 
including vaginorectal samples with selective enrichment or 
with selective agar of equivalent sensitivity, and, after adjust-
ment, vaginal-only samples with selective enrichment or selec-
tive agar and vaginorectal samples with conventional selective 
agar only.

Meta-analyses of Maternal Group B Streptococcus Colonizing Serotypes

Data on serotypes were extracted as reported, as numbers of 
each serotype identified, with a denominator of number of 
serotyped samples rather than number of women. Individual 
meta-analyses were performed on the prevalence of each 
serotype at national, UN subregional, and regional levels, and 
the outputs of these meta-analyses were transformed into 
percentages.

RESULTS

Study Selection

We identified 8134 articles, 791 of which were retained after 
title and abstract screening for review of full texts (Figure 2). An 
additional 11 articles were identified from the Chinese database 
and 10 from searching reference lists of the original set of arti-
cles. A further 8 unpublished datasets containing anonymized 
data on 8601 pregnant women were shared by investigators in 
South Africa, Mozambique, Guatemala, India, and Bangladesh 
(Supplementary Table 2). The characteristics of the published 
and unpublished studies are listed in the Supplementary 
Materials. The majority of studies were in English, although 
70 studies were in 17 other languages. The process of selection 
is detailed in Figure 2. The final analysis included 390 studies 
(including 412 data points), of which 317 reported maternal 
GBS colonization prevalence, and 119 reported data on mater-
nal colonizing serotypes (52 included serotype data alone). 
Forty studies were included in sensitivity analyses to assess 
sampling site and microbiological methods (21 of which did not 
otherwise contribute to colonization or serotype data).

Study Characteristics

This review included data on colonization prevalence from 
299 924 pregnant women, with serotype data on 16 882 mater-
nal samples (16 181 of which were typeable by either molecular 
or conventional methods). Of studies reporting colonization 
prevalence, 31 (10%) described inclusion of rural participants. 
Eighty-two (26%) described testing for GBS colonization 
at delivery, and 94 (30%) described including samples from 
women tested before 35 weeks’ gestation. Selective culture 
methods were used in 249 studies (79%), and 215 studies (68%) 
used rectal as well as vaginal swabs (Supplementary Table 3).

There were 88 studies on colonization prevalence from devel-
oped regions (28%), and 229 from low- or middle-income con-
texts, 45 (19%) of which were published before the year 2000. 
The geographical distribution of available prevalence data was 
uneven (Figure 3), with some subregions underrepresented. In 
particular, there were no data from Central Asia, and data were 
sparse for Andean Latin America, Oceania, North Africa, and 
western and central sub-Saharan Africa (Figure 3). Of note, sev-
eral countries with large populations, such as Russia, had sur-
prisingly few data. A full list of countries included by region and 
country is in Supplementary Table 4.

For maternal colonizing serotypes, the geographical dis-
tribution is summarized in Figure  4, and shown in detail in 
Supplementary Table 5 and Supplementary Figure 1. Developed 
countries had the largest number of studies, followed by sub-Sa-
haran Africa where a number of large studies have recently been 
published [53, 54]. Northern Africa had the fewest serotyped 
isolates (58) of all regions with data. No serotype data were 
available for central Asia, Melanesia, or the Caribbean. Seven 
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studies (3 of which were from Central America) did not differ-
entiate between serotype Ia and Ib, and therefore a combined 
serotype I prevalence is reported in Figure 4, with a breakdown 
into Ia and Ib shown in Supplementary Table 5.

Maternal Group B Streptococcus Colonization Prevalence: Meta-analyses 
of Reported Data

Including all studies regardless of sample site or microbiologi-
cal methods and without adjustment, the overall prevalence of 

maternal GBS colonization worldwide was 15% (95% confi-
dence interval [CI], 14%–16%) (Table 1). Prevalence was high-
est in the Caribbean (34% [95% CI, 29%–38%]) and lowest in 
Melanesia (2% [95% CI, 1%–4%]); however, this included data 
from only 1 study. Europe, North America, and Australia had 
similar prevalence (95% CI, 15%–21%), with a slightly higher 
prevalence in Southern Africa (25% [95% CI, 22%–29%]), and 
seemingly lower prevalence in Western Africa (14%), Central 

Figure  2. Data search and included studies for maternal group B Streptococcus colonization. Abbreviations: LILACS, Latin American and Caribbean Health Sciences 
Literature; WHOLIS, World Health Organization Library Information System.
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America (10% [95% CI, 7%–14%]), and South, South-Eastern, 
and Eastern Asia (95% CI, 9%–12%). A list of maternal GBS col-
onization prevalence by country is presented in Supplementary 
Table 6.

Sensitivity Analyses to Inform Adjustment for Biases

Sensitivity analyses were performed on:

1. Sample site collection: studies using CDC-recommended 
sampling with rectovaginal swabs and selective enrichment 
(or selective agar of equivalent sensitivity):

Including only studies using CDC-recommended methods, we 
found 188 studies with a maternal GBS colonization prevalence 
of 17% (95% CI, 16%–19%), higher than the initial analysis 

with all the included studies. The prevalence for subregions and 
countries also changed because of geographic tendencies to use 
different methods (see Table  1 and Supplementary Materials, 
respectively). Some regions with low prevalence on crude anal-
ysis were excluded from this analysis, but some in some regions 
such as some Asian countries, the low prevalence persisted.

2. Sample timing (before and after 35 weeks’ gestation, or at 
delivery):

The overall prevalence of maternal GBS colonization in studies that 
reported samples from pregnant women before 35 weeks’ gestation 
was 17% (95% CI, 15%–18%), then 15% (95% CI, 13%–16%) in 
those sampled after 35 weeks, and 14% (95% CI, 13%–16%) at 
delivery.

Figure 3. Geographic distribution of included data, showing the range of number of women tested per country. Data for Algeria, Libya, Portugal, and Qatar were excluded 
from final analyses due to inadequate description of culture methods. Borders of countries/territories in the map do not imply any political statement. 

Figure 4. Maternal group B Streptococcus colonizing serotype distribution by United Nations subregion.
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3. Rural or urban settings:

In mixed urban/rural settings, the prevalence of maternal GBS 
colonization was 20% (95% CI, 17%–23%) (24 studies from 14 
subregions), and 21% (95% CI, 15%–27%) in exclusively rural 
settings (6 studies) (Supplementary Figures 2 and 3).

Adjustments to Address Biases

We calculated adjustment factors for sample site and microbio-
logical methods (Table 2):

• For sample site: comparing sampling vaginorectally vs vagi-
nally only, based on 27 studies, the increase in detection (risk 
ratio) was 1.4 (95% CI, 1.3–1.6) (Supplementary Table 7 and 
Supplementary Figure 4).

• For microbiological methods: comparing a conventional 
selective agar (blood agar with antibiotics: CNS [most com-
monly] or NNA) with and without enrichment (10 studies), 
the increase in detection (risk ratio) was 1.5 (95% CI, 1.3–
1.7) (Supplementary Table  8 and Supplementary Figure  5). 

Compared to an unselective agar (eg, sheep blood agar alone) 
with and without selective enrichment (13 studies), the rela-
tive increase in sensitivity with selective enrichment was 1.9 
(95% CI, 1.6–2.1) (Supplementary Table 9 and Figure 6).

Maternal Group B Streptococcus Colonization Prevalence: Meta-analyses 
With Adjusted Data

The overall prevalence of maternal GBS was 18% (95% CI, 
17%–19%) (Table 1 and Supplementary Figure 7). The adjusted 
prevalence of GBS colonization by country is shown in Figure 5 
(detailed in Supplementary Table  6). The Caribbean had the 
highest prevalence of colonization (35% [95% CI, 35%–40%]), 
and Southern Asia and Eastern Asia had the lowest prevalence of 
GBS colonization (13% and 11%, respectively) (Supplementary 
Figures 8–11). Within these subregions, the Republic of Korea 
(8% [95% CI, 7%–9%]), Myanmar (9% [95% CI, 7%–11%]), 
India (10% [95% CI, 7%–12%]), Bangladesh (11% [95% CI, 
4%–18%]), and China (11% [95% CI, 10%–13%]) had the 
lowest prevalence, with higher prevalence found in Iran (16% 

Table 1. Maternal Group B Streptococcus Colonization Prevalence Results From Meta-analyses With Reported Data and Meta-analyses With Adjusted 
Data

Region/ 
Subregions

No. of 
Countries

No. of 
Pregnant 

Women Tested
Reported 

Prevalence, %
95% Confidence 

Interval

Prevalence From 
Studies With 

Recommended 
Methods Onlya, %

95% Confidence 
Interval

Adjusted 
Prevalenceb, %

95% 
Confidence 

Interval

Developed regions 29 144 604 18.4 17.0–19.8 21 19.6–22.3 19.2 17.7–20.7
Australia and  

New Zealand
2 2369 23.3 18.8–27.8 23.3 18.8–27.8 23.3 18.8–27.8

North America 2 27 462 22.0 19.2–24.8 23.0 20.9–25.1 23.2 21.1–25.3
Northern Europe 7 6702 20.6 16.6–24.7 24.1 21.9–26.4 22.2 19.1–25.4
Eastern Europe 7 15 737 20.8 17.3–24.4 22.9 18.7–27.2 23.0 19.2–26.8
Southern Europe 5 42 870 15.4 12.2–18.7 16.7 14.7–18.6 17.6 14.5–20.8
Western Europe 6 49 464 15.2 13.1–17.3 18.3 16.0–20.7 19.5 13.9–25.1
Americas 13 20 507 18.3 15.8–20.7 19.6 16.7–22.5 20.9 18.1–23.7
South America 8 16 141 15.9 13.5–18.2 15.7 13.0–18.5 18.4 15.5–21.3
Central America 2 3229 10.2 6.7–13.8 15.7 13.3–18.0 17.1 13.2–21.0
Caribbean 3 1137 33.5 28.8–38.3 33.5 28.8–38.3 34.7 29.5–39.9
Asia 20 98 842 11.0 10.0–12.0 11.6 10.5–12.7 12.8 11.8–13.9
Western Asia 7 15 124 14.3 11.-16.6 14.5 11.7–17.4 14.7 12.1–17.4
Central Asia 0 … … … … … … …
Southern Asia 4 15 838 10.0 8.3–11.6 10.0 7.5–12.6 12.5 10.2–14.8
South-Eastern Asia 6 4591 12.0 9.3–14.7 14.4 9.5–19.2 14.4 11.5–17.4
Eastern Asia 3 63 289 9.2 7.6–10.8 9.1 8.2–10.0 11.1 9.9–12.4
Africa 19 36 130 18.2 16.1–20.4 20.7 17.6–23.7 21.3 18.5–24.2
Northern Africa 3 1923 20.0 15.8–24.3 20.5 15.5–25.4 22.9 17.9–28.0
Western Africa 6 4860 13.6 9.0–18.3 17.2 6.2–28.3 17.5 10.8–24.1
Middle Africa 3 2058 18.6 16.9–20.3 19.3 15.9–22.7 23.9 14.7–33.1
Eastern Africa 6 14 071 18.2 15.0–21.5 19.4 15.5–23.3 19.4 15.9–23.0
Southern Africa 1 13 218 25.3 22.1–28.5 29.5 27.4–31.5 28.9 26.6–31.2
Oceania 1 440 19.0 6.8–31.3 … … … …
Melanesia 1 440 2.0 0.6–3.5 … … … …
Overall 300 176 15.2 14.3–16.0 17.4 16.3–18.5 18.0 16.9–19.1

aRecommended methods refers to studies including both rectal (or perianal) and vaginal swabs, and with selective enrichment or a selective agar proven to provide equivalent sensitivity.
bAdjusted prevalence for sample site and microbiological methods.
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[95% CI, 12%–20%]), Japan (16% [95% CI, 12%–20%]), and 
Pakistan (20% [95% CI, 6%–34%]). Importantly, some the data 
in some countries and regions could not be adjusted for (eg, Fiji, 
Melanesia) due to inadequate methods in the studies.

Meta-analyses of Maternal Group B Streptococcus Colonizing Serotypes

Serotypes Ia, Ib, II, III, and V colonized the rectovaginal tracts 
of women in all regions, accounting for 98% of serotypes glob-
ally; however, variation existed in the reported prevalence of 
these serotypes and, perhaps most importantly, in the prevalence 
of serotype III. Compared to an overall serotype III prevalence 
of 25%, Central America (11% of colonized women [95% CI, 
7%–14%]) and South-Eastern Asia (12% [95% CI, 6%–18%]), as 
well as some South Asian countries including India (11% [95% 
CI, 0–23%]) and Bangladesh (11% [95% CI, 7%–15%]), had a 
lower reported prevalence of serotype III (Figure 4). In particu-
lar, if the region of South Asia is separated from Iran (included 
in the UN Southern Asia subregion), then it has a particularly 
low prevalence of serotype III (10.4%). Other regional differ-
ences included greater serotype V prevalence (along with lower 

serotype III prevalence) in Western Africa. Other serotypes (VI, 
VII, VIII, and IX) appear to be much more frequently reported 
in Southern, South-Eastern, and Eastern Asia (Supplementary 
Tables 10 and 11; Supplementary Figures 12–16). Together they 
account for 20% of serotypes in South-Eastern Asia, for example.

DISCUSSION

GBS colonizes pregnant women in all regions of the world in 
which studies have been conducted. The prevalence rates vary 
in different geographical regions, and a strength of our review is 
that we sought to account as much as possible for variation due 
to differences in sampling and methodology, to shed light on true 
epidemiological variation. The worldwide prevalence postadjust-
ment was estimated at 18% (95% CI, 17%–19%) whereas preva-
lence preadjustment was 15% (95% CI, 14%–16%). Some regions 
had very different prevalence estimates after adjustment, which 
demonstrates how prevalence may have been underestimated 
previously. The data in some countries were inadequate and 
could not be adjusted for, and their crude prevalences are likely 
to be significant underestimates of true prevalence. However, 

Table 2. Adjustment Factors to Address Biases

Addition or Inclusion
Comparison Method (of Lower 

Sensitivity) CDC-Recommended Method No. of Studies

Adjustment Factor 
(Factor Increase in 

Sensitivity) (95% CI)

Addition of rectal swabs to vaginal 
swabs (vaginal vs vaginorectal 
sampling)

Vaginal only Rectovaginal 27 1.4 (1.3–1.6)

Inclusion of selective enrichment 
broth to unselective agar

Blood agar alone without 
antibiotics

Agar + selective enrichment broth
- Todd Hewitt + gentamicin and nalidixic acid
- Todd-Hewitt + colistin and nalidixic acid

13 1.9 (1.6–2.1)

Inclusion of selective enrichment 
broth to a blood agar including 
antibiotics

Blood agar with antibiotics
- Columbia colistin–nalidixic acid
- Neomycin–nalidixic acid

Agar + selective enrichment broth
- Todd Hewitt + gentamicin and nalidixic acid
- Todd-Hewitt + colistin and nalidixic acid

10 1.5 (1.3–1.7)

Most common examples are shown. For more details and meta-analyses, see the Supplementary Materials.

Abbreviations: CDC, Centers for Disease Control and Prevention; CI, confidence interval.

Figure 5. Prevalence of group B Streptococcus (GBS) colonization by country, adjusting for sampling site and laboratory culture method. Borders of countries/territories in 
map do not imply any political statement.
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considerable regional variation remained; in particular, Southern 
and Eastern Asian countries had a lower estimated prevalence of 
maternal GBS colonization. In addition, there were clear regional 
differences in colonizing serotypes. Notably, serotype III was less 
frequently found in Asia, with otherwise less common serotypes 
such as VI, VII, and VIII more frequently found. Within Africa, 
serotype V is more frequently reported in Western Africa than in 
other regions.

Differences in prevalence of GBS colonization and serotype 
distribution among mothers in different regions may help to 
explain apparent differences in incidence of newborn invasive 
GBS disease. Low apparent incidence of neonatal early-on-
set GBS disease in South Asia might, for example, be partly 
explained by a combination of lower overall prevalence of 
maternal GBS colonization and a lower prevalence of serotype 
III in those who are colonized. However, we need more data, 
particularly with sensitive methods, on maternal GBS coloniza-
tion prevalence and serotypes, particularly from the countries 
where there were limited or no data, and where colonization 
prevalence was very different to that found elsewhere (eg, 
Southern Asia, Melanesia, Central America, and Central Asia).

This is the largest systematic review and meta-analysis to date 
of published and unpublished data on maternal GBS colonization 
and serotype distribution globally and involved 299 924 pregnant 
women, with pooled estimates of maternal GBS colonization prev-
alence made for 82 countries, in comparison with 73 791 women 
and 37 countries included in the most recent previous review [5]. 
This is also the first global systematic review of serotypes coloniz-
ing pregnant women, including 16 181 bacterial isolates. However, 
there are limitations. The majority of studies with the most sensi-
tive sampling and microbiological techniques and the largest sam-
ple sizes came from high-income contexts. With the exception of 
a few recent reports [53, 54], studies from low-income contexts 
have frequently used less-sensitive sampling and microbiological 
methods, and have had small sample sizes and overrepresentation 
of urban referral hospitals. For many low-income contexts in par-
ticular, the data are thus potentially biased toward urban settings. 

Few studies directly compared urban and rural prevalence of GBS 
colonization, and these have shown conflicting results [49, 53, 55], 
as indeed have studies comparing primary and tertiary care [56] 
and high and low socioeconomic status [6, 53, 57–59]. Therefore, 
there may be variation, in different local contexts, in the extent 
and direction in which these factors influence maternal GBS colo-
nization prevalence. However, the reported variation may also be 
due to selection biases, especially for varying levels of care. In this 
review, although there were few direct comparisons, the overall 
maternal GBS colonization prevalence in rural contexts was com-
parable to urban contexts.

Other limitations include differences across studies in the 
timing of swabs. Screening later in pregnancy is more predic-
tive of GBS colonization during labor and therefore of the risk 
of neonatal invasive disease [44, 51, 60]. This review demon-
strated a marginally higher prevalence in studies with sam-
pling before 35 weeks (16.5% [95% CI, 14.9%–18.0%] vs 15.1% 
[95% CI, 13.8%–16.4%] after 35 weeks) which is supported by 
some longitudinal studies showing modest downward trends 
in prevalence during pregnancy, but contradicted by others 
[39–52, 61–64]. Current evidence suggests that overall pop-
ulation prevalence is relatively stable during pregnancy even 
if fluctuant at an individual level and that, for the purposes 
of population-level estimates of colonization, sampling preg-
nant women in the second trimester or third is unlikely to 
bias an overall estimate, even if swabs early in pregnancy are 
poor predictors of colonization at delivery.

We addressed some of the limitations in the data through 
adjustment where less-sensitive sampling or microbiological 
methods had been used and allowed inclusion of data from 
more low-income contexts. This assumed a consistent differ-
ence in sensitivity, which may not hold for all populations. 
A  single recent study in South Africa found that selective 
enrichment had lower sensitivity when used on rectal samples 
compared to direct plating onto selective agars [65], although 
the order of plating may have contributed to this. Overall, 
however, from our analyses (Supplementary Figures 1–3), 

Table 3. Key Findings and Implications

What’s new about this?
• This dataset covers 85 countries and includes 299 924 pregnant women, more than doubling the size of previous reviews, benefiting from translating 70 arti-

cles from 17 languages, and accessing unpublished data. In addition, we have undertaken meta-analyses showing consistently higher capture of GBS when 
sampling is rectovaginal (1.4 [95% CI, 1.3–1.6]) compared to vaginal only, or when selective enrichment is practiced (1.5 [95% CI, 1.3–1.7]). These findings 
allowed us to adjust input data, increasing comparability.

What was the main finding?
• We found a worldwide pooled estimate of 18% (95% CI, 17%–19%) for maternal GBS colonization prevalence, but with regional variation in prevalence (95% 

CI, 11%–35%), and also for serotype distribution.
How can the data be improved?
• Data gaps persist, as while 85 countries had useable data, more than half of 195 UN member states do not. Comparability would be improved by more stan-

dard sampling (rectovaginal swabs), laboratory methods (broth enrichment), and even newer more sensitive methods, with more reporting of serotypes and 
MLST types.

What does it mean for policy and programs?
• Our findings suggest that GBS is a common worldwide colonizer of pregnant women and that a GBS vaccine could be valuable in reducing the burden of 

GBS disease not just in high-income contexts.

Abbreviations: CI, confidence interval; GBS, group B Streptococcus; MLST, multilocus sequence typing; UN, United Nations.
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the increase in sensitivity when the most sensitive methods 
were used was consistent, and adjustment factors were tightly 
defined within 95% confidence intervals. Other factors that 
could affect the sensitivity of methods in different settings 
could not be accounted for, such as use of blood agar without 
specifying the source from which the blood was derived, which 
would lead to lower sensitivity if human blood, with or without 
ethylenediaminetetraacetic acid, were used instead of sheep 
blood, for example.

Our comprehensive review of GBS maternal colonization 
and serotype distribution highlights the important gaps in data 
that still exist. Future research on maternal GBS colonization 
should prioritize high-quality data from low-income con-
texts, especially rural populations and regions where there are 
large data gaps, such as South and Central Asia, Central and 
Western Africa, and Oceania. More phylogenetic data, includ-
ing sequence type clonal complex and serotype distributions, 
are also needed to understand the emergence and relationship 
between colonization and disease.

Despite data gaps, it is clear that GBS is present in all regions 
of the world as a pathogen colonizing pregnant women, and this 
finding has important implications for public health policy. The 
myths that GBS is only a pathogen in high-income contexts are 
no longer tenable. The associated burden would be amenable 
to prevention by intrapartum antibiotic prophylaxis or mater-
nal immunization. Improved data, including on serotypes, are 
important to guide effective decision making, and also monitor 
the impact of intervention (Table 3).

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding author.
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Background. Infections such as group B Streptococcus (GBS) are an important cause of maternal sepsis, yet limited data on epi-
demiology exist. This article, the third of 11, estimates the incidence of maternal GBS disease worldwide.

Methods. We conducted systematic literature reviews (PubMed/Medline, Embase, Latin American and Caribbean Health 
Sciences Literature [LILACS], World Health Organization Library Information System [WHOLIS], and Scopus) and sought unpub-
lished data on invasive GBS disease in women pregnant or within 42 days postpartum. We undertook meta-analyses to derive pooled 
estimates of the incidence of maternal GBS disease. We examined maternal and perinatal outcomes and GBS serotypes.

Results. Fifteen studies and 1 unpublished dataset were identified, all from United Nations–defined developed regions. From 
a single study with pregnancies as the denominator, the incidence of maternal GBS disease was 0.38 (95% confidence interval [CI], 
.28–.48) per 1000 pregnancies. From 3 studies reporting cases by the number of maternities (pregnancies resulting in live/still birth), 
the incidence was 0.23 (95% CI, .09–.37). Five studies reported serotypes, with Ia being the most common (31%). Most maternal 
GBS disease was detected at or after delivery.

Conclusions. Incidence data on maternal GBS disease in developing regions are lacking. In developed regions the incidence is 
low, as are the sequelae for the mother, but the risk to the fetus and newborn is substantial. The timing of GBS disease suggests that a 
maternal vaccine given in the late second or early third trimester of pregnancy would prevent most maternal cases.

Keywords. group B Streptococcus; pregnancy; postpartum; incidence; serotype.
 

Maternal sepsis is an important and potentially preventable 
cause of global maternal mortality. Although data are limited, 
particularly from countries with the highest maternal mortality 
ratios, maternal sepsis was estimated to cause around 11% (95% 
confidence interval [CI], 6%–19%, n  =  261 000) of maternal 
deaths worldwide between 2003 and 2009 [1]. It is especially 
prevalent in South Asia where it accounts for 14% of all mater-
nal deaths (95% CI, 3%–36%) and sub-Saharan Africa (10% 
[95% CI, 5.5%–18.5]) [1]. In comparison, the proportion of 

maternal deaths due to sepsis in developed countries was esti-
mated at 4.7% (95% CI, 2.4%–11.1%) [1].

In northwestern Europe, >40% of all maternal deaths were 
caused by puerperal sepsis in the early 1900s [2]. Serial data from 
England and Wales, one of the few areas to have extensive histori-
cal data on maternal mortality, show that puerperal sepsis caused 
55% of deaths in the 1870s but only 4.6% by the 1980s [3]. This 
decline is attributed primarily to knowledge of hygienic child-
birth practice and antibiotics. However, sepsis has reemerged as a 
leading cause of maternal death in the United Kingdom, account-
ing for nearly 25% of deaths in 2009–2012 [4] and is now the 
second most common cause of death [5]. This may be due to a 
number of factors, including (1) changes in maternal risk factors 
for sepsis, such as age at first pregnancy, the prevalence of comor-
bidities including obesity and diabetes, the ethnic makeup of a 
population, and levels of multiple births; (2) alterations in the 
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virulence of circulating organisms; and/or (3) variation in iatro-
genic factors such as the use of repeated invasive diagnostic and 
therapeutic procedures. A  corresponding increase in the inci-
dence and severity of sepsis in the general population has been 
noted in Europe and in the United States [6–8].

In keeping with the general decline in maternal deaths due to 
sepsis in developed countries over the last 150  years, the inci-
dence of maternal sepsis has fallen from 0.8% in the 1970s [9, 
10] to 0.1%–0.3% [11–14] in the 2000s. However, up to 10% of 
all pregnant women are reported to experience febrile morbid-
ity [15], representing a significant burden of ill health. Beyond 
maternal mortality, maternal infection can have short and long-
term effects not only on maternal health but also on the outcome 
of the pregnancy (eg, preterm labor, stillbirth, neonatal sepsis) 
and the longer-term health and development of the child [16–19].

Despite the burden of maternal, perinatal, and neonatal mor-
tality and morbidity associated with maternal sepsis, data on the 
etiology, particularly in low- and middle-income contexts, are 
limited [20]. Group B Streptococcus (GBS; Streptococcus agalac-
tiae), part of the normal flora in the intestine, vagina, and rec-
tum, is likely an important pathogen in maternal sepsis because 
around 1 in 5 pregnant women are colonized worldwide [21], 
and in pregnancy there is increased risk of invasive GBS disease 
[11, 22–25]. Indeed, GBS is frequently identified as a pathogen 
in maternal sepsis [9, 10, 14, 19, 26]; GBS accounted for 25% of 

clinically significant bacteremia in hospitalized pregnant women 
in Ireland [27] and 20% of hospitalized women with puerperal 
bacteremia in the United States [19]. Few publications, how-
ever, have specifically estimated the incidence of maternal GBS 
disease.

This article, assessing the incidence of invasive maternal 
GBS disease worldwide (Figure 1), is part of a supplement esti-
mating the burden of GBS disease in pregnant and postpartum 
women, stillbirths, and infants, which is important in terms of 
public health policy and particularly vaccine development [28]. 
The supplement includes systematic reviews and meta-analy-
ses on GBS colonization and adverse outcomes associated with 
GBS around birth [21, 29–35], which form input parameters to 
a compartmental model [36]. These are reported individually 
and according to international guidelines [37, 38].

The specific objectives of this article are:

1. To provide a comprehensive and systematic literature review 
and meta-analyses to assess the incidence of maternal GBS 
disease per 1000 pregnancies, the associated maternal, peri-
natal, and neonatal outcomes and the serotype distribution of 
maternal GBS disease;

2. To use the data input available for estimating the burden of 
GBS in pregnancy and postpartum for women, stillbirth, and 
infants; and

Figure 1. Maternal group B streptococcal (GBS) disease in disease schema for GBS, as described by Lawn et al [28]. Abbreviations: GBS, group B Streptococcus; NE, 
neonatal encephalopathy.
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3. To evaluate the gaps in the data and recommend what should 
be done to improve the data on maternal GBS disease.

METHODS

This article is part of a wider study protocol entitled “Systematic 
estimates of the burden of GBS worldwide in pregnant and 
postpartum women, stillbirths and infants.” It was submit-
ted for ethical approval to the London School of Hygiene & 
Tropical Medicine (reference number 11966) and approved on 
30 November 2016.

Definitions

Maternal GBS disease was defined as laboratory isolation of 
GBS from a sterile site (blood or cerebrospinal fluid [CSF] 
only) in a pregnant or postpartum woman (up to 42 days post-
partum), with a minimum of fever and physician suspicion of 
sepsis. Nonsystemic infections, such as chorioamnionitis, pye-
lonephritis, or soft tissue infections, were excluded.

Search Strategy

We identified data for this supplement through systematic review 
of the published literature and through development of an inves-
tigator group asking clinicians, researchers, and relevant profes-
sional institutions worldwide. For this article, systematic searches 
of Medline, Embase, the World Health Organization Library 
Information System (WHOLIS), Literature in the Health Sciences 
in Latin America and the Caribbean (LILACS), and Scopus were 
completed in November 2016, and updated to include all stud-
ies published to the end of January 2017. Search terms related to 
“pregnancy,” “maternal,” “peripartum,” “GBS,” and “sepsis” were 
used and medical subject headings (MeSH) terms were used 
where possible (see Supplementary Table  1 for the full search 
terms). Each article was reviewed and had data extracted by at 
least 2 reviewers. Where there was discrepancy between 2 review-
ers, a third was consulted. The reference lists of relevant articles 
were hand-searched to identify additional studies.

Inclusion and Exclusion Criteria

Any observational studies reporting the incidence of invasive 
GBS disease in pregnant women or women up to 42 days post-
partum were eligible for inclusion. Reviews, case reports or 
series, and commentaries were excluded. No date or language 
restrictions were applied; texts were translated to English when 
published in other languages.

Data Abstraction and Meta-analyses

Data from each study were extracted into standard Excel forms 
and imported to Stata 13 software (StataCorp) for meta-analy-
ses. Where available, data were extracted and used to describe 
the maternal, perinatal, and neonatal outcomes for women with 
maternal GBS disease. Information on the serotype of GBS was 
extracted where reported.

We used random-effects meta-analyses to estimate the inci-
dence of maternal GBS disease using the DerSimonian and 
Laird method [39]. The same approach was used to estimate 
the timing of disease in relation to the course of pregnancy 
(antepartum, peripartum, or postpartum), case fatality risks 
for maternal and neonatal mortality in maternal GBS disease, 
the incidence of early-onset GBS disease (EOGBS) in neonates 
born to women with maternal GBS disease, and the prevalence 
of GBS serotypes causing maternal GBS disease.

RESULTS

The database searches returned a total of 3580 hits combined; an 
additional 14 articles were identified through hand-searching 
the references, and 1 unpublished dataset was included. After 
duplicates were removed, 1488 papers remained. Following 
review of the title and abstract, the full text of 56 articles was 
reviewed. From these, 15 were retained, although only 4 were 
included in the meta-analysis of the incidence of invasive mater-
nal GBS disease. In addition, one unpublished dataset from the 
United Kingdom [40] was included, for a total of 16 studies, 5 of 
which were included in the meta-analysis, as shown in Figure 2.

Characteristics of Included Studies

Thirteen studies from the systematic review met our inclusion cri-
teria; an additional 2 provided relevant information on maternal 
GBS disease but no incidence estimate, plus one unpublished data-
set from the United Kingdom [40] for a total of 16 studies, which 
are summarized in Table 1 [12, 14, 19, 22, 23, 25–27, 40–47]. The 
study periods ranged from 1981 to 2016; only 4 were published 
pre-2000 [19, 41, 44, 46]. All studies were hospital-based with 
many studies using the methodology of an audit of blood cul-
tures from obstetric patients linked with a review of their medical 
records, some prospectively and some retrospectively. Different 
population denominators were used to estimate incidence: preg-
nancies, maternities (defined as women delivering either live or 
stillbirths), live births, total births, or per 1000 woman-years, and 
several studies only reported risks without providing the data that 
went into the estimate. We intended to estimate incidence rates 
per 1000 pregnancies; however only 1 study reported these data 
[26]. Four more used maternities as the denominator [12, 14, 40, 
42], which we used for the meta-analysis. The number of materni-
ties will be lower than the number of pregnancies, as pregnancies 
include miscarriages and induced abortions. The studies included 
in the meta-analysis of the incidence of maternal GBS disease were 
all published since 2013 (and included 1 set of unpublished data) 
and were conducted in the United States [12], France [14], Ireland 
[26], and the United Kingdom [40, 42] (Figure 3). Four were con-
ducted retrospectively and 1 prospectively, and they were all large 
studies covering tens or hundreds of thousands of women.

All 16 studies were used to provide data on other aspects 
and outcomes of maternal GBS disease. Five studies reported 
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information on the timing of the disease with relation to the 
antenatal, delivery, or postnatal period [14, 26, 43, 44, 46]. 
Eleven articles reported the absolute number of maternal deaths 
[14, 22, 23, 25, 26, 40–44, 47], 6 articles reported some data on 
maternal morbidity. Nine articles provided data on perinatal 
outcomes from pregnant women with GBS disease [19, 23, 26, 
40–42, 44, 46, 47]. Seven articles reported on neonatal mortality 
associated with maternal GBS disease [19, 23, 25, 41, 42, 44, 46], 
and 6 reported on cases of EOGBS disease in neonates born to 
pregnant women with GBS disease [19, 23, 41, 42, 44, 47]. Two 
articles reported on colonization [14, 44]. Serological typing of 
GBS bacterial isolates was undertaken in 5 studies [22, 23, 25, 
44, 47].

Incidence

From the single study using pregnancies as the denominator 
(n = 150 043), the incidence of invasive maternal GBS disease 
was 0.38 (95% CI, .28–.48) per 1000 pregnancies, as shown in 

Figure 4. From the 4 studies reporting cases of invasive mater-
nal GBS disease by the number of maternities (n = 1 576 138), 
the incidence was 0.17 (95% CI, –.01 to .35), also shown in 
Figure 4.

Most studies included cases of sepsis on the basis of clin-
ical suspicion and positive sterile-site cultures. One study 
[42] only reported cases of severe maternal sepsis, defined as 
death related to infection; severe sepsis requiring admission 
to a high dependency or intensive care unit; or clinical sus-
picion of sepsis with ≥2 of the symptoms of systemic inflam-
matory response syndrome (see Supplementary Table 2). By 
focusing on the most severe cases, this study reported a sig-
nificantly lower incidence of maternal GBS disease (7 cases 
in 799 003 maternities, incidence 0.01/1000 maternities). 
A  meta-analysis stratified by case definition calculated the 
incidence of invasive maternal GBS disease from the remain-
ing 3 studies as 0.23 (95% CI, .09–.37) per 1000 maternities 
(Figure 5).

Figure 2. Data search and included studies for maternal group B streptococcal disease.
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Table 1. Characteristics of 16 Included Studies

First Author 
and Year

Year of Data 
Collection Study Location Study Design

No. of 
Pregnancies

No. of Live 
Births

No. of Live and 
Stillbirths

Inclusion 
Criteria

Cases of 
Maternal 

GBS 
Disease

Blood 
Cultures

Diagnosis of 
Maternal GBS 

Disease

Lamagni 2016 
[40]

2014 All NHS patients  
in England

National popu-
lation-based 
laboratory 
surveillance 
linked to 
hospital 
admission 
statistics

638 863 
deliveries

646 455 649 485 All women 
receiving 
NHS care in 
England

185 185 Laboratory- 
confirmed 
invasive 
GBS infec-
tion as 
determined 
through 
culture of 
GBS from 
normally 
sterile sites

Drew 2015 
[27]

January 2001– 
December 
2014

Rotunda Hospital, 
Dublin, Ireland

Retrospective 
audit of 
blood cul-
tures taken 
from obstet-
ric patients

Not reported 112 361 Not reported All clinically 
significant 
blood 
cultures 
taken from 
obstetric 
patients at 
Rotunda 
Hospital in 
the study 
period

64 64 Isolation of 
GBS from 
blood of an 
obstetric 
patient 
during the 
period of 
the audit

Kalin 2015  
[42]

June 2011– 
May 2012

All UK consul-
tant-led mater-
nity units

Secondary 
analysis of 
GBS sepsis 
cases from 
popula-
tion-based 
study 
(UKOSS 
facilitated). 
Case-control 
study

799 003 
maternities

Not  
reported

Not reported All mothers 
delivering 
in UK 
hospitals

7 7 Severe sepsis 
and GBS 
isolated 
from 
sterile site 
in unwell 
mother

Knowles 2014 
[26]

1 January 2005–
31 December 
2012

Coombe Women 
and Infants 
University 
Hospital 
and National 
Maternity 
Hospital, Dublin

Prospective 
review of 
medical 
records and 
laboratory 
data. Case- 
control 
study

136 897 
pregnan-
cies

139 495 139 495 All mothers 
delivering in 
CWIUH and 
NMH

57 (2 
antena-
tal; 43 
intra-
partum; 
12 
post-
partum)

57 Laboratory- 
confirmed 
secondary 
blood-
stream 
infection

O’Higgins 
2014 [43]

1 January  
2009–31 
December 
2012

Coombe Women 
and Infants 
University 
Hospital, Dublin, 
Ireland

Retrospective 
audit of 
blood cul-
tures taken 
from obstet-
ric patients

37 584 preg-
nancies 
– note 
overlap 
with 
Knowles 
2014 so 
excluded 
from 
meta-anal-
ysis

Not reported Not reported Blood cultures 
taken from 
obstetric 
patients 
which 
yielded a 
pathogenic 
organism 
and whose 
medical 
records 
were avail-
able for 
review

15 (10 
intra-
partum; 
5 post-
partum)

15 Isolation of 
GBS from 
the blood 
of an 
obstetric 
patient 
during the 
period of 
the audit

Cape 2013  
[12]

January 2000– 
December 
2008

Brigham and 
Women’s 
Hospital, 
Boston, 
Massachusetts

Retrospective 
cohort study

78 781 
maternities

81 376 Not reported Blood cultures 
taken from 
obstetric 
patients at 
the hospital 
in the study 
period; 
pathogenic 
organisms 
only

8 8 Isolation of 
GBS from 
blood of an 
obstetric 
patient 
during hos-
pitalization
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First Author 
and Year

Year of Data 
Collection Study Location Study Design

No. of 
Pregnancies

No. of Live 
Births

No. of Live and 
Stillbirths

Inclusion 
Criteria

Cases of 
Maternal 

GBS 
Disease

Blood 
Cultures

Diagnosis of 
Maternal GBS 

Disease

Surgers 2013 
[14]

January 2005– 
December 
2009

Five teaching 
hospitals across 
Paris

Retrospective 
multicenter 
audit of pos-
itive blood 
cultures and 
associated 
medical 
records of 
obstetric 
patients

59 491 
maternities

Not reported Not reported Blood cultures 
taken from 
obstetric 
patients 
which 
yielded a 
pathogenic 
organism 
and whose 
medical 
records 
were avail-
able for 
review

19 (17 
intra-
partum; 
2 post-
partum)

19 Isolation of 
GBS from 
the blood 
of an 
obstetric 
patient 
during the 
period of 
the audit

Deutscher 
2011 [25]

2007–2009 
(exact dates 
not specified)

California, 
Colorado, 
Connecticut, 
Georgia, 
Maryland, 
Minnesota, New 
Mexico, New 
York, Oregon, 
Tennessee

Multicenter, 
prospec-
tive, active 
surveillance 
study

Not  
reported

470 646 (in 
2007)

Not reported Pregnant and 
postpartum 
women 
aged 15–44 
y in surveil-
lance areas 
with posi-
tive blood 
cultures. 
No mention 
of clinical 
criteria

99 (42 
pre-/ 
intra-
partum; 
57 
post-
partum)

99 Isolation of 
GBS from a 
sterile site 
in a surveil-
lance area 
resident 
(amniotic 
fluid and 
placenta 
not 
included)

Phares 2008 
[22]

January 1999– 
December 
2005

California, 
Colorado, 
Connecticut, 
Georgia, 
Maryland, 
Minnesota, New 
Mexico, New 
York, Oregon, 
Tennessee

Multicenter, 
prospec-
tive, active 
surveillance 
study

Not  
reported

454 476 Not reported 409 211 Isolation of 
GBS from 
sterile site 
in a surveil-
lance-area 
resident

Schrag 2000 
[45]

1993–1998 
(exact dates 
not specified)

Microbiology 
laboratories 
serving acute 
care hospitals 
in Maryland, 
Georgia, 
California, and 
Tennessee

Multicenter, 
prospec-
tive, active 
surveillance 
study

Not  
reported

Not reported Not reported All residents 
within 
surveillance 
areas of any 
age with 
GBS iso-
lated from a 
sterile site 
(not includ-
ing placenta 
or amniotic 
fluid)

345 221 Isolation of 
GBS from a 
sterile site 
in a surveil-
lance area 
resident 
(amniotic 
fluid, 
placenta, 
and urine 
excluded)

Tyrrell 2000 
[23]

1 January 1996–
30 December 
1996

Nine Canadian 
public health 
units

Multicenter, 
prospec-
tive, active 
surveillance 
study

Not  
reported

Not reported Incidence 
rate of 
41/100 000 
total births

All residents 
of surveil-
lance area 
of any age, 
with GBS 
isolated 
from a 
sterile site. 
No mention 
of clinical 
criteria

15 11 Isolation of 
GBS from a 
sterile site 
in a surveil-
lance area 
resident

Table 1. Continued
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First Author 
and Year

Year of Data 
Collection Study Location Study Design

No. of 
Pregnancies

No. of Live 
Births

No. of Live and 
Stillbirths

Inclusion 
Criteria

Cases of 
Maternal 

GBS 
Disease

Blood 
Cultures

Diagnosis of 
Maternal GBS 

Disease

Zaleznik  
2000 [26]

January 1993– 
December 
1996

12 hospitals in 
4 cities in US 
(Houston, 
Minneapolis, 
Seattle, 
Pittsburgh)

Multicenter, 
prospec-
tive, active 
surveillance 
study

Not  
reported

157 184 Incidence rate 
0.3/1000 
deliveries

All mothers 
delivering 
at the 4 
included 
hospitals. 
Cases 
identified 
from micro-
biology 
laboratory 
records, 
febrile 
women 
(only 1 of 4 
criteria for 
sepsis)

54 52 Isolation of 
GBS from 
blood or 
another 
usually 
sterile site 
(except 
urine) 
during hos-
pitalization

Schwartz  
1991 [46]

1982–1983 Atlanta, Georgia 
metropolitan 
area: all 37 
acute care 
hospitals and 
independent 
bacteriology 
laboratories

Population- 
based sur-
veillance 
for invasive 
GBS disease 
in adults

Not  
reported

Incidence of 22 
cases/100 000 
live births

Not reported Resident of 
the Atlanta 
health dis-
trict from 
who GBS 
was iso-
lated from 
a normally 
sterile site 
in 1982 or 
1983

14 9 Isolation of 
GBS from a 
sterile site 
in a surveil-
lance-area 
resident

Gallagher  
1985 [41]

Jan 1980–June 
1984

St Elizabeth 
Hospital Medical 
Center, a teach-
ing hospital of 
northeastern 
Ohio

Retrospective 
audit of 
GBS-positive 
blood 
cultures

Not reported Not  
reported

Not reported Any person 
from whom 
GBS was 
isolated 
from blood 
culture 
specimens 
between 
January 
1980 
and June 
1984 at St 
Elizabeth 
Hospital 
Medical 
Center

4 4 Isolation of 
GBS from 
the blood 
of any 
patient 
during time 
of audit

Pass  
1982 [44]

June 1977– 
December 
1979 and 
June 1977– 
June 1980

Cooper Green 
Hospital and 
University 
Hospital, 
University of 
Alabama, in 
Birmingham

Retrospective 
audit of 
patients 
with proven 
GBS sep-
sis, also 
results from 
prospec-
tive study 
of GBS 
infections

Not reported Not  
reported

Incidence rates 
of 2.3 and 
1.4/1000 
deliveries, 
respec-
tively for 
University 
Hospital 
and Cooper 
Green 
Hospital

Patients with 
proven 
GBS sepsis 
(also results 
for all 
nonbacte-
remic GBS 
infections 
in obstetric 
patients)

21 21 Proven GBS 
sepsis (not 
further 
defined, 
but all had 
GBS iso-
lates from 
blood)

 Gibbs  
1981 [19]

March 1975– 
June 1979

Bexar County 
Teaching 
Hospitals, San 
Antonio, Texas

Retrospective 
audit of aer-
obic strep-
tococcal 
infections 
in obstetric 
patients

Not reported Not  
reported

Not reported Patients with 
strepto-
coccal 
infections 
with bacte-
remia in the 
hospital’s 
blood cul-
ture results 
system

31 31 Streptococcal 
isolate in 
1 or more 
blood 
cultures 
accompa-
nied by clin-
ical signs of 
infection

Abbreviations: CWIUH, Coombe Women and Infants University Hospital; GBS, group B Streptococcus; NHS, National Health Service; NMH, National Maternity Hospital, Dublin; UK, United 
Kingdom; UKOSS, UK Obstetric Surveillance System; US, United States.

Table 1. Continued
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The studies that reported incidences but could not be included 
in the meta-analysis are shown in Supplementary Table 3. The 
incidence appears to have fallen in the United States, from the 
highest estimate of 2.3 per 1000 deliveries in the late 1970s [44] 
to 0.12 per 1000 live births in the early 2000s [22]. It should 
be noted that not all of these studies applied the same defini-
tion of a sterile site (for example, some included amniotic fluid, 
others did not), nor do they use the same denominator and are 
therefore not strictly comparable either to each other or to the 
findings of the meta-analysis.

Timing

The timing of the detection of maternal GBS disease in relation 
to the course of pregnancy was available for 122 cases from 5 

studies [14, 26, 43, 44, 46]. Pooled estimates for the timing of 
detection show that most cases (66.7% [n = 83]) were detected 
during labor/delivery (95% CI, 46.6%–86.8%) or postpartum 
(32.5% [95% CI, 12.1%–52.9%]; n  =  37) (see Supplementary 
Figures 1–3).

Maternal Outcomes

The overall case fatality risk for pregnant or postpartum women 
experiencing invasive GBS disease was 0.20% (95% CI, –.40 to 
.80; 11 studies, 2 deaths, 890 cases) (Supplementary Figure 4). 
One death occurred in 211 cases (case fatality risk, 0.47% [95% 
CI, .01–2.61]) [45] and a second, coincidentally, among another 
211 cases [22]. The limited data on maternal morbidity are 
shown in Supplementary Table 4.

Figure 3. Geographic distribution of data on maternal group B streptococcal (GBS) disease that met inclusion criteria.

Figure 4. Meta-analysis of the incidence of maternal group B streptococcal disease, split by denominator of women delivering (4 studies, N = 1 576 138) or total pregnan-
cies (1 study, n = 150 043). Abbreviations: CI, confidence interval; ES, effect size; GBS, group B Streptococcus.
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Perinatal Outcomes

From 9 studies where pregnancy outcome was reported [19, 
23, 26, 40–42, 44, 46, 47], there were 323 live births, 21 mis-
carriages, and 14 stillbirths in 357 women with maternal GBS 
disease. There is some variation in the definition of stillbirth 
worldwide; not all papers reported their definition, but those 
that did used 20 or 24 weeks as is common in developed set-
tings. Pooled estimates for pregnancy outcomes were as follows: 
live births, 93% (95% CI, 88%–98%); miscarriages, 4% (95% CI, 
1%–7%); and stillbirths, 3% (95% CI, 1%–5%) (Supplementary 
Figures 5–7).

Neonatal Mortality and Morbidity in Babies Born to Women 
With Maternal Group B Streptococcus Disease
In the 7 studies reporting neonatal mortality, there were 4 
neonatal deaths in 160 live births. The pooled estimate for 
the case fatality risk (all cause) for newborns born to women 
with maternal GBS disease was 2.2% (95% CI, –1.1% to 5.6%) 
(Supplementary Figure 8). Of the 4 deaths, no information was 
given on cause of death for 3; the fourth was a death of a neo-
nate with EOGBS.

In the 6 studies reporting EOGBS, there were 24 cases among 
213 live births to women with maternal GBS disease. The 
pooled incidence estimate for EOGBS was 6.09 (95% CI, .69–
11.5) per 1000 live births in women with maternal GBS disease 
(Supplementary Figure 9). In a case-control study, the infants of 
mothers with maternal GBS disease had increased odds of either 
being born prematurely (odds ratio [OR], 6.00 [95% CI, 2.45–
14.7] before 37 weeks’ gestation and 13.4 [95% CI, 3.11–57.3] 
before 32 weeks) or developing sepsis (causative organisms not 
specified) themselves (OR, 32.7 [95% CI, 8.99–119.0]) [42].

Colonization

Thirteen neonates who were born to women with maternal GBS 
disease were colonized among 29 who were tested (44.8%). No 
information was given on serotypes.

Serotypes

Three hundred ten cases were serotyped. The distribution of 
capsular serotypes causing maternal GBS disease is shown in 
Figure 6. Serotype Ia was the most common (31%), followed by 
III (27%), V (19%), Ib (14%), and II (5%).

Figure 6. Group B Streptococcus (GBS) serotypes causing maternal GBS disease 
(5 studies, N = 310). Serotypes included in a pentavalent vaccine are shown in blue 
shades.

Figure 5. Meta-analysis of the incidence of maternal GBS disease, split by severe sepsis (1 study, n = 799 003) or sepsis (3 studies, N = 777 135). Abbreviations: CI, confi-
dence interval; ES, effect size; GBS, group B Streptococcus.
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DISCUSSION

Our review is the first assessing invasive maternal GBS disease, 
and we found an incidence of 0.38 (95% CI, .28–.48) per 1000 
pregnancies (1 study; 150 043 pregnancies) and 0.23 (95% CI, 
.09–.37) per 1000 maternities in high-income contexts, exclud-
ing the study focused solely on severe sepsis. This maternal inci-
dence is lower than the incidence of neonatal GBS disease (0.42 
[95% CI, .30–.54]) in developed countries (see Madrid et al in 
this supplement [33]), but it is likely to be an underestimate due 
to underreporting and/or low case ascertainment.

While the risk of mortality and morbidity for women with 
maternal GBS disease appears low in the developed region (case 
fatality risk, 0.19% [95% CI, –0.25% to 0.62%]), the same can-
not be said for the fetus or neonate. Where pregnancy outcomes 
were known, around 7% of pregnancies ended in miscarriage 
(4% [95% CI, 1%–7%]) or stillbirth (3% [95% CI, 1%–5%]), 
and 2.22% (95% CI, –1.11% to 5.55%) of the babies born alive 
died in the first month of life. These may be underestimates, 
as some studies did not include the antenatal period (therefore 
omitting miscarriages and a high proportion of stillbirths) and 
not all studies followed women up long enough to fully assess 
pregnancy outcomes. There is a significantly increased risk of 
EOGBS (6.09 cases [95% CI, .69–11.5] per 1000 live births in 
women with maternal GBS disease) compared to the back-
ground incidence of EOGBS (0.42/1000 live births) [33], and 
increased odds of preterm birth or sepsis in general [42]. In one 
study, maternal GBS disease was associated with pregnancy loss 
or EOGBS in 28% of cases [47]. The risk to the fetus and new-
born is likely to be higher in low- and middle-income contexts.

The small number of articles and limited geographies cov-
ered, particularly those with pregnancies as a denominator, 
limit the analysis. However, all data in the studies included in 
the meta-analysis of the incidence of maternal GBS disease were 
collected after the year 2000, when the data may be more likely 
to be comparable. Despite this, there was significant heteroge-
neity between studies (I2 = 88.9%). Other important factors for 
both study heterogeneity and case ascertainment are the case 
definition employed, the demographic profile of the women 
included in the study, variations in sampling strategy for the 
collection of blood cultures in febrile pregnant women and 
in other clinical practices such as instrumental deliveries and 
cesarean section rates, the duration of the inclusion period (ie, 
the length of the antenatal to postpartum period studied), lab-
oratory culture methods used and sensitivity of detection, and 
use of intrapartum antibiotic prophylaxis and/or antenatal and 
postnatal antibiotic use (which was poorly reported in these 
studies), which will reduce detection of GBS [26].

The influence of the case definition used can be seen when 
comparing the study focusing on severe maternal sepsis with 
strictly applied clinical criteria, which found the lowest inci-
dence of maternal GBS disease (0.01/1000 maternities) [42], to 

studies using microbiological results with less stringent clinical 
criteria, which reported higher incidence risks. For example, 
GBS bacteremia in febrile pregnant women had a reported inci-
dence of 0.3 per 1000 births [47]. The latter may overestimate 
cases, as transient bacteremia can occur in the absence of overt 
clinical sepsis, though in the presence of fever. These inconsist-
encies in studies purporting to investigate the same issue arise 
from a lack of consensus on maternal sepsis case definitions 
[48].

There are further issues with case ascertainment. First, clin-
ical signs of sepsis may be obscured to some extent by the 
physiological changes in pregnancy [43]. For example, leuko-
cytosis, a sign of sepsis (see Supplementary Table 2), is a nor-
mal physiological change in pregnancy; in 1 study only 38% of 
women with pre- or intrapartum bacteremia had a white cell 
count outside the normal reference range for pregnancy [43]. 
Second, many studies looked only at cases of bacteremia, and 
not at cultures from other sterile sites, underestimating the bur-
den of GBS disease. Third, some febrile pregnant or postpartum 
women might not have had blood samples taken, reducing case 
ascertainment. Finally, in up to half of cases of severe sepsis the 
infection is polymicrobial—that is, a single causative organism 
cannot be identified from a sterile culture site [49], again lead-
ing to an underestimate of the number of cases of maternal GBS 
disease.

The inclusion period considered by the study could also 
affect the incidence estimate. A  longer postpartum inclusion 
period could increase case ascertainment, although this may be 
limited by the fact that most of the postpartum cases occurred 
within the first 48 hours after delivery, meaning an extended 
inclusion period may not necessarily detect many more cases. 
Some studies did not include the antenatal period, or only 
included the 7 days prior to delivery, which may underestimate 
cases and lead to an underestimate of the impact of GBS disease 
on miscarriages and following induced abortion, particularly 
unsafe abortion. It was not possible to conduct a sensitivity ana-
lysis to investigate the effect of the inclusion period as, within 
the 5 studies included in the meta-analyses, 4 different inclusion 
periods were used. The categorization of the timing of disease 
presents a risk of misclassification. For example, a case detected 
during labor might actually have been an antenatal case where 
the infection precipitated labor. In the only study where gesta-
tional age was reported, 6 cases of maternal GBS disease were 
identified during labor and 4 of these were premature labor 
(before 37 weeks), suggesting that these could have been ante-
natal infections [44].

The complete burden of maternal GBS disease is higher than 
that estimated here, as there are many other infections caused 
by GBS. This includes chorioamnionitis (intra-amniotic infec-
tion) and postpartum endometritis (PPE), both important 
contributors to maternal, fetal, and neonatal mortality and 
morbidity. A study in the United States found that GBS was the 
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most common cause of endometritis or chorioamnionitis [19]. 
Chorioamnionitis (infection of the intrauterine environment 
and fetal membranes) affects 1%–4% of pregnancies in devel-
oped countries; the incidence in low- and middle-income con-
texts is not known [50]. In one study, GBS was recovered from 
amniotic fluid from 15% of women with chorioamnionitis [51]. 
PPE occurs in around 5% of all vaginal births and 10% of cesar-
ean deliveries in developed countries [52]. Most cases of PPE 
are not evaluated using sterile site cultures because endometri-
tis is treated empirically [25]. Nonetheless, GBS is an impor-
tant cause of PPE; a systematic review of 25 studies reported the 
recovery of GBS from the endometrium in 305 of 3026 (10%) 
women with PPE [53]. The incidence of PPE, and the contri-
bution of GBS to this, in low- and middle-income contexts is 
unknown. It is likely to be higher, with fewer deliveries using 
antisepsis measures and reduced access to antibiotic prophy-
laxis [54]; however, unpublished data from an ongoing study in 
Pakistan found that 11 of 468 (2.4%) endometrial samples taken 
for suspected PPE were positive for GBS (Shakoor et al, for the 
ANISA-Postpartum Sepsis Study Group, personal communica-
tion, 2017). While data from low- and middle-income contexts 
are limited, the data from developed countries suggest that GBS 
is an important contributor to total maternal infectious mor-
bidity and perinatal and neonatal mortality and morbidity, even 
in the absence of systemic infection and sepsis.

We noted an apparent fall in the incidence of maternal GBS 
disease in the United States, the only country with serial data, 
from the 1970s to the early 2000s with a possible subsequent 
plateau (Supplementary Table  3). This is compatible with the 
decline in the incidence of sepsis noted in developed countries 
over this time period, recent increases in incidence notwith-
standing. It is also in keeping with other findings of a fall in inci-
dence of GBS disease in the United States, which may be due 
to the introduction of universal screening and increased use of 
intrapartum antibiotic prophylaxis (IAP) during this time [45]. 

The fact that screening and IAP cannot prevent all maternal or 
neonatal disease further supports the case for vaccination prior 
to labor.

The serotype distribution of maternal GBS disease is, unsur-
prisingly, similar to that seen in maternal colonization [21] and 
EOGBS [33]. In all 3 population groups, Ia, III, and V are the 
most common serotypes causing disease, though there is more 
serotype III in neonatal disease [33]. Given this similarity, cur-
rent vaccine candidates are likely to be effective in preventing 
some maternal GBS disease.

CONCLUSIONS

This first review of maternal GBS disease suggests that the inci-
dence in developed countries is lower than, but comparable to, 
neonatal disease in developed countries, and that associated 
maternal mortality and morbidity are uncommon sequelae. 
In contrast, the risk for the neonate, in terms of mortality and 
morbidity, is increased. Given that most maternal cases were 
peri- or postpartum, maternal vaccination in the late second or 
early third trimester is likely to be effective at preventing GBS 
disease in the mother as well as the infant.

The absence of studies from low- and middle-income con-
texts means these findings cannot be generalized. The incidence 
of 0.23 (95% CI, .09–.37) per 1000 maternities should be seen as 
a “minimum estimate” of maternal GBS disease, given the likely 
higher incidence in the rest of the world, and the fact that we 
have only considered the more severe, systemic cases and not 
all infections caused by GBS during pregnancy and the post-
partum period.

There is a need for high-quality research into the etiology of 
maternal sepsis worldwide, but especially in low- and middle-in-
come contexts. This need is credited in the new Global Maternal 
and Neonatal Sepsis Initiative. This commenced in 2015 under 
the leadership of the World Health Organization and Jhpiego 

Table 2. Key Findings and Implications

What’s new about this?
• This is the first systematic review and meta-analysis to estimate the incidence of maternal GBS disease worldwide and to describe the causative serotypes 

and outcomes of disease.
What was the main finding?
• The incidence of maternal GBS disease in the developed region is lower than, but comparable to, neonatal GBS disease in the developed region at approxi-

mately 0.38 (95% CI, .28–.48) per 1000 pregnancies and 0.23 (95% CI, .09–.37) per 1000 maternities. The serotype distribution of maternal GBS disease is 
similar to that seen in maternal colonization and early-onset neonatal GBS disease, with serotypes Ia, III, and V most common. The risk of maternal mortality 
or morbidity is low; however, the risk for the neonate, in terms of mortality and morbidity, is increased.

How can the data be improved?
• The incidence of maternal GBS disease in low- and middle-income contexts is an important data gap. To improve the availability and comparability of data, 

standardized surveillance and reporting systems are required. Agreement is needed on the parameters used to define maternal GBS disease, pregnancies 
should be used as the denominator, and appropriate follow-up should be conducted to determine the outcome of the pregnancy.

What does it mean for policy and programs?
• As most maternal GBS disease is peripartum or postpartum, maternal vaccination in the late second or early third trimester is likely to be effective at pre-

venting GBS disease in the mother as well as the infant. Maternal GBS vaccination would be expected to be more effective than IAP in preventing maternal 
postpartum GBS sepsis; a maternal vaccine study should measure this outcome and could also contribute to improved measurement of burden as a “vaccine 
probe” approach.

Abbreviations: CI, confidence interval; GBS, group B Streptococcus; IAP, intrapartum antibiotic prophylaxis.
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(an international, nonprofit health organization affiliated with 
The Johns Hopkins University). The Initiative notes the impor-
tance of infection in maternal and newborn morbidity and 
mortality; the goals include research on the burden and causes, 
prevention, and management, and information/advocacy [55]. 
Community-based mother and newborn surveillance systems 
with identification, appropriate biosampling, and management, 
such as those implemented in South Asia, can shed further light 
on the microbiology, along with the epidemiology of maternal 
infection, including GBS [56].

However, as 80% of the world’s births are now facility 
based, a routine approach to surveillance is becoming more 
feasible. National surveillance systems for maternal sepsis 
would ensure that more attention is paid to pregnant and 
postpartum women with a fever. Systematically sampling 
with appropriate laboratory investigation should be done if 
women have a fever, whether antenatally, during labor, or 
after birth. Women and their babies should be followed up 
to assess clinical outcomes. To facilitate international com-
parisons regarding GBS, agreement on the parameters used 
to determine cases of maternal GBS disease and the denom-
inator is required. Because sepsis may occur at any stage of 
pregnancy, and may influence the outcome of pregnancy, 
the recommended denominator is all pregnant women. Such 
studies are needed globally, but especially in developing 
countries to fill this data gap. These data are required to assess 
the burden of GBS disease and to determine the clinical and 
cost effectiveness of antenatal screening, treatment, and vac-
cination strategies to inform policy decisions (Table 2).
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Background. There are an estimated 2.6 million stillbirths each year, many of which are due to infections, especially in low- and 
middle-income contexts. This paper, the eighth in a series on the burden of group B streptococcal (GBS) disease, aims to estimate 
the percentage of stillbirths associated with GBS disease.

Methods. We conducted systematic literature reviews (PubMed/Medline, Embase, Literatura Latino-Americana e do Caribe em 
Ciências da Saúde, World Health Organization Library Information System, and Scopus) and sought unpublished data from investi-
gator groups. Studies were included if they reported original data on stillbirths (predominantly ≥28 weeks’ gestation or ≥1000 g, with 
GBS isolated from a sterile site) as a percentage of total stillbirths. We did meta-analyses to derive pooled estimates of the percentage 
of GBS-associated stillbirths, regionally and worldwide for recent datasets.

Results. We included 14 studies from any period, 5 with recent data (after 2000). There were no data from Asia. We estimated 
that 1% (95% confidence interval [CI], 0–2%) of all stillbirths in developed countries and 4% (95% CI, 2%–6%) in Africa were asso-
ciated with GBS.

Conclusions. GBS is likely an important cause of stillbirth, especially in Africa. However, data are limited in terms of geographic 
spread, with no data from Asia, and cases worldwide are probably underestimated due to incomplete case ascertainment. More data, 
using standardized, systematic methods, are critical, particularly from low- and middle-income contexts where the highest burden 
of stillbirths occurs. These data are essential to inform interventions, such as maternal GBS vaccination.

Keywords. group B Streptococcus; stillbirth; stillborn; mortality; estimates.
 

There have been substantial reductions in under-5 childhood 
deaths worldwide, driven by the Millennium Development 
Goals, which ended in 2015 [1]. However, the burden of still-
births was not included in these goals and is considerable, with 
around 2.6 million stillbirths each year [2], similar to the num-
ber of deaths occurring during the neonatal period (2.7 million) 
[3]. Most stillbirths occur in low- and middle-income contexts, 
in sub-Saharan Africa (1.0 million) and South Asia (1.3 million).

Data on the causes of stillbirth are limited, and comparability 
of causes is challenging due to multiple classification systems [4]. 
Obstetric emergencies, including antepartum hemorrhage and 
maternal hypertensive disorders (preeclampsia and eclampsia), 
are important contributors [4]. Infection is also important, but 
apart from estimates for the contribution of maternal malaria, 
syphilis, and human immunodeficiency virus (HIV) [4], data 
on infectious causes of stillbirth are sparse [5].

Group B Streptococcus (GBS; Streptococcus agalactiae) mater-
nal colonization of the genitourinary tract is common, occur-
ring in approximately 10%–40% of women worldwide [6, 7]. 
Vertical transmission leads to high incidence of early onset 
(0–6  days of age) neonatal GBS disease (EOGBS), essentially 
(80%–90% of cases) manifesting within 24 hours after birth 
[8]. GBS has more recently been identified as an important 
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pathogen in neonatal disease in low-income contexts, including 
sub-Saharan Africa and India [9, 10].

In EOGBS and GBS-associated stillbirth, infection is likely 
due to ascending infection in utero from the maternal genito-
urinary tract, starting before delivery. Whole-genome sequenc-
ing studies demonstrate that GBS isolated at birth from the skin 
of newborns delivered by cesarean section are identical to those 
colonizing the mother. Furthermore, stillbirths with GBS iso-
lated from postmortem blood culture were genetically identical 
to maternal GBS colonizing isolates [11].

Understanding the contribution of GBS as a cause of still-
birth is important to design and implement preventive inter-
ventions. For EOGBS disease, 4 or more hours of intrapartum 
antibiotic prophylaxis, based either on maternal clinical risk 
factors or the presence of maternal GBS colonization from 
microbiological screening at 35–37 weeks’ gestation, is fre-
quently given in high-income contexts [12, 13]. However, 
this strategy is unlikely to prevent GBS-associated stillbirth 
occurring before labor and/or health facility attendance, where 
antibiotics could be administered. In contrast, maternal vacci-
nation could protect the fetus from invasive disease in utero. 
A trivalent GBS polysaccharide-protein conjugate vaccine was 
recently evaluated in phase 2 clinical trials among pregnant 
women [14].

We undertook a systematic review of the percentage of 
stillbirths associated with GBS worldwide as part of the total 
burden of GBS disease (Figure 1). This article is part of a sup-
plement estimating the burden of GBS disease in pregnant 
women, stillbirths, and infants, which is important in terms of 
public health policy [15]. This supplement includes systematic 
reviews and meta-analyses, which form input parameters to 
estimates, partly through a compartmental model [16]. These 
are reported individually according to international guidelines 
for improving estimation [17, 18]: maternal colonization [6], 
maternal GBS disease [19], preterm birth [20], use of intra-
partum antibiotic prophylaxis [12], risk of newborn disease 
[13], neonatal disease [10], neonatal encephalopathy [21], and 
impairment after neonatal disease [22]. These are used for esti-
mates of the burden of GBS in pregnant women, stillbirths, and 
infants worldwide [16].

The objectives of this review were (1) to undertake com-
prehensive, systematic literature reviews and meta-analyses to 
calculate the pooled percentage of stillbirths with evidence of 
GBS infection regionally and worldwide; (2) to use these data 
for estimates of the burden of GBS in pregnancy for women, 
stillbirth and infants; and (3) to evaluate gaps in the data and 
make recommendations to improve the data on GBS-associated 
stillbirth.

Figure 1. Group B Streptococcus (GBS)–associated stillbirth in disease schema for GBS, as described by Lawn et al [15].
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METHODS

This article is part of a wider study protocol entitled “Systematic 
estimates of the burden of GBS in pregnant women, stillbirths 
and infants worldwide.” It was submitted for ethical approval to 
the London School of Hygiene & Tropical Medicine (reference 
number 11966). We describe the general methods elsewhere; 
here we give details of methods specific to GBS-associated 
stillbirth.

Definitions

We used the World Health Organization definition of still-
birth—that is, birth of a fetus with no signs of life at ≥28 weeks’ 
gestation or weighing ≥1000  g [23]. Where gestational data 
were available, this was preferred as the birthweight threshold 
is not equivalent to 28 weeks’ gestation [24]. Confirmed cases 
of GBS-associated stillbirth were based on microbiological evi-
dence of invasive GBS disease, from a normally sterile site such 
as fetal blood (sampled from the umbilical cord or from the 
heart), lung aspirate, cerebrospinal fluid, or fetal tissues. Cases 
where GBS was only isolated from a potentially contaminated 
site (eg, placenta or amniotic fluid [other than by amniocente-
sis], gastric or tracheal aspirate) were not included.

Data Searches and Inputs

We identified data through systematic review of the published 
literature and through development of an investigator group ask-
ing clinicians, researchers, and relevant professional institutions 
worldwide. For this report, we did systematic literature searches 
of Medline, Embase, and Literatura Latino-Americana e do 
Caribe em Ciências da Saúde from 15 March 2015 to 1 February 
2017 to update a previous systematic review [25]. We did sys-
tematic literature searches of the World Health Organization 
Library Information System and Scopus on 1 February 2017. 
We searched databases with variants of terms related to “still-
birth/fetal mortality” and “group B Streptococcus.” Medical 
subject headings (MeSH) terms were used where possible (see 
Supplementary Table 1 for the full list of search terms). We 
did not apply language or date restrictions. We used snowball 
searches of article reference lists to identify additional studies 
[18]. Two independent investigators (A. C. S. and F. B. J.) per-
formed the database searches, screened titles for duplicates and 
for eligibility, and screened abstracts to assess their suitability 
for inclusion, and one investigator (A. C. S.) extracted data. The 
data extraction from full texts was compared to a recent system-
atic review [25] and, for any discrepancies, a second investigator 
(F. B. J.) reextracted the data.

Inclusion and Exclusion Criteria

We included studies having a defined population denomina-
tor, including all stillbirths in a facility, or occurring in a geo-
graphical location in a specified time period (Supplementary 
Table  2 for inclusion and exclusion criteria). We based case 

ascertainment on isolation of GBS identified through conven-
tional microbiological culture. We excluded studies where only 
stillbirths <28 weeks’ gestation were reported (outside of the 
World Health Organization definition), or where cultures were 
only taken from potentially nonsterile or contaminated sites.

Meta-analyses

Random-effects meta-analyses to estimate the percentage of 
GBS-associated stillbirth worldwide and by region were per-
formed using the DerSimonian and Laird method [26] for 
recent data (from the year 2000).

Sensitivity Analyses

Sensitivity analyses were done to assess (1) changes in time, 
and whether recent data (from 2000) differ in the percentage of 
GBS-associated stillbirth when studies reporting data from all 
years are included; and (2) changes by region and with time, and 
whether there was any difference in the proportion of stillbirth 
associated with GBS when studies from developed regions were 
categorized by year periods for median year of data collection.

RESULTS

Study Selection

We identified 303 records through the systematic searches; 14 
of these studies met the inclusion criteria. Six of the included 
studies (3 published articles [27–29] and 3 unpublished or 
updated datasets [30]) reported data collected from the year 
2000 onward (recent data), whereas 8 studies reported data col-
lected before 2000 (Figure 2 and Table 1) [31–37].

Study Characteristics

The characteristics of all 14 studies are summarized in Table 1. 
All were hospital based and included microbiological confirma-
tion of GBS from the fetus. Most (9/14 studies) were from devel-
oped countries, with 5 of 14 studies from sub-Saharan Africa. 
There were no studies from Asia or South America (Figure 3).

Of the 6 studies with data collection from the year 2000, 3 were 
from developed countries (Italy, England, and the United States) 
and 3 were from sub-Saharan Africa (Kenya, South Africa, and 
Mozambique). Study methods differed in the details of the micro-
biological evidence of GBS infection. In the largest study, from 
England [30], cases were diagnosed based on medical case records 
and autopsies. In the study from Italy [34], samples were taken 
from heart blood and in the study from the United States, sam-
ples were amniotic fluid taken by amniocentesis [29]. In the most 
recent studies from Kenya, South Africa, and Mozambique, the 
fetus was sampled after delivery: blood from the cord or a lung 
aspirate in the study from Kenya [27] and cord or heart-puncture 
blood sampling in the study from South Africa (personal commu-
nication, S. Madhi, April 2017) and the study from Mozambique 
examined multiple fetal organs, with GBS detection from both 
conventional culture and GBS polymerase chain reaction [41].
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GBS-Associated Stillbirth

The number of cases included overall was small; in studies that 
included data since 2000, there were 65 cases of confirmed 
GBS-associated stillbirth, from a total denominator of 893 

stillbirths (Table  1). The percentage of GBS-associated still-
births varied by region, being lower in developed countries 
with a pooled estimate of 1% (95% confidence interval [CI], 
0–2%) compared to 4% (95% CI, 2%–6%) in sub-Saharan 

Table 1. Group B Streptococcus–Associated Stillbirth: Characteristics of Studies and Data, All Years

Study, First Author Country Location Data Collection Year, Median Total Births Total Stillbirths
Total Infectious 

Stillbirths

Total GBS-
Associated 
Stillbirths

Hood [33] United States New Orleans 1958–1959 1958 NA 113 66 11
Bergqvist [39] Sweden Stockholm 1970–1975 1973 17 638 117 24 5
Christensen [40] Sweden Lund 1979–1980 1979 130 11 2 1
Ahlenius [32] Sweden Karolinska 1987–1989 1988 10 707 66 8 2
Tolockiene [31] Sweden Lund 1985–1994 1989 4130 117 32 2
Moyo [34] Zimbabwe Harare 1989–1991 1990 NA 66 43 8
Folgosa [35] Mozambique Maputo 1990–1991 1990 NA 58 41 0
Maleckiene [37] Lithuania Kaunas University 1996–1998 1997 NA 290 21 2
Embletona [30] England Newcastle 1981–2005 1992 906 068 179 139 37
Blackwell [29] United States Detroit 2000–2002 2001 NA 44 NA 1
Monari [28] Italy Modena 2005–2011 2009 NA 109 20 4
Seale [27] Kenya Kilifi 2013–2014 2013 NA 149 NA 4
Madhia South Africa Soweto 2014–2015 2014 NA 394 NA 16
Menéndez [41] Mozambique Maputo 2014 2014 NA 18 NA 3

Studies with all data collected before 2000 are noted in bold.

Abbreviations: GBS, group B Streptococcus; NA, not applicable.
aIncludes unpublished and/or updated data from the investigator group.

Figure 2. Data search and included studies on group B Streptococcus–associated stillbirth.
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Africa (Figure 4). There was moderate heterogeneity between 
studies (I2 = 69%).

Sensitivity Analyses

First, when studies reporting data from all years were included, for 
developed countries the pooled estimate was similar at 2% (95% 
CI, 1%–3%) and for sub-Saharan Africa 4% (95% CI, 1%–7%) 

(Supplementary Figure 1). Second, when studies from developed 
regions were categorized by year periods for median year of data 
collection, the pooled estimate was higher in the earliest studies 
(1961–1978) with a percentage of 6% (95% CI, 3%–10%) in still-
births. The pooled estimate was the same in studies from 1981 to 
2000 at 1% (95% CI, 0–1%) and slightly higher in 2 recent studies 
(2000–2017) at 3% (95% CI, 1%–3%) (Supplementary Figure 2).

Figure 3. Geographic distribution of data on group B Streptococcus (GBS)–associated stillbirth (all years). Borders of countries/territories in map do not imply any political 
statement.

Figure 4. Pooled estimates (with 95% confidence interval [CI]) of proportion of group B Streptococcus (GBS)–associated stillbirth for regions with data since 2000, split by 
region (5 studies, N = 89).
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DISCUSSION

GBS is an important component of the worldwide burden of 2.6 
million stillbirths, accounting for around 1% (95% CI, 0–2%) 
of stillbirths in developed countries and 4% (95% CI, 2%–6%) 
in sub-Saharan Africa. This burden and the opportunities for 
reduction are especially important in Africa, where the num-
ber of stillbirths is high (1.1 million), and approximately 4% are 
associated with GBS disease. In terms of the worldwide mortal-
ity burden of GBS, stillbirths may be far more important than 
neonatal deaths [16].

Estimates are limited, however, by the available data. The stud-
ies have biases in terms of access to care, samples taken, case defi-
nitions, and laboratory methods. Access to care may increase or 
decrease the percentage of GBS-associated stillbirth, depending 
on whether prenatal care reduces GBS-associated stillbirth, or if 
hospital delivery is more likely in mothers who notice a reduc-
tion or a cessation in fetal movements. If samples are not taken 
systematically, with limited numbers of sample sites (such as just 
fetal blood) case ascertainment will be reduced, as GBS could 
be detected in lung aspirate or, possibly, cerebrospinal fluid. In 
Mozambique, the percentage of GBS-associated stillbirth was 
very high (17% [95% CI, 4%–41%]), which may be due to the 
high number of samples taken, increasing the probability of 
detecting GBS [41]. While molecular methods which were used 
would be more sensitive, all of these cases also had GBS isolated 
on conventional culture, so this does not explain the difference.

An important gap is that, for much of the world, there are 
no data on GBS-associated stillbirth, and the wide confidence 
intervals in regions where there are datasets reflect the limited 
data from these areas However, the data gap is particularly 
critical in Asia. In South and Southeast Asia, >1 million of the 
world’s 2.6 million stillbirths occur and there is also uncertainty 
regarding the burden of infant GBS disease. This is reflected by 
lower prevalence of maternal GBS colonization, and possible 
differences in the virulence of GBS strains, with less serotype III, 
commonly associated highly invasive clonal complex 17, iden-
tified [6]. However, this is less applicable to EOGBS and GBS-
associated stillbirth, where there appears from limited data to 
be more diverse serotypes [10, 11]. It is thus possible that there 
is an unrecognized burden of GBS-associated stillbirth and 
EOGBS disease in the first 24 hours after birth, which has not 
been identified with limited data on GBS disease at, or shortly 
after, delivery in South and Southeast Asia where, until recently, 
the majority of births occurred outside of health facilities.

The limited data reflect both the worldwide lack of attention to 
counting stillbirths [4], and to investigation of the causes of still-
birth, even in high-income contexts, where most data on this sub-
ject are historic. The lower prevalence of GBS-associated stillbirth 
reported in more recent data from developed regions is more 
likely to reflect changes in obstetric care, including increased fetal 
monitoring, where signs of fetal distress in utero would lead to 
prompt delivery and treatment. Historically this would have been 

less likely to be detected, as is likely now in low-income and some 
middle-income contexts, which may increase the proportion of 
GBS-associated stillbirth in these contexts, compared to EOGBS 
disease. This may account for more differences between contexts 
than intrapartum antibiotic prophylaxis, which would be likely to 
be given too late to reduce GBS-associated stillbirths.

The data gap for stillbirth is far greater than that for neonates, 
where investigations are more common, although still limited in 
low- and middle-income settings [10, 38]. Improving the data 
on GBS-associated stillbirth is critical in terms both of assessing 
the case for a maternal GBS vaccine and for future maternal 
GBS vaccine trials. Intrapartum antibiotic prophylaxis, used 
to reduce EOGBS disease, is unlikely to be effective for still-
births where infection and death may occur prior to the onset 
of labor. Improving surveillance and research data will require 
standardizing sampling with consensus on the number of sam-
ples taken (and from where), as well as the use of appropriate 
laboratory methods, maximizing sensitivity with conventional 
microbiological methods and assessing the specificity of molec-
ular methods for GBS detection in stillbirth.

CONCLUSIONS

GBS is likely an important, potentially preventable, cause of 
stillbirth, especially in Africa. Improving the data across geog-
raphies, particularly South and Southeast Asia, is important, as 
well as establishing standard investigations and case definitions 
for understanding the burden of disease and for future maternal 
GBS vaccine trials (Table 2).

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding author.

Notes
Author contributions. The concept of the estimates and the technical 

oversight of the series was led by J. E. L. and A. C. S. The reviews, analyses 
and first draft of the paper were undertaken by A. C. S. with H. B. and S. A. 
M.  Other specific contributions were made by F.  B. J., N.  E., Q.  B., J.  O., 

Table 2. Key Findings and Implications

What’s new about this?
• These are the first pooled estimates of the percentage of group B 
Streptococcus (GBS)–associated stillbirth, suggesting that 4% of still-
births in Africa may be associated with GBS, and 1% in developed 
regions.

What was the main finding?
• GBS is an important contributor to stillbirth, particularly in Africa. GBS is 

likely to account for more deaths in utero, than after delivery.
How can the data be improved?
• There is a critical need for more data; in terms of the geographies covered, 

particularly in South Asia, and in standardization of sampling strategies, 
laboratory methods, and case definitions.

What does it mean for policy and programs?
• An effective GBS vaccine could prevent stillbirths, especially in low- and 

middle-income contexts.
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Background. Preterm birth complications are the leading cause of deaths among children <5 years of age. Studies have sug-
gested that group B Streptococcus (GBS) maternal rectovaginal colonization during pregnancy may be a risk factor for preterm 
delivery. This article is the fifth of 11 in a series. We aimed to assess the association between GBS maternal colonization and preterm 
birth in order to inform estimates of the burden of GBS.

Methods. We conducted systematic literature reviews (PubMed/Medline, Embase, Latin American and Caribbean Health 
Sciences Literature [LILACS], World Health Organization Library Information System [WHOLIS], and Scopus) and sought unpub-
lished data from investigator groups on the association of preterm birth (<37 weeks’ gestation) and maternal GBS colonization (GBS 
isolation from vaginal, cervical, and/or rectal swabs; with separate subanalysis on GBS bacteriuria). We did meta-analyses to derive 
pooled estimates of the risk and odds ratios (according to study design), with sensitivity analyses to investigate potential biases.

Results. We identified 45 studies for inclusion. We estimated the risk ratio (RR) for preterm birth with maternal GBS coloniza-
tion to be 1.21 (95% confidence interval [CI], .99–1.48; P = .061) in cohort and cross-sectional studies, and the odds ratio to be 1.85 
(95% CI, 1.24–2.77; P = .003) in case-control studies. Preterm birth was associated with GBS bacteriuria in cohort studies (RR, 1.98 
[95% CI, 1.45–2.69]; P < .001).

Conclusions. From this review, there is evidence to suggest that preterm birth is associated with maternal GBS colonization, 
especially where there is evidence of ascending infection (bacteriuria). Several biases reduce the chance of detecting an effect. Equally, 
however, results, including evidence for the association, may be due to confounding, which is rarely addressed in studies. Assessment 
of any effect on preterm delivery should be included in future maternal GBS vaccine trials.

Keywords. group B Streptococcus; preterm delivery; preterm labor; colonization; bacteriuria.
 

There are approximately 15 million preterm (<37 weeks’ gesta-
tion) births worldwide in a year; an estimated 11% of all live births 
[1]. Complications of preterm birth are the most common direct 
cause of death in children <5 years of age, accounting for 15% of 
all child deaths and 35% of all neonatal deaths worldwide [2–4]. 

Preterm birth is also an indirect contributor in approximately 
half of all neonatal deaths, through interaction with other direct 
causes such as neonatal infection [1]. Beyond this, preterm birth 
can result in long-term disability among survivors, including 
neurodevelopmental and cognitive disorders, visual and hearing 
impairment, motor disorders, risk of severe infections, and long-
term metabolic, cardiovascular, and mental health disorders [5].

Preterm birth is a risk factor for invasive bacterial disease, 
including group B Streptococcus (GBS; Streptococcus agalactiae) 
infections in the newborn [6–8]. However, evidence for the 
association between maternal colonization or infection and pre-
term birth, with bacteria such as GBS, is unclear [9, 10]. A pre-
vious systematic review investigating the association between 
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maternal GBS colonization and preterm birth demonstrated 
conflicting findings [11]. Associations were detected between 
maternal GBS colonization and preterm birth in cross-sectional 
and case-control studies, when cultures were performed at 
delivery, but not in longitudinal cohort studies, when cultures 
were performed earlier in pregnancy.

The putative mechanism for preterm birth from colonization 
and/or infection relates to specific changes in bacterial flora in 
the vagina and, in some cases, overgrowth that may increase the 
risk of ascending infection through the cervix, resulting in bacte-
rial infection of fetal membranes and decidua causing: (1) secre-
tion of proteases that degrade the extracellular matrix within the 
fetal membranes, and/or (2) a host inflammatory response with 
cytokine production, and stimulation of prostaglandin and pro-
tease synthesis, which increases uterine contractility and results 
in preterm delivery [9, 12, 13]. This is supported by recent work 
in animal models which shows that GBS produces extracellular 
membrane vesicles that, through certain virulence factors and 
toxins, lead to extraplacental membrane weakening, degradation 
of collagen, and preterm birth [14]. The authors also demon-
strated that the association with preterm birth was independent 
of having culture of GBS present in the amniotic fluid; that is, the 
extracellular membrane vesicles led to a “sterile intra-amniotic 
inflammation” that induced preterm birth [14].

This article assesses the risk of preterm birth associated with 
maternal GBS colonization (Figure 1) and is part of a supplement 
estimating the burden of GBS disease in pregnant women, still-
births, and infants, which is important in terms of public health 
policy, particularly vaccine development [15]. The supplement 
includes systematic reviews and meta-analyses on GBS coloni-
zation, and adverse outcomes associated with GBS around birth 
[16–23], which form input parameters used for estimates of the 
burden of GBS, partly through a compartmental model [24].

The specific objectives of this article are as follows:

1. To undertake a comprehensive and systematic literature 
review and meta-analyses to assess (i) the association 
between maternal GBS colonization and preterm birth, and 
(ii) the association between GBS isolated from urine or cho-
rioamnion cultures and preterm birth;

2. To assess these data to inform estimates (if appropriate) for 
the contribution of preterm birth to the total burden of GBS 
in pregnancy for women, stillbirths, and infants;

3. To evaluate the gaps in the data and recommend how to 
improve the data on the association between maternal GBS 
colonization and preterm birth.

METHODS

This article is part of a wider study protocol entitled “Systematic 
estimates of the burden of GBS worldwide in pregnant women, 
stillbirths and infants.” It was submitted for ethical approval to 

the London School of Hygiene & Tropical Medicine (reference 
citation 11966) and approved on 30 November 2016.

Definitions

Preterm delivery is defined as delivery prior to completion of 37 
weeks’ of gestation (measured by ultrasound, fundal height, or 
date of last menstrual period [LMP]). Preterm labor is defined 
as the occurrence of frequent uterine contractions (a specific 
number in a specific time period, eg, 1 every 5–8 minutes) plus 
cervical dilatation >1 cm and cervical effacement (≥50%) before 
37 weeks’ gestation (details of study characteristics are shown in 
Supplementary Materials).

Maternal GBS colonization was defined as GBS isolated from 
vaginal, cervical, and/or rectal swabs from pregnant women. 
Studies reporting maternal GBS isolation from urine or chorio-
amnion cultures were analyzed separately.

Search Strategy and Selection Criteria

We identified data through systematic review of the published 
literature and from an investigator group of clinicians, research-
ers, and relevant professional institutions worldwide. For this 
paper, we did systematic literature searches in Medline, Embase, 
Scopus, the World Health Organization Library Information 
System (WHOLIS), and Literature in the Health Sciences in Latin 
America and the Caribbean (LILACS) from 20 to 25 October 
2016, and updated these on 6 February 2017. The search terms for 
preterm delivery were consistent with those used for estimating 
the burden of preterm birth [25], including variants of the terms 
“preterm birth,” “premature,” and “preterm labor,” and were com-
bined with search terms for “GBS” or “Streptococcus agalactiae.” 
Medical subject heading (MeSH) terms were used where possi-
ble. The full list of search terms is presented in Supplementary 
Table 1. The search was limited to humans and there were no lan-
guage or date restrictions. Case reports, case series, and reviews 
were excluded, as well as studies without an appropriate com-
parison group (studies that measured preterm delivery within a 
group of women in preterm labor) (Supplementary Table 2). We 
used snowball searches of article reference lists including reviews 
to identify additional studies.

One investigator performed the database search, screened 
for duplicates and screened titles for eligibility, and selected 
abstracts to assess their eligibility for inclusion. Two inde-
pendent investigators (F. B.  J.  and M.  K. L.) assessed the 
full-length articles previously selected to determine their 
inclusion and extracted data. Where there was discrepancy 
between 2 reviewers, a third investigator (A. S.) made the 
final decision.

Studies were assessed for bias using specific criteria (study 
site, sampling and laboratory methods for GBS detection, and 
measurement of gestational age), and the effects of these criteria 
were investigated in sensitivity analyses.
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Meta-analyses and Sensitivity Analyses

Data from each study were extracted into standard Excel forms 
and imported to Stata 14 software (StataCorp) for meta-anal-
yses. We used random-effects meta-analyses to estimate risk 
ratios and odds ratios using the DerSimonian and Laird method 
[26]. Meta-analyses were done for each study design (case-con-
trol, cross-sectional, and cohort). For cohort and cross-sectional 
studies, a pooled risk ratio was calculated, and for case-control 
studies a pooled odds ratio was calculated.

We did sensitivity analyses to see if there was misclassifica-
tion in the exposure or outcome resulting in bias. These were:

1. Exposure classification: reducing misclassification through 
increasing sensitivity of detection through sample site and labora-
tory method (rectovaginal sampling and broth enrichment) [16];

2. Exposure classification: to evaluate effect of using nonse-
lective laboratory methods and cervical and upper vaginal 
sampling, which could reflect detection of more heavily colo-
nized women;

3. Exposure classification: reducing misclassification through 
including only studies where mothers were reported to have 
not used antibiotics during pregnancy or at least 1 week 
before the culture sample was taken;

4. Exposure classification: timing of sample-taking, comparing 
samples which were taken in antenatal visits or at delivery;

5. Outcome classification: reducing misclassification by including 
only studies that described how gestational age (GA) was measured 
and if methods used were LMP, fundal height, and/or ultrasound;

6. Outcome classification: reducing overestimation of effect if 
relationship is nonlinear by excluding different thresholds for 
the definition of preterm (or if definition not specified).

RESULTS

Study Selection

We identified 3617 records from databases of published lit-
erature; 1 unpublished dataset and 9 records were identified 
through snowball searches. After the selection process, 45 stud-
ies were included in this systematic review (Figure 2) (LeDoare, 
unpublished data) [27–70].

Study Characteristics

Most studies (33/45) were from developed countries, including 
8 from the United States, and 22 from Europe. There were fewer 
studies from low- and middle-income contexts (12/45), includ-
ing Africa (2), Middle-Eastern Asia (5), South-Eastern Asia 
(1), East Asia (3), and Latin America (1) (Figure 3) (LeDoare, 
unpublished data) [27, 31, 35, 41, 46, 48, 61–64, 68]. Of all 
studies, there were 11 case-control studies, 31 cohort studies 
(8 of which were retrospective cohorts), and 6 cross-sectional 

Figure 1. Preterm birth in the disease schema for group B streptococcal disease, as described by Lawn et al [15]. Abbreviations: GBS, group B Streptococcus; NE, neonatal 
encephalopathy.
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studies. Sometimes studies included >1 study design and we 
included the results for each in the appropriate meta-analysis 
[36, 46]. From these, 2 case-control studies and 9 cohort studies 
were included in the separate subanalysis on GBS bacteriuria.

In terms of the exposure, the prevalence of maternal 
GBS colonization reported in studies ranged from 1.4% to 
48.4% (median, 12.5%), and the prevalence of preterm birth  

ranged from 1.8% to 46.7% (median, 9.1%). Further details of 
the included studies are shown in Supplementary Table 3.

Meta-analyses and Sensitivity Analyses

There was some evidence of an association between maternal GBS col-
onization and preterm birth in cohort and cross-sectional studies (risk 
ratio [RR], 1.21 [95% confidence interval {CI}, .99–1.48]; P =  .061) 

Figure 3. Countries where published and unpublished data were found for the analyses. Borders of countries/territories in map do not imply any political statement.

Figure 2. Search strategy and study selection for analyzing the potential association between maternal group B Streptococcus (GBS) colonization and preterm birth.



Preterm Birth Associated With GBS Maternal Colonization • CID 2017:65  (Suppl 2) • S137

Preterm Birth Associated With GBS Maternal Colonization

and in case-control studies (odds ratio [OR], 1.85 [95% CI, 1.24–2.77]; 
P = .003) (Figure 4). For the studies that used urine samples or other 
sources to identify patients as GBS carriers, there was strong evidence 
that maternal GBS bacteriuria was associated with preterm birth 
(RR, 1.98 [95% CI, 1.45–2.69], P < .001, n = 9; and OR, 1.97 [95% CI, 
.65–5.98], P = .232, n = 2, for cohort studies compared with case-con-
trol studies, respectively) (Supplementary Figures 1 and 2).

The results for all sensitivity analyses are detailed in Table 1 
and summarized below.

1. Exposure classification (sampling and laboratory fac-
tors): lower point estimate for cohort and cross-sectional 
studies using rectovaginal sampling and nonselective 
media excluded. For case-control studies, no evidence 
of an association was found, in contrast to the initial 
analysis. However, as only 3 studies were included in 
this analysis, this result may be due to reduced power to 
detect the association (Table 1; Supplementary Figures 3 
and 4).

Figure 4. Pooled estimates of association between preterm birth and maternal group B Streptococcus (GBS) colonization, split by study design. A, Cohort or cross-sectional 
studies by time of maternal GBS screening. B, Case-control studies. Abbreviations: CI, confidence interval; OR, odds ratio.



S138 • CID 2017:65  (Suppl 2) • Bianchi-Jassir et al

Bianchi-Jassir et al

2. Exposure classification (women with heavy colonization): 
Cohort studies using nonselective medium and sampling 
from the cervix or upper vagina (only to detect more heavily 
colonized women) showed a strong association with preterm 
delivery. Likewise, there was a strong evidence of association in 
case-control studies (Table 1; Supplementary Figures 5 and 6).

3. Exposure classification (prior antibiotic use): higher point 
estimate in both cohort and case-control studies, but no evi-
dence of association in cohort studies that excluded women 
using antibiotics. Only 4 cohort studies were included in 

sensitivity analysis, reducing the power to detect the associa-
tion (Table 1; Supplementary Figures 7 and 8).

4. Exposure classification (sample timing): The point estimate 
was higher when samples were taken during delivery/labor 
(RR, 1.43 [95% CI, .97– 2.11]), than when taken in ante-
natal visits (RR, 1.20 [95% CI, .85–1.68]), but confidence 
intervals were overlapping for both estimates (Table 1 and 
Figure 4).

5. Outcome classification (GA): Point estimates were simi-
lar to initial analysis, in studies that measured GA by LMP, 

Table 1. Pooled Estimates of Association Between Preterm Birth and Maternal Group B Streptococcus Colonization, According to Study Design, and 
Results From Sensitivity Analyses to Show Various Potential Biases in Exposure and Outcome

Meta-analysis/Sensitivity Analysis Rationale
No. of Studies 

Included Point Estimate (95% CI) P Valuea

Cohort and cross-sectional studies Main analysis from GBS isolated from vaginal, cervi-
cal, and/or rectal swabs from pregnant women

28 RR = 1.21 (.99–1.48) .061

 Exposure classification- (sam-
pling and laboratory factors)

Reducing misclassification through increasing sen-
sitivity of detection through sample site and lab-
oratory method (rectovaginal sampling and broth 
enrichment)

12 RR = 1.02 (.85–1.22) .862

 Exposure classification (heavily 
colonized women)

Using nonselective laboratory methods and cervical 
and upper vaginal sampling to evaluate effect of 
detecting more heavily colonized women

8 RR = 1.65 (1.03–2.64) .036

 Exposure classification (prior 
antibiotic use)

Reducing misclassification through including only 
studies where mothers were reported to have 
not used antibiotics during pregnancy or at least 1 
week before the culture sample was taken

4 RR = 1.48 (.61–3.62) .387

 Exposure classification (sample 
timing)

Timing of sample-taking, 
comparing samples that 
were taken in antenatal 
visits or at delivery

Antenatal screening 12 RR = 1.20 (.85–1.68) .297

At delivery or labor 10 RR = 1.43 (.97–2.11) .071
Antenatal and/or at 

delivery
5 RR = 0.96 (.74–1.23) .731

 Outcome classification (gesta-
tional age measurement)

Reducing misclassification by including only studies 
that described how gestational age was measured 
and if methods used were last menstrual period, 
fundal height, and/or ultrasound

9 RR = 1.14 (.79–1.65) .493

 Outcome classification (preterm 
definition)

Reducing overestimation of effect if relationship is 
nonlinear by excluding different thresholds for the 
definition of preterm (or if definition not specified)

23 RR = 1.07 (.92–1.25) .388

Case-control studies Main analysis from GBS isolated from vaginal, cervi-
cal, and/or rectal swabs from pregnant women

9 OR = 1.85 (1.24–2.77) .003

 Exposure classification (sam-
pling and laboratory factors)

Reducing misclassification through increasing sen-
sitivity of detection through sample site and lab-
oratory method (rectovaginal sampling and broth 
enrichment)

3 OR = 1.35 (.33–5.60) .676

 Exposure classification (heavily 
colonized women)

Using nonselective laboratory methods and cervical 
and upper vaginal sampling to evaluate effect of 
detecting more heavily colonized women

4 OR = 2.08 (1.19–3.62) .010

 Exposure classification (prior 
antibiotic use)

Reducing misclassification through including only 
studies where mothers were reported to have 
not used antibiotics during pregnancy or at least 1 
week before the culture sample was taken

5 OR = 2.32 (1.61–3.34) <.001

 Outcome classification (gesta-
tional age measurement)

Reducing misclassification by including only studies 
that described how gestational age was measured 
and if methods used were last menstrual period, 
fundal height, and/or ultrasound

3 OR = 1.86 (1.15–2.99) .011

 Outcome classification (preterm 
definition)

Reducing overestimation of effect if relationship is 
nonlinear by excluding different thresholds for the 
definition of preterm (or if definition not specified)

6 OR = 2.21 (1.59–3.08) <.001

Abbreviations: CI, confidence interval; GBS, group B Streptococcus; OR, odds ratio; RR, risk ratio.
aP value of significance test of RR = 1 or OR = 1.
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ultrasound, and/or fundal height. In case-control studies, 
where there might be recruitment bias toward more preterm 
babies included in the studies, there was still evidence of an 
association (OR, 1.86 [95% CI, 1.15–2.99]; P = .011) (Table 1; 
Supplementary Figures 9 and 10).

6. Outcome classification (preterm definition): No changes in the 
association were observed when studies with different thresh-
olds for the definition of preterm were excluded in the sensitiv-
ity analysis (Table 1; Supplementary Figures 11 and 12).

DISCUSSION

There is some evidence, from this comprehensive review, that GBS 
is associated with preterm birth. There is a consistent increase in 
risk of preterm birth in women with maternal GBS colonization, 
which is stronger in case-control studies compared to cohort or 
cross-sectional studies. In addition, where there is evidence of 
ascending infection with maternal GBS bacteriuria, the associ-
ation with preterm birth is stronger, which is biologically plau-
sible. Our findings are potentially important, and we have made 
extensive attempts to consider study design and address specific 
biases, learning from challenges in previous reviews. However, 
considerable limitations remain, and these results could still be 
affected by bias or confounding, as discussed below.

In terms of the data included, we are limited in terms of geo-
graphical distribution, with most data from high-income con-
texts, and the potential sources of bias we were able to assess 
based on reported sampling strategies, microbiological meth-
ods, and gestational age measurement.

Our sensitivity analyses are specifically aimed to address 
misclassification, but the reduction in power through exclusion 
of studies likely limited the ability to detect true association. 
Interestingly, however, in terms of sensitivity of exposure, it 
may actually be easier to detect an association when less sen-
sitive sampling methods are used. Rectovaginal sampling and 
broth enrichment increase sensitivity of detection [71] in 40% 
and 90%, respectively [16], but excluding less sensitive methods 
did not identify an association. Conversely, using nonselective 
medium and sampling from the cervix or upper vagina (less 
sensitive methods that would detect more heavily colonized 
women), showed a strong association with preterm delivery 
(RR, 1.65 [95% CI, 1.03–2.64]) for cohort and cross-sectional 
studies. This is consistent with studies reporting associations 
in women considered heavily colonized [60] and the associa-
tion we identified between maternal bacteriuria (which reflects 
denser colonization) and ascending infection, which was more 
strongly associated with preterm birth.

Our sensitivity analysis suggested that antibiotic use near or 
at delivery may also affect findings, and could bias the results 
toward the null if women with complications are given anti-
biotics and GBS is thus not detected. In future studies it will 
be important to take into account the receipt and timing of 

antibiotics in pregnancy. In terms of the timing of the sample, 
earlier sampling may increase misclassification due to reac-
quisition of bacteria, so repeated sampling through pregnancy 
could be important to test the association.

In terms of outcome measurement, uncertainty in gesta-
tional age dating will increase misclassification. This may be 
nondifferential in cohort and cross-sectional studies, which 
would bias findings toward the null, but may be differential 
in case-control studies, with recruitment bias toward more 
preterm babies included in the study and thus overestimation 
of the effect. This may account for the differences in findings 
and some uncertainty in both. Another study found no differ-
ences in the effect estimates for GBS colonization and prema-
ture delivery when measured by ultrasound or by date of LMP 
[37], but due to the small number of studies here we could not 
compare results according to the method used for gestational 
age dating. We note that the inconsistencies in GA assessment 
would be even more marked in data from middle-income and 
especially low-income contexts, where GA measurement is 
challenging; usually using fundal height and sometimes LMP. 
Given that three-quarters of preterm births are in sub-Saharan 
Africa and South Asia, more data, with consistent GA, are cru-
cial for future studies [72].

The results presented here may, however, be subject to con-
founding (due to factors associated with both maternal GBS 
colonization and preterm birth). This could change the effect 
in either direction. Adjustment for confounding factors has 
increased the effect size in several studies [27, 29, 35, 36, 62], 
but this may be context specific [16]. It is important that con-
founding factors are considered, including known risk factors 
for preterm birth such as low socioeconomic status, black race, 
low body mass index, previous preterm birth, multiple gesta-
tion, short interpregnancy interval, and the use of tobacco or 
illicit drugs [9], and risk factors for GBS colonization such as 
age at pregnancy, interpregnancy interval, previous abortions, 
and level of education [73, 74]. These should be incorporated 
into multivariable modeling strategies.

To better answer this important research question, more 
data are needed with optimized and standardized methodol-
ogies reported systematically, particularly from low- and mid-
dle-income contexts [75]. The optimal study design would be 
a large, longitudinal prospective study including multiple sites, 
with accurate exposure and outcome measurement, and repeat 
sampling at intervals in pregnancy. This should include meas-
urement of gestational age, preferably based on first-trimester 
ultrasound, samples taken from rectovaginal swabs and isolated 
in selective enrichment broth (ideally with quantification of 
GBS colonization), adjustment for use of antibiotics (including 
timing of receipt of antibiotics during pregnancy), and meas-
urement and adjustment of known risk factors for both preterm 
delivery and GBS colonization. However, this is challenging to 
achieve in health systems in low- and middle-income contexts 
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where resources are limited. An alternative approach would be 
an intervention vaccine-probe study, which would overcome 
the problems of bias and confounding and could be done as part 
of a maternal GBS vaccine study.

CONCLUSIONS

We found some evidence of an association between mater-
nal GBS colonization and preterm birth. Misclassification is 
likely to reduce the effect size of risk and/or odds ratios, so this 
may be underestimated. However, results may also be subject 
to confounding, which could influence the findings in either 
direction. Current prevention strategies (based on intrapartum 
antibiotic prophylaxis) are too late to prevent preterm birth 
associated with GBS colonization. A future maternal GBS vac-
cine targeted against maternal GBS colonization or the mech-
anism downstream of colonization leading to preterm birth, 
and administered during the appropriate timing of pregnancy, 
could be useful and should be included in any maternal GBS 
vaccine trial (Table 2).
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Background. Intrapartum antibiotic chemoprophylaxis (IAP) prevents most early-onset group B streptococcal (GBS) disease. 
However, there is no description of how IAP is used around the world. This article is the sixth in a series estimating the burden of 
GBS disease. Here we aimed to review GBS screening policies and IAP implementation worldwide.

Methods. We identified data through (1) systematic literature reviews (PubMed/Medline, Embase, Literature in the Health 
Sciences in Latin America and the Caribbean [LILACS], World Health Organization library database [WHOLIS], and Scopus) and 
unpublished data from professional societies and (2) an online survey and searches of policies from medical societies and profession-
als. We included data on whether an IAP policy was in use, and if so whether it was based on microbiological or clinical risk factors 
and how these were applied, as well as the estimated coverage (percentage of women receiving IAP where indicated).

Results. We received policy information from 95 of 195 (49%) countries. Of these, 60 of 95 (63%) had an IAP policy; 35 of 
60 (58%) used microbiological screening, 25 of 60 (42%) used clinical risk factors. Two of 15 (13%) low-income, 4 of 16 (25%) 
lower-middle–income, 14 of 20 (70%) upper-middle–income, and 40 of 44 (91%) high-income countries had any IAP policy. The 
remaining 35 of 95 (37%) had no national policy (25/33 from low-income and lower-middle–income countries). Coverage varied 
considerably; for microbiological screening, median coverage was 80% (range, 20%–95%); for clinical risk factor–based screening, 
coverage was 29% (range, 10%–50%). Although there were differences in the microbiological screening methods employed, the 
individual clinical risk factors used were similar.

Conclusions. There is considerable heterogeneity in IAP screening policies and coverage worldwide. Alternative global strate-
gies, such as maternal vaccination, are needed to enhance the scope of global prevention of GBS disease.

Keywords. group B Streptococcus; intrapartum antibiotic chemoprophylaxis. 

Group B Streptococcus (GBS; Streptococcus agalactiae) is a lead-
ing cause of early-onset disease in infants (EOGBS), defined as 
disease occurring on days 0–6 after birth [1]. Colonization of 
the maternal genitourinary or gastrointestinal tract [2] is a pre-
requisite for EOGBS disease [3, 4], with vertical transmission 
of GBS to babies occurring at or just before birth. The admin-
istration of intrapartum antibiotics aims to prevent EOGBS 

and is traditionally targeted based on known GBS coloniza-
tion and/or the presence of peripartum clinical risk factors [4]. 
The potential mechanisms for prevention of EOGBS include 
reduction or suppression of maternal vaginal GBS colonization 
and thereby reduction of vertical transmission [5]. In addition, 
intrapartum antibiotic chemoprophylaxis (IAP) may allow the 
early treatment of GBS chorioamnionitis or fetal infection [6].

IAP has been recommended in the United States by the 
Centers for Disease Control and Prevention, American College of 
Obstetrics and Gynecologists, American Academy of Pediatrics, 
American Society for Microbiology, and American College of 
Nurse-Midwives since the early 1990s, with the first consensus 
policy in 1996 [7]. Initially the United States recommended both 
risk-based and microbiological screening. However, a large mul-
ticenter cohort study in 2002 [8] found microbiological screening 
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to be superior in this setting. Subsequently, policy was changed to 
recommend microbiologic screening (using a rectovaginal swab) 
for GBS colonization at 35–37 weeks’ gestation or among women 
with threatened preterm delivery and unknown colonization 
status, and administration of high-dose intravenous benzylpen-
icillin or ampicillin in labor among those GBS colonized [4, 9]. 
Additionally, women with GBS bacteriuria or a previous infant 
with GBS disease as well as women with unknown colonization 
status and intrapartum risk factors such as prolonged rupture of 
membranes or maternal fever, are offered IAP in labor. A signif-
icant reduction in the incidence of EOGBS has been reported 
since the introduction of IAP policies [4, 9]; EOGBS disease in 
the United States declined from 1.7 per 1000 live births in the 
1990s to 0.21 per 1000 live births in 2015 [10]. However, a recent 
Cochrane review found that although IAP may reduce the inci-
dence of EOGBS, it did not result in a significant reduction in the 
mortality associated with EOGBS [11]. The review was critical of 
the quality of the studies included and considered there to be a 
high risk of bias in their methodology and execution.

Other countries such as the United Kingdom and the 
Netherlands have introduced IAP polices based on the pres-
ence of clinical risk factors. Risk factors used include preterm 
labor (<37 weeks) or premature or prolonged preterm rupture 
of membranes, GBS bacteriuria, previous infant with GBS dis-
ease, and maternal pyrexia (temperature >38°C) [12–14]. The 
use of clinical risk factor–based IAP strategies rather than 
microbiological screening is based on the assessment that the 
introduction of routine microbiological screening may not be 
cost-effective and that clinical risk factor–based IAP may result 
in fewer women being exposed to the potential risks associ-
ated with widespread antibiotic use [14, 15]. There is currently 
no international consensus as to whether IAP is best achieved 
through microbiological screening or based on the presence of 
clinical risk factors. There is evidence from the United States 
that the incidence of EOGBS has declined since the introduc-
tion of clinical screening strategies, although a larger propor-
tion of women are treated with IAP using clinical as opposed to 
risk-based strategies [8]. Any consensus regarding IAP strate-
gies should take potentially opposing points into consideration.

This review is part of a supplement estimating the burden 
of GBS disease in pregnant women, stillbirths, and infants, 
an important topic that has important implications for public 
health policy as well as for future vaccine development [16]. The 
supplement includes systematic reviews and meta-analyses on 
GBS colonization, and adverse outcomes associated with GBS 
around birth [1, 2, 17–22], which form input parameters to a 
compartmental model (Figure 1) [23]. These are reported indi-
vidually and according to international guidelines [24, 25].

The objectives of this review are:

1. To undertake a comprehensive and systematic literature 
review, and a survey of national obstetric and gynecological 
societies, to assess the presence of IAP policies worldwide, 

the strategies and methods used, and where possible, cover-
age or the status of implementation;

2. To assess these data for input into estimating the global bur-
den of GBS in pregnancy, stillbirth, and infants;

3. To summarize the data gaps to inform future strategies for 
the prevention of GBS disease, including maternal vaccina-
tion, globally.

METHODS

This article is part of a protocol entitled “Systematic estimates 
of the global burden of Group B Streptococcus in pregnant 
women, stillbirths and infants,” which was submitted for ethical 
approval to the London School of Hygiene & Tropical Medicine 
(reference number 11966) and approved on 30 November 2016.

Data Searches and Inputs

We identified data through 2 sources: (1) systematic review of 
the published literature and (2) reviews of online policies and 
an online survey submitted to clinicians, researchers, and rele-
vant professionals worldwide.

Literature Searches

We undertook systematic literature searches of Medline, 
Embase, Literature in the Health Sciences in Latin America 
and the Caribbean (LILACS), Scopus, and the World Health 
Organization library database (WHOLIS). The literature search 
was updated on 20 January 2017. We used the search terms 
“antibiotics,” “intrapartum,” “group B Streptococcus,” and “col-
onization” with no date or language restrictions (full search 
terms are listed in Supplementary Table  1). We additionally 
searched the China Academic Journals Full-Text Database 
(with a time restriction of 3 years), and a Russian online data-
base (Cyberleninka) with no date restrictions, as these data are 
often not present on classical database searches. We abstracted 
the data from articles in foreign languages alongside translators 
where available and used automatic translation if native speakers 
were unavailable.

Reviews of Online Policies and an Online Survey

We searched for online policies of all 130 countries listed on 
the International Federation of Gynecology and Obstetrics 
(FIGO) website [26] to identify the latest policies. In addition, 
we designed an online survey (Supplementary Materials 2) 
and approached the World Health Organization (WHO) Safer 
Childbirth Group, FIGO, the Royal College of Obstetricians 
and Gynaecologists, and the European Society for Paediatric 
Infectious Diseases to disseminate to their members.

Inclusion and Exclusion Criteria

Two authors (K. L. D. and K. T.) independently abstracted data 
onto standard Excel data entry forms. Policies were reviewed 



Intrapartum Antibiotic Chemoprophylaxis for GBS • CID 2017:65  (Suppl 2) • S145

Intrapartum Antibiotic Chemoprophylaxis for GBS

according to the inclusion and exclusion criteria below. For 
any discrepancies, a third researcher (M. O.) was consulted. 
We included any document detailing IAP policy and strat-
egy: microbiological screening (including sample site of swab 
and gestation of screening), clinical risk factors, the type and 
route of antibiotic administered, and an estimate of IAP cover-
age within that country. We excluded any policy that had been 
revoked or was under review (Supplementary Table 2).

To ensure results were current, we selected the latest available 
policy from each country. The hierarchy of policy documents, 
based on their likely accuracy, was as follows: (1) national pol-
icy document available from relevant national association; (2) 
national policy available from published literature; (3) national 
policy available from survey participant.

We categorized countries into 4 groups: (1) no IAP policy or 
low implementation (0%); (2) microbiological screening pol-
icy with limited implementation (defined as <50% of eligible 
women receiving IAP); (3) clinical risk factor–based screening 
with high implementation (defined as >50% of eligible women 
receiving IAP); (4) universal microbiological screening policy 
with high implementation (defined as ≥50% of eligible women 
receiving IAP). We did an ecological analysis comparing coun-
try IAP policy by category with EOGBS disease incidence as a 
scatterplot.

RESULTS

Study Selection

We identified 853 articles, of which we retained 60 after title and 
abstract screening for review of full texts (Figure 2). We excluded 
a further 15 articles after full-text review as these either presented 
duplicate data (n = 7), did not have policy data in the main text 
(n = 3), or did not make full text available (n = 5), leaving 45 arti-
cles for inclusion in the analysis. Of these, details of policy were 
already available from 30 national policy documents, leaving 15 
articles containing additional policy information.

Using the international list of obstetric and gynecological 
societies listed on the FIGO website, we identified online policy 
documents from 42 countries and received responses that there 
was no national policy from 19 countries through FIGO. Of the 
remaining 71 countries, either there was no society website or 
no working email address, or the contacts did not reply to the 
FIGO email, despite receiving a read-receipt.

We received responses from 265 participants to our survey 
(Figure 2). We excluded 238 due to duplicate entries with iden-
tical responses from participants in the same country (n = 142), 
incomplete responses (n  =  32), or because policy documents 
had already been received from the country’s obstetric associa-
tion and survey responses matched the country policy (n = 72), 
leaving 19 unique survey responses. Details are reported in 

Figure 1. Intrapartum antibiotic chemoprophylaxis in disease schema for group B streptococcal (GBS) disease, as described by Lawn et al [16].
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Supplementary Table 3. The final dataset included policies from 
95 countries (FIGO = 61; original articles = 15; survey = 19)

Intrapartum Antibiotic Chemoprophylaxis Policy and Implementation 
Strategies

Sixty of 95 countries had a national IAP policy. The strategies 
used varied: 25 of 60 (42%) used a risk factor–based approach 
and 35 of 60 (58%) used both microbiological screening and 
risk factor approaches. Thirty-five of 95 (37%) countries had 
no national policy. Within these, there were reports of policies 
from hospitals or localities in 9 countries. Of these, 5 of 35 

used rapid screening at point of labor only and 4 of 35 used 
risk factor approaches. Figure 3 shows countries where IAP 
policies were identified and Figure 4 shows IAP policy type 
globally.

Intrapartum Antibiotic Chemoprophylaxis Policy by Region and 
Income Status

We received responses concerning IAP policy from all regions. 
All developed region countries had an IAP policy (34/34). Other 
regions varied with the majority of countries in sub-Saharan Africa 
(3/20) and East Asia (1/3) reporting no IAP policy (Table 1).

Figure 2. Flowchart of intrapartum antibiotic chemoprophylaxis policy data identified through systematic searches and other means. Abbreviations: FIGO, International 
Federation of Gynecology and Obstetrics; GBS, group B Streptococcus; IAP, intrapartum antibiotic chemoprophylaxis; PRISMA, Preferred Reporting Items for Systematic 
Reviews and Meta-analyses.
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The majority of countries reporting no policy came from low 
and lower-middle–income countries (25/33 [76%]). Two coun-
tries had limited IAP strategies, reported as risk-based screen-
ing in hospitals run by the charitable organization Médecins 
sans Frontières. Of countries reporting any IAP policy, 4 of 
16 (25%) were from lower-middle–income countries (all risk-
based screening policies). In upper-middle–income countries, 
8 of 20 reported microbiological policy and 6 of 20 risk-based 
policy, whereas in high-income countries, 24 of 44 had micro-
biological and 16 of 44 risk-based policies. (Supplementary 
Table 3).

For countries with an IAP policy, implementation var-
ied both within and between countries. Implementation was 
more frequently reported as high in countries with microbio-
logical screening (median, 80% [range, 20%–95%]) compared 
to countries with clinical risk factor–based approaches (29% 
[range, 10%–50%]). Policy documents estimating implementa-
tion varied from estimates based on clinician reporting, espe-
cially in countries using clinical risk factor–based approaches, 

where clinician reporting was lower than that reported in policy 
documents.

Microbiological Screening for Intrapartum Antibiotic Chemoprophylaxis 
Administration

In 35 countries reporting microbiological screening (30 national 
screening, 5 hospital-level screening), women were usually 
screened at 35–37 weeks’ gestation. Two countries (Bulgaria and 
Japan) offered additional microbiological screening at 20 weeks’ 
gestation. In 5 countries (Poland, Bangladesh, Iran, Thailand, 
and Trinidad and Tobago), individual hospitals offered point-
of-care screening using polymerase chain reaction when women 
presented in labor, in addition to screening at 35–37 weeks’ ges-
tation. The estimated coverage of these guidelines varied greatly 
and ranged from 20% in Brazil to 89% in the United States 
and Belgium (median, 80%). Where microbiological screening 
methods were reported (n  =  35), 21 reported sampling both 
the rectum and vagina either with separate (n = 2) or combined 
(n = 19) swabs, and 14 used only vaginal swabs.

Figure 3. Distribution of national policies for maternal group B Streptococcus screening and administration of intrapartum antibiotics. Borders of countries/territories in 
map do not imply any political statement.

Figure 4. Distribution of policies for maternal group B Streptococcus screening by type of policy. Borders of countries/territories in map do not imply any political statement.
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Clinical Risk Factors for Intrapartum Antibiotic Chemoprophylaxis 
Administration

Twenty-five countries reported IAP based on clinical risk fac-
tors (14 national, 11 regional/hospital). There was little var-
iation in risk factors used to determine the need for IAP. All 
recommended IAP use if a previous infant had GBS disease; the 
majority (23/25) also recommended IAP for preterm prolonged 
rupture of membranes, premature rupture of membranes >18 
hours (PROM), or maternal GBS bacteriuria. The clinical risk 
factors are listed in Table 2.

Two middle-income countries reported IAP administra-
tion based on clinical risk factors (Kenya and South Africa). 
However, responses from the online survey suggest that cover-
age of this policy in these countries was low.

Clinician Responses to Survey Compared to National Policy

There was considerable variation in the survey responses 
between countries concerning the question “Does your coun-
try have a national policy for intrapartum antibiotics to prevent 
neonatal group B streptococcal disease?” In countries with risk-
based screening policies, one-third of respondents answered 
“no,” although their obstetric societies have published national 
guidance. There was no discrepancy in countries reporting 
microbiological screening approaches.

Antibiotics Administered

The majority of policies (50/60) recommended intravenous 
penicillin–based antibiotics (38/50 penicillin, 12/50 ampicillin) 
and clindamycin in cases of confirmed penicillin allergy. Six 
countries recommended a cephalosporin rather than penicillin 
and 4 countries in South America and 2 in Asia recommended 
additional vancomycin because of concerns about a theoretical 
risk of developing antibiotic resistance in their populations in 
patients with penicillin allergy.

Effect of Screening Policy on EOGBS Incidence in Countries Reporting 
Both National Policy and National EOGBS Incidence

EOGBS incidence data were available for 32 countries: 12 
reporting a microbiological and risk-based strategy, 15 report-
ing a clinical risk factor strategy, and 5 reporting no national 
policy. The results are presented in Figure 5. Broadly, EOGBS 
incidence was lower in countries with a microbiological and 
clinical risk–based policy [1].

DISCUSSION

This review of IAP policies to prevent EOGBS disease repre-
sents the first systematic review and survey of GBS screening 
policies to date, with data from 95 countries of the 195 United 
Nations member states. It clearly demonstrates that IAP policy, 
strategy, and implementation are heterogeneous and different 
disease burden estimates and healthcare systems have led to a 
range of IAP approaches. This may imply that opportunities for 
prevention of EOGBS are being missed in some settings.

Whereas the WHO advocates screening for GBS during 
pregnancy, it also recognizes that screening for all pregnant 
women—especially in settings with known low maternal col-
onization prevalence, low-resource countries, and/or countries 
where provision of care is limited—is difficult to implement. The 
WHO therefore recommends that IAP should be implemented 

Table  2. Clinical Risk Factors Used as a Basis for Antibiotic 
Administration to Reduce Group B Streptococcal Disease at Delivery

Risk Factor No. of Countries Reporting (n = 25)

Previous infant with GBS 25
GBS in urine 23
PROM >18 h 23
PROM >24 h 2
Premature labor 23
Maternal fever 20
Chorioamnionitis 2

Abbreviations: GBS, group B Streptococcus; PROM, premature rupture of membranes.

Figure 5. Scatterplot of early-onset disease incidence by national intrapartum 
antibiotic chemoprophylaxis (IAP) policy type.

Table 1. Intrapartum Antibiotic Chemoprophylaxis by Region and Income 
Status

Region Responses IAP Policy Microbiological
Risk Factor 

Based No Policy

Developed 
regions

34 34 22 12 0

East Asia 3 1 0 1 2
Latin 

America
12 9 7 2 3

North Africa 3 1 0 1 2
Southeast 

Asia
7 5 3 2 4

South Asia 7 4 1 2 3
Sub-Saharan 

Africa
20 3 0 2 17

West Asia 9 5 2 3 4

Abbreviation: IAP, intrapartum antibiotic chemoprophylaxis.



Intrapartum Antibiotic Chemoprophylaxis for GBS • CID 2017:65  (Suppl 2) • S149

Intrapartum Antibiotic Chemoprophylaxis for GBS

within the context of local policy and guidance on screening 
for GBS colonization [27]. In our study, low- and middle-in-
come countries more frequently reported having no IAP policy 
as compared to high-income countries. There were exceptions 
to this; for example, both Kenya and South Africa had national 
IAP policies, although the survey suggested that implementa-
tion and coverage were low. In countries where access to skilled 
care is limited, or where the majority of births occur at home 
(eg, in some low-income countries where up to 80% of births are 
at home), implementation of IAP will always pose a challenge.

Other concerns relate to the acceptability of screening by 
women in high-income countries, especially the use of vaginal 
and rectal swabs and increased interventions during pregnancy 
that will limit the implementation of any IAP strategy.

It is estimated that >40% of women in the United States now 
receive antibiotics in labor, either for the prevention of EOGBS 
disease or to prevent postpartum infections following cesar-
ean delivery [28]. Such widespread use of antibiotics in preg-
nancy has been raised as a concern, both in terms of potential 
impact on antimicrobial resistance and on possible long-term 
consequences in infants exposed in utero or around the time of 
birth. For example, an increase in infections due to Escherichia 
coli, especially in preterm infants, was demonstrated, follow-
ing widespread IAP use in the United States [29, 30]. However, 
despite almost 20 years of IAP use, there is no evidence for this 
in large epidemiological studies in the United States [31]. Other 
issues include maternal anaphylaxis to β-lactams [32]. More 
theoretical concerns include the effect of maternal antibiotic 
use on the maternal and infant gut and skin flora, on the neo-
natal microbiome, and on subsequent immunological priming 
[33]. Alterations in the neonatal intestinal microbiome have 
been associated with increased rates of allergy, asthma, and 
obesity [34]. This is an area that requires further investigation 
in countries that offer IAP.

A maternal GBS vaccine may be the ideal solution to help 
reduce the burden of neonatal GBS disease in all settings. 
Implementation of a vaccine is likely to be higher than suc-
cessful administration of IAP, especially in low- and middle-in-
come settings and will protect against at least 75% of EOGBS. 
However, in some high-income settings, it may be feasible to 
combine with IAP when vaccination might be unavailable or 
suboptimal [35].

Our study also provides important additional information 
on national policies through its searches outside of scientific 
literature. However, responses from individual clinicians may 
not necessarily be representative of the different levels of health-
care and of health facilities that exist within a country, and we 
acknowledge the limitations to this approach. In high-income 
contexts, countries using both microbiological and clinical risk 
factor–based approaches for IAP had low reported EOGBS inci-
dence [1]. We cannot assume causality, however, as this finding 
may reflect other differences in healthcare such as access to care. 

We were also unable to correlate reported EOGBS incidence 
with the introduction of IAP policy in all of these countries, 
as policy may have been put into place after EOGBS data were 
collected. The reliability of data on implementation coverage of 
policies are hard to verify, and we have therefore categorized 
them using very broad thresholds (< 50% or >50%). This is 
important in terms of understanding the burden of disease; the 
category influences the risk of EOGBS disease [2] at an indi-
vidual level, and is thus important in terms of a compartmental 
approach to modeling disease burden [16].

In conclusion, local, national, and international policies 
should be informed by the strongest evidence for the preven-
tion of EOGBS and might require tailored solutions to succeed. 
Future GBS vaccines may offer the best opportunity to prevent 
EOGBS in any setting, with better implementation than policies 
for IAP currently in use (Table 3).

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding author.

Notes
Author contributions. The concept of the estimates and the technical 

oversight of the series were led by J. E. L. and A. C. S. The reviews, analyses, 
and first draft of the manuscript were undertaken by K. L. D. with K. T., F. S., 
M. O., B. K., A. C. S., J. E. L., and P. T. H. Survey design was undertaken by K. 
L. D. and K. T. The GBS Estimates Expert Advisory Group (C. J. B., L. B., C. 
C., M. G. G., M. I., S. A. M., C. E. R., S. K. S., S. S., A. S.-t. M., J. V.) contributed 
to the conceptual process throughout, notably on the disease schema and 
data inputs. The IAP investigator group (Angela Ramoni, Rikke Bek Helmig, 
Kaarin Makikallio, Tengiz Asatinai, Menachem Fisher, Michael Feinstein, Oz 
Yuval, Matan Elami Suzin, Vered Eisenberg, Alberto Berardi, Indi Trehan, 

Table 3. Key Findings and Implications

What’s new about this?
• GBS is an important perinatal pathogen. IAP is the most widely practiced 

intervention for preventing early onset GBS, yet no worldwide data exists 
regarding national policies or levels of implementation. This is the first sys-
tematic review of IAP policies based on published data, online survey, and 
reviews of national policies.

What was the main finding?
• Data were identified on IAP policy for 95 countries (of 195 UN member 

states). Content on policy approach by country included microbiological 
screening and which antibiotics used.

How can the data be improved?
• There is no current means to routinely track GBS IAP policy at the national 

level, and it would be beneficial to include in the WHO annual Maternal 
Neonatal and Child Health policy survey. Data for implementation/cover-
age are even harder to identify; therefore, it is difficult to assess program 
status or effect.

What does it mean for policy and programs?
• Variable policies—and in some countries internal inconsistencies in report-

ing of policies, and likely even more variable implementation between 
and within countries. These data are relevant in considering maternal GBS 
vaccination—which may be more likely to reach the poorest at higher cov-
erage than IAP and also be easier to track in national policy.

Abbreviations: GBS, group B Streptococcus; IAP, intrapartum antibiotic chemoprophylaxis; 
UN, United Nations; WHO, World Health Organization.
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Background. Early-onset group B streptococcal disease (EOGBS) occurs in neonates (days 0–6) born to pregnant women who 
are rectovaginally colonized with group B Streptococcus (GBS), but the risk of EOGBS from vertical transmission has not been sys-
tematically reviewed. This article, the seventh in a series on the burden of GBS disease, aims to estimate this risk and how it varies 
with coverage of intrapartum antibiotic prophylaxis (IAP), used to reduce the incidence of EOGBS.

Methods. We conducted systematic reviews (Pubmed/Medline, Embase, Latin American and Caribbean Health Sciences 
Literature (LILACS), World Health Organization Library Information System [WHOLIS], and Scopus) and sought unpublished 
data from investigator groups on maternal GBS colonization and neonatal outcomes. We included articles with ≥200 GBS colonized 
pregnant women that reported IAP coverage. We did meta-analyses to determine pooled estimates of risk of EOGBS, and examined 
the association in risk of EOGBS with IAP coverage.

Results. We identified 30 articles including 20 328 GBS-colonized pregnant women for inclusion. The risk of EOGBS in settings 
without an IAP policy was 1.1% (95% confidence interval [CI], .6%–1.5%). As IAP increased, the risk of EOGBS decreased, with a 
linear association. Based on linear regression, the risk of EOGBS in settings with 80% IAP coverage was predicted to be 0.3% (95% 
CI, 0–.9).

Conclusions. The risk of EOGBS among GBS-colonized pregnant women, from this first systematic review, is consistent with 
previous estimates from single studies (1%–2%). Increasing IAP coverage was linearly associated with decreased risk of EOGBS 
disease.

Keywords. group B Streptococcus; Streptococcus agalactiae; vertical transmission; risk; neonatal sepsis. 

Maternal colonization with group B Streptococcus (GBS; 
Streptococcus agalactiae) is the most important risk factor for 
early-onset (0–6 days) invasive neonatal GBS disease (EOGBS). 
However, the risk of EOGBS in newborns born to GBS-colonized 
pregnant women has not previously been systematically reviewed 
and quantified. The first and most frequently referenced study is 
from 1973, where 1 infant among 46 pregnant women with vagi-
nal GBS colonization developed EOGBS [1]—that is, around 2% 

risk. However, this was before intrapartum antibiotic prophylaxis 
(IAP) became established in high-income contexts.

Since the 1970s and 1980s [1–8], several observational stud-
ies and randomized controlled trials have demonstrated that 
IAP reduces the risk of EOGBS [9–17], using either microbi-
ological screening (rectovaginal colonization) [16, 18] or clini-
cal risk factors for EOGBS, such as preterm labor (<37 weeks), 
prolonged rupture of membranes (PROM) (>18 hours), mater-
nal fever (≥38.0°C [100.4°F]), or suspicion of chorioamnionitis 
[18–21]. The risk of EOGBS disease may therefore vary, accord-
ing to maternal GBS colonization prevalence, IAP policy, and 
effectiveness of IAP implementation.

This article, assessing the risk of neonatal disease in pregnant 
women colonized with GBS, is part of a supplement estimat-
ing the burden of GBS disease in pregnant women, stillbirths, 
and infants, which is important in terms of public health policy, 
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particularly vaccine development (Figure  1), as outlined else-
where [22]. The supplement includes systematic reviews and 
meta-analyses on GBS colonization and maternal and birth 
adverse outcomes associated with GBS [23–30], which form 
input parameters to a compartmental model to estimate the 
global burden of GBS [31].

The specific objectives of this paper are as follows:

1. To provide a comprehensive and systematic literature review 
and meta-analyses to assess the following parameters: (i) 
risk of EOGBS in settings without an IAP policy, (ii) risk 
of EOGBS at varying levels of IAP implementation (using a 
microbiological screening policy);

2. To assess the data for possible use for estimating the burden 
of EOGBS disease;

3. To evaluate the gaps in the data and recommend what should 
be done to improve the data on risk of EOGBS.

METHODS

This article is part of a protocol entitled “Systematic estimates 
of the global burden of GBS in pregnant women, stillbirths and 

infants,” submitted for ethical approval to the London School 
of Hygiene & Tropical Medicine (reference number 11966) and 
approved on 30 November 2016.

Definitions

Maternal GBS colonization was defined as isolation by culture 
of GBS from either the vagina (high or low), rectum, or perianal 
region during pregnancy. EOGBS was defined as GBS disease 
confirmed by microbiological culture of blood or cerebrospi-
nal fluid (CSF) taken on days 0–6 [28]. We assumed that blood 
or CSF samples were obtained for a clinical indication. We 
excluded cases of “probable” GBS sepsis, where clinical or lab-
oratory signs of infection were accompanied only by neonatal 
GBS colonization, and cases of clinically suspected pneumonia 
with GBS detected in tracheal aspirates, or urinary tract infec-
tions. Intrapartum antibiotic prophylaxis (IAP) was defined as 
intravenous antibiotics given at any time during labor for the 
prevention of EOGBS in GBS-colonized pregnant women. 
Coverage of IAP refers to the proportion of women who 
received IAP, regardless of the timing of administration. Studies 
were categorized as having a policy of IAP for GBS colonization 
if they aimed to provide IAP to all colonized pregnant women 
regardless of risk factors.

Figure 1. Risk of early onset neonatal disease in the disease schema for group B Streptococcus, as described by Lawn et al [22]. Abbreviations: GBS, group B Streptococcus; 
NE, neonatal encephalopathy.
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Data Searches and Inputs

We identified data through systematic review of the published 
literature and through development of an investigator group of 
clinicians, researchers, and relevant professional institutions 
worldwide. For this article, all articles from a review of mater-
nal GBS colonization [23] were reviewed for inclusion here. In 
addition, we searched reference lists of clinical trials [32, 33], 
and related systematic reviews [21, 34, 35] (Supplementary 
Table 1). There were no date or language restrictions. Articles 
were screened by 2 authors (N. R. and C. O.), both of whom 
independently assessed the studies for quality and risk of bias, 
and a third author’s opinion (A. S.) was requested in cases of 
differences of opinion.

Articles were included if they described a cohort of preg-
nant women with vaginal or rectovaginal GBS colonization, 
including newborn disease outcomes, and described use 
of IAP, including the proportion of pregnant women who 
received it (if any policy). Studies where women were not sys-
tematically screened for GBS colonization, but were provided 
with IAP based on clinical risk factors with unknown GBS 
colonization status, were not included. To reduce selection 
bias in studies with very small cohorts of pregnant women 
colonized with GBS, which could overestimate the risk of 
GBS disease through preferential reporting, articles were 
included if they reported outcomes from at least 200 pregnant 
women colonized with GBS. This was based on the 1%–2% 
risk of EOGBS previously reported, and the estimated num-
ber of women among whom there would be expected to be at 
least 1 case [1].

Studies were assessed for potential bias as reported in 
Supplementary Table 2. Articles were excluded if there was evi-
dence of recruitment bias, such as studies where rectovaginal 
sampling was in response to clinical risk (which may overesti-
mate disease risk) [19, 21].

We used random-effects meta-analyses to estimate the risk 
of EOGBS using the DerSimonian and Laird method [36]. We 
examined the relationship between IAP coverage and risk of 
EOGBS with linear regression.

Sensitivity analyses were done to explore bias in studies that 
did not include reporting on clinical risk factors for EOGBS. 
These analyses included:

1. Excluding studies that did not report presence or absence of 
any clinical risk factors;

2. Excluding studies without information on gestational age;
3. Excluding studies without reporting of PROM;
4. Excluding studies without reporting of maternal fever.

These sensitivity analyses were applied to studies regardless of 
IAP policy and then to those with and without IAP for GBS 
colonization separately.

RESULTS

Study Selection

From a total of 6128 articles identified through the search 
on maternal colonization [23] and references lists of relevant 
reviews, we identified 30 articles that met the inclusion crite-
ria, 14 of which included cohorts of pregnant women without 
a policy of providing IAP to all women with GBS colonization 
(Figure 2).

Study Characteristics

The majority of studies were observational (25/30), with 5 
of 30 randomized controlled trials (of IAP or vaginal chlor-
hexidine aiming to reduce neonatal sepsis). Eligible articles 
included 20 328 pregnant women colonized with GBS and 101 
cases of EOGBS. Nine articles were from North America and 
15 were from Europe, with 3 studies from Asia and 3 studies 
from Africa (The Gambia, Kenya, and South Africa; Figure 3). 
(See Supplementary Table 3 for study characteristics.) Of the 
included studies, 7 of 30 did not report the prevalence of clinical 
risk factors for EOGBS at delivery, and could therefore be sub-
ject to bias. Among studies reporting the prevalence of clinical 
risk factors, the prevalence of prolonged rupture of membranes 
(defined by most studies as >18 hours, one study as >24 hours) 
was 8% (9 studies), maternal fever (≥38.0°C) was 3% (6 studies), 
and prematurity (<37 weeks) was 5% (11 studies). A number 
of studies did not directly report on risk factors but reported 
proxy measures such as median birth weights (as a proxy for 
gestation).

Outputs From Meta-analyses and Linear Regression

In settings without a policy of providing IAP for GBS coloniza-
tion, the risk of EOGBS in newborns of GBS colonized mothers 
was 1.1% (95% confidence interval [CI], .6%–1.5%) (Figure 3). 
Among the studies in this review where there was a policy of 
providing IAP for GBS colonization (including women who 
received IAP, as well those who missed IAP), the overall risk of 
EOGBS was much lower (0.03% [95% CI, 0–.07%]; Table 1 and 
Supplementary Figure  1), with a mean IAP coverage of 75%. 
When all studies were included, regardless of IAP policy, with 
increasing IAP coverage the risk of EOGBS decreased. Figure 4 
shows IAP coverage against risk of EOGBS. This graph (linear 
regression line) can be used to estimate the risk of EOGBS based 
on different estimates of IAP coverage. Table 2 shows the var-
ying expected risk of EOGBS with different coverage levels of 
IAP based on the linear association. For example, with coverage 
of IAP of 80%, the risk of EOGBS would be expected to be 0.3% 
(95% CI, 0–0.9%). Note that where “no coverage” is reported, 
this does not imply no antibiotics during labor, as antibiotics 
may have been administered for other indications.

In the context of a policy of IAP for GBS colonization, studies 
did not consistently report the timing of administration of IAP, 
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so analysis of the varying risk of invasive disease with the timing 
of the first antibiotic dose before delivery was not possible [37]).

Multiple sensitivity analyses were done to explore poten-
tial bias from the lack of reporting of clinical risk factors for 
EOGBS. These were as follows:

Excluding Studies That Did Not Report Presence or Absence of Any 
Clinical Risk Factors

The risk of EOGBS did not differ significantly between stud-
ies that reported risk factors and those that did not, as shown 
by overlapping confidence intervals (Supplementary Table  4). 
Excluding studies that did not report any risk factor, the risk of 
EOGBS without IAP for GBS colonization was 0.9% (95% CI, 
.4%–1.4%). Including all studies regardless of IAP policy, over-
all risk was also not significantly different (0.3 [95% CI, .1–.4] in 
all vs 0.3 [95% CI, .1–.5] if reporting a risk factor).

Excluding Studies Without Information on Gestational Age

The risk without IAP for GBS colonization among studies 
reporting gestational age of newborns was 0.9 (95% CI, .2–1.5).

Excluding Studies Without Reporting of Prolonged Rupture of Membranes

The risk without IAP for GBS colonization among studies 
reporting prevalence of PROM was 0.8 (95% CI, .5–1.5).

Excluding Studies Without Reporting of Maternal Fever

The risk without IAP for GBS colonization among studies 
reporting maternal fever was comparable to the primary analy-
sis (1.4 [95% CI, .4–2.3]).

The outputs of these analyses, as well as the same analyses 
but including studies with IAP policies, and all studies, are 
summarized in Supplementary Table  4 and Supplementary 
Figures 2–6). These outputs were also comparable to the pri-
mary analysis.

DISCUSSION

The risk of EOGBS was 1.1% (95% CI, .7%–1.6%) for newborns 
born to women colonized with GBS in pregnancy without a 
policy of providing IAP for positive GBS screening. As IAP 
coverage increased the risk of EOGBS decreased, with a linear 

Figure 2. Data search and included studies for risk of early-onset neonatal invasive group B streptococcal disease in the presence of maternal colonization.
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relationship. This clear association allows assessment of risk of 
EOGBS in a population of GBS-colonized pregnant women, 
based on expected coverage of IAP.

This is the most comprehensive review to date of the risk of 
EOGBS disease in newborns born to pregnant women colonized 
with GBS. These results are consistent with previous studies [1, 
38–41], but provide more robust estimates of the risk of EOGBS 
among pregnant women colonized with GBS and, importantly, 
how this varies with and without IAP. The inclusion of data from 
both high- and low-income contexts means the estimated risks 
are generalizable, and support estimates modeling disease burden 
where there are different IAP policies and coverage of IAP [27].

Some studies could have been biased because risk factors for 
EOGBS (prematurity, prolonged rupture of membranes ≥18 
hours and maternal fever ≥38.0°C) were not reported. However 
in the case of prematurity, one of the most important risk factors 
for EOGBS [21], sensitivity analyses did not provide any evidence 
that the risk of EOGBS when including studies reporting gesta-
tional age differed from the primary analysis (0.9% [95% CI, .2%–
1.5%] vs 1.1% [95% CI, .6%–1.5%]). Nevertheless, the prevalence 
of prematurity of 5% among the studies which reported propor-
tion of preterm births, compared to a global estimate of preterm 
birth of 11.1% [42], suggested that preterm newborns may have 
been under-represented. In addition, most preterm neonates 
included were late preterm (35–36 weeks) or moderate preterm 
(≥32 weeks), because swabs for GBS screening are not routinely 
collected before 35 weeks’ gestation, creating a moderate selec-
tion bias. As most (84%) preterm deliveries occur after 32 weeks 
[43], and the majority of EOGBS occur in term newborns [18, 
44–47], the degree of bias is likely to be modest. Underestimation 
of risk may also occur due to misclassification of the exposure. 
Maternal GBS colonization varies during pregnancy, and women 
detected as GBS colonized very early in pregnancy may no longer 
be colonized at delivery, but their newborns would be included as 
exposed, lowering the overall risk estimate.

Other known clinical risk factors for EOGBS disease, pro-
longed rupture of membranes (≥18 hours) or maternal fever 
(>38°C), were not frequently reported. However, the prevalence 

Figure 3. Meta-analysis of risk of early-onset disease without intrapartum antibiotic prophylaxis for group B Streptococcus (GBS) colonization. (Including 6649 GBS-
colonized pregnant women and 85 early-onset GBS cases.) Abbreviations: CI, confidence interval; EOGBS, early-onset group B Streptococcus; ES, estimate; GBS, group B 
Streptococcus.

Table  1. Summary of Risk of Early-Onset Group B Streptococcus by 
Intrapartum Antibiotic Prophylaxis Policya

IAP Policy

No. of GBS- 
Colonized 
Mothers

No. of Early- 
Onset GBS 

Cases Pooled Estimates (Worldwide)

No IAP policy 6649 85 1.1 (95% CI, .6–1.5)
IAP policyb 

(varying 
coverage)

13 348 16 0.03 (95% CI, 0–.07)

Abbreviations: CI, confidence interval; GBS, group B Streptococcus; IAP, intrapartum anti-
biotic prophylaxis.
aSee Meta-analyses in the Supplementary Materials.
bNot including randomized controlled trials.
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of both of these risk factors seems low [48, 49], and in many 
study settings fever was likely to result in antibiotic treatment. 
Both of these factors would likely lead to underestimation of the 
risk of EOGBS disease.

Significant underestimation of risk may also have been 
through inadequate case ascertainment, which is limited by the 
sensitivity of blood cultures. Furthermore, use of IAP may steri-
lize blood cultures without reducing clinical disease to the same 
extent. Indeed “probable” cases of EOGBS, where clinical signs 
of sepsis are associated with GBS colonization in newborns 
without other positive bacteriology, may represent a much 
higher incidence of disease than that based on positive blood 

cultures alone [50, 51]. Such cases are difficult to quantify, how-
ever, and were not included in this review. Case ascertainment 
is also reduced if newborns are not adequately followed up for 
the full 0- to 6-day early-onset period, but as the majority of 
EOGBS cases occur in the first 24 hours after birth, this reduces 
the possible underestimation [28].

Although less likely, overestimation is possible, as the majority 
of studies included were in hospital settings and could select for a 
higher risk group of women. Another source of overestimation, 
but applying only to a minority of studies (4 studies) included, 
was the use of insensitive microbiological methods (lack of selec-
tive enrichment) to detect GBS maternal colonization. This could 
overrepresent women with high density of GBS colonization, and 
thus increased risk of vertical transmission to their newborns [21].

There are likely other factors modifying the risk of EOGBS in 
the presence of maternal GBS colonization, leading to chang-
ing risk in different settings. These could be genetic, especially 
relating to ethnicity, but this was insufficiently described to per-
mit further analyses. Serotypes and sequence type clonal com-
plexes colonizing mothers may also be important, but sufficient 
paired data linking maternal colonizing serotypes with new-
born invasive disease were not available to estimate any varying 
risk. Comorbidities may also be important; recent studies have 
suggested a higher risk of GBS disease in human immunodefi-
ciency virus (HIV)–exposed as well as HIV-infected newborns 
(despite similar colonization prevalence), although this appears 
to have a greater effect on late-onset disease [46, 52].

This review included studies from 4 continents, but the 
majority of studies were from high-income contexts (United 
States or Europe). Applying a risk from high-income contexts to 
low- and middle-income contexts, where access to hospital care 
is limited, may underestimate disease as there may not be anti-
biotic treatment available, even in cases of clinically suspected 
maternal sepsis. There are other factors that may vary across 
settings, such as the proportion of births by elective cesarean 
delivery. Although emergency cesarean delivery in labor after 
ruptured membranes may not significantly change the risk of 
EOGBS with a GBS-colonized mother (risk will vary and may 
be higher depending on the indications for the procedure [53]), 
elective cesarean delivery before the onset of labor or rupture of 
membranes is associated with a much lower risk of EOGBS [54], 
which was not possible to quantify in this review. Therefore, set-
tings with high rates of elective cesarean delivery before labor 
may have a lower risk of EOGBS than described here.

Importantly, this review should not be interpreted as imply-
ing no risk of EOGBS disease in newborns of pregnant women 
who test negative for GBS, as there may be false-negative results, 
and women may become colonized after screening and before 
delivery. In the context of high coverage of microbiological 
screening and IAP, a significant proportion of newborns with 
EOGBS disease are born to pregnant women who tested nega-
tive (or were not tested) for GBS colonization [41, 55].

Table  2. Relationship Between Coverage of Intrapartum Antibiotic 
Prophylaxis and Risk of Invasive Early-Onset Group B Streptococcal (GBS) 
Disease From Cohorts of GBS-Positive Mothers From Linear Regression 
Model

Setting
Estimated 
Coverage

Risk  
(95% CI)

Risk Reduction  
(95% CI)

High coverage of 
microbiological 
screening-based 
policy (eg, US)

80%a 0.3% (0–.9%) 79.2% (45.5%–113%)

Microbiological 
screening-based 
policy with limited 
implementation

40% 0.9% (.4%–1.5%) 40% (6%–73%)

Risk-based strategy 
with high imple-
mentation, and ad 
hoc screening

60%b 0.6% (.1%–1.2%) 59% (26%–93%)

Risk-based strat-
egy with high 
implementation

50%b 0.8% (.3%–1.3%) 50% (16%–83%)

Abbreviations: CI, confidence interval; US, United States.
aBased on US data on estimated coverage of GBS-positive pregnant women with screen-
ing and intrapartum antibiotic prophylaxis [56]
bTheoretical estimated coverages based on data that approximately 40% (or more) of new-
borns with early onset are born to pregnant women with no risk factors [19].

Figure 4. Risk of early-onset disease with varying intrapartum antibiotic proph-
ylaxis coverage of group B Streptococcus (GBS)–colonized pregnant women. 
(Including 20 328 GBS-positive pregnant women and 101 early-onset GBS cases.) 
Abbreviations: CI, confidence interval; IAP, intrapartum antibiotic prophylaxis.
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Overall, our study shows the risk of EOGBS disease in GBS 
colonized pregnant women is at least 1 in 100, which is reduced 
with increasing IAP coverage based on microbiological screen-
ing. The risk is likely underestimated and will lead to a con-
servative minimum estimate of the burden of GBS disease in 
newborns in a compartmental model (Table 3).
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• This review provides a robust, but minimum, estimate of the risk of 

EOGBS given the population prevalence of maternal GBS colonization and 
estimated IAP coverage.

Abbreviations: EOGBS, early-onset group B Streptococcus; GBS, group B Streptococcus; 
IAP, intrapartum antibiotic prophylaxis; MLST, multilocus sequence typing.
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Background. Group B Streptococcus (GBS) remains a leading cause of neonatal sepsis in high-income contexts, despite declines 
due to intrapartum antibiotic prophylaxis (IAP). Recent evidence suggests higher incidence in Africa, where IAP is rare. We investi-
gated the global incidence of infant invasive GBS disease and the associated serotypes, updating previous estimates.

Methods. We conducted systematic literature reviews (PubMed/Medline, Embase, Latin American and Caribbean Health 
Sciences Literature [LILACS], World Health Organization Library Information System [WHOLIS], and Scopus) and sought unpub-
lished data regarding invasive GBS disease in infants aged 0–89 days. We conducted random-effects meta-analyses of incidence, case 
fatality risk (CFR), and serotype prevalence.

Results. We identified 135 studies with data on incidence (n = 90), CFR (n = 64), or serotype (n = 45). The pooled incidence of 
invasive GBS disease in infants was 0.49 per 1000 live births (95% confidence interval [CI], .43–.56), and was highest in Africa (1.12) 
and lowest in Asia (0.30). Early-onset disease incidence was 0.41 (95% CI, .36–.47); late-onset disease incidence was 0.26 (95% CI, 
.21–.30). CFR was 8.4% (95% CI, 6.6%–10.2%). Serotype III (61.5%) dominated, with 97% of cases caused by serotypes Ia, Ib, II, III, 
and V.

Conclusions. The incidence of infant GBS disease remains high in some regions, particularly Africa. We likely underestimated 
incidence in some contexts, due to limitations in case ascertainment and specimen collection and processing. Burden in Asia requires 
further investigation.

Keywords. group B Streptococcus; early onset; late onset; estimate; case fatality risk.
 

Group B Streptococcus (GBS; Streptococcus agalactiae) is a 
leading infectious cause of neonatal morbidity and mortal-
ity, well described in high-income contexts (HICs) [1–8], 
but less well studied in low- to middle-income contexts 
(LMICs) and low-income contexts (LICs) [9]. A  systematic 
review in 2012 [9], reported an overall incidence of invasive 
GBS disease among infants of 0.53 per 1000 live births (95% 

confidence interval [CI], .41–.62), with the highest incidence 
in Africa (1.21 per 1000 live births), followed by the Americas 
(0.67 per 1000 live births) and the lowest incidence in the 
Western Pacific (0.15 per 1000 live births) and Southeast Asia  
(0.016 per 1000 live births). Although data, especially from 
LICs, were limited, case fatality risks (CFRs) were higher in 
Africa (22%) compared with the Americas (11%) or Europe 
(7%) [9].

Understanding the global burden of GBS disease in young 
infants (0–89 days), including neonates (0–27 days), is impor-
tant to guide public health decision making on interventions. 
Many HICs have implemented intrapartum antibiotic prophy-
laxis (IAP), aiming to reduce early-onset GBS disease (EOGBS; 
days 0–6) for women with rectovaginal GBS colonization 
detected through microbiological screening or with clinical risk 
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factors [10, 11]. However, this strategy will not reduce late-on-
set infant GBS disease (LOGBS; onset on days 7–89 of life), and 
in LMICs and LICs, where there are more home deliveries and 
women present later for delivery, IAP may be less feasible and 
effective than other potential strategies for prevention, such as a 
maternal GBS vaccine.

This article therefore aims to examine the incidence of inva-
sive GBS disease among young infants and the associated CFR 
and serotypes causing GBS invasive disease (Figure 1). It is part 
of a supplement estimating the burden of GBS disease among 
pregnant women, stillbirths, and infants [12]. The supplement 
includes systematic reviews and meta-analyses on GBS colo-
nization, and adverse outcomes associated with GBS around 
birth [10, 13–19], which provide data inputs for estimating the 
worldwide burden of GBS [20].

OBJECTIVES

1. To provide a comprehensive, systematic literature review and 
meta-analyses on the burden of infant invasive GBS disease 
to include:
a. Incidence of infant GBS disease: overall incidence risk, 

including stratification by EOGBS and LOGBS.
b. CFR for EOGBS and LOGBS (7–89  days) and neonatal 

disease (7–27 days).

c. Serotype distribution: prevalence of GBS serotypes caus-
ing GBS disease among infants.

2. To generate parameters to be used as data inputs in a com-
partmental model estimating the burden of GBS in preg-
nancy for women, stillbirth, and infants; including
a. EOGBS to LOGBS ratio.
b. Clinical syndrome (proportion of neonatal disease that 

was meningitis or sepsis).
3. To evaluate data gaps and recommend improvements for the 

data regarding GBS disease in young infants.

METHODS

This article is part of a protocol entitled “Systematic estimates of the 
global burden of GBS in pregnant women, stillbirths and infants,” 
submitted for ethical approval to the London School of Hygiene 
& Tropical Medicine (reference number 11966) and approved on 
30 November 2016. The general methods are described elsewhere 
[12]; here we present details specific to estimates related to the 
incidence of invasive GBS disease among infants.

We included studies that described incidence risk, deaths, 
or serotypes of bacterial isolates among infants aged 0–89 days 
with invasive GBS disease. Eligible studies were those report-
ing data published or unpublished between 1 January 2000 
and 31 January 2017, limited to humans and with no language 

Figure 1. Infant group B streptococcal (GBS) disease in disease schema for GBS, as described by Lawn et al [12].



S162 • CID 2017:65  (Suppl 2) • Madrid et al

Madrid et al

restrictions. We identified data through systematic review of 
the published literature and through an investigator group that 
sought unpublished data from clinicians, researchers, and rele-
vant professional institutions worldwide.

Definitions

Invasive GBS disease was defined as laboratory isolation of 
S. agalactiae from any normally sterile site using conventional 
microbiological methods together with any signs of clinical dis-
ease. EOGBS was defined as invasive GBS disease in infants aged 
0–6 days after birth and LOGBS in infants 7–89 days after birth. 
Incidence risk was defined as cases per 1000 live births and CFR 
as number of deaths in GBS cases divided by total GBS cases.

Search Strategy

We undertook systematic literature searches of PubMed/
Medline, Embase, Literature in the Health Sciences in Latin 
America and the Caribbean (LILACS), the World Health 
Organization Library Information System (WHOLIS), and 
Scopus databases using the search terms (“Streptococcus aga-
lactiae” [Medical subject headings (MeSH)] OR “Streptococcus 
Group B” OR “Group B streptococcal”) AND “infant,” “out-
come,” “death,” “mortality,” “case AND fatality AND rate.” We 
limited searches to humans and publications from 1 January 
2000 to 31 January 2017 (see Supplementary Table 1 for the full 
list of search terms). For consistency, we used the same search 
terms as a previous systematic review [9]. We did not apply date 
or language restrictions; texts were translated to English when 
published in other languages. An additional search for reports 
with serotype data was performed, using the search terms 
(“Streptococcus agalactiae serotype” [MeSH] OR “Streptococcus 
Group B serotype” OR “Group B streptococcal serotype”) using 
the same limits above. We used snowball searches of article ref-
erence lists including reviews to identify additional studies

One investigator performed the database search, screened for 
duplicates, and screened titles and abstracts to assess eligibility 
for inclusion. Two independent investigators (L. M. and M. K. 
L.) assessed the full-length articles associated with selected 
abstracts to confirm eligibility and extract data. Where there 
was discrepancy between the 2 reviewers, a third investigator 
(A. S.) made the final decision.

Study Selection

We included studies with original data on GBS disease in 
infants who were aged 0–89 days at onset of infection episode, 
with clinical specimens obtained from a sterile site, which had 
a population denominator (total live births). We excluded 
studies focusing on very high-risk groups (such as only human 
immunodeficiency virus [HIV]–infected infants or only pre-
term infants), where data were not representative of live births 
in the population. Where countries had multiple or duplicated 
publications or systematically collected surveillance data, we 

included the most recent data. Studies reporting GBS disease 
in infants aged 0–90 days that did not specify age at onset for 
the individual cases were included with the 0–89 day studies as 
the probability of a case on day 90 is negligible. For full details 
of inclusion and exclusion criteria, see Supplementary Table 2.

Data Abstraction

We used a standardized data abstraction tool to capture infor-
mation on the study design (prospective or retrospective), set-
ting (health facility or not), use of IAP, timing of clinical disease 
(onset in the first 24–48 hours, EOGBS, and LOGBS), outcomes 
(survived or died), sample type (cerebrospinal fluid, blood, or 
other sterile site) and GBS serotype. For facility-based studies 
limited to babies born at the facility, facility live births was used 
as denominator. Where studies included inborn and outborn 
babies, a population denominator of all live births in the catch-
ment area of the health facility was used. Data on study location 
were also abstracted including country and town. These data 
were imported into Stata version 14 software.

Analysis

We used random-effects meta-analyses to estimate overall infant 
disease incidence, EOGBS and LOGBS incidence, the EOGBS 
to LOGBS incidence ratio, and CFRs using the DerSimonian 
and Laird method [21]. In addition to worldwide estimates, 
estimates by United Nations regions and/or subregions were 
obtained when sufficient data were available.

To assess bias, we performed the following sensitivity 
analyses:

1. Invasive disease:
a. Infant invasive disease limited to facility-based studies 

where denominator was facility births.
b. EOGBS estimates limited to studies including data for 

days 0–6 after birth.
c. LOGBS estimates limited to studies including data for 

days 7–89 after birth.
d. Late-onset neonatal incidence limited to studies with data 

for days 7–27 after birth.
2. The ratio of early-onset disease to late-onset disease, includ-

ing only studies considered to be less subject to case finding 
bias resulting from low access to care, nonsystematic sam-
pling, or suboptimal laboratory detection methods [22–25] 
as considered by the expert advisory group.

RESULTS

Literature Search and Study Selection

We identified 7535 articles for consideration from database 
searches, 318 additional records from expert groups in neona-
tal care and reference lists, and 7 datasets from an investigator 
group [22, 23, 26] (Araujo da Silva et al. unpublished, Dhaded et 
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al. unpublished, Saha et al. unpublished, Sigaúque et al. unpub-
lished). One hundred thirty-five articles (reporting data from 57 
countries) met our inclusion criteria (search strategy of study 
selection in Figure 2). Of these, 90 reported incidence [22–96], 
(EOGBS: 74 studies; LOGBS: 33 studies), 64 reported CFR [22–
27, 30, 34, 37, 38, 41–43, 46, 49–57, 59, 61, 63, 68, 70, 71, 73–75, 
78–81, 84, 89, 90, 92, 95–111], and 45 reported serotype data 
[22–25, 31, 42, 47, 50, 55, 61, 63, 66, 70, 73, 78, 81, 84, 112–138]. 
(The full list of articles included in this review is available in 
Supplementary Table 3.) Articles excluded because more recent 
data from the same population were available are shown in 
Supplementary Table 4 and Supplementary Figure 1. Compared 
to the previously published global GBS invasive disease estimates 
[9], we included 61 additional studies: 34 reporting incidence, 35 
CFR, and 26 serotype (Supplementary Figure 2).

Study Characteristics

There were more data from HICs (77 studies) compared 
to LMICs (18 studies), of which 12 were from Africa (11 in 

sub-Saharan Africa, 1 in North Africa). Data inputs are illus-
trated in Figure 3A and 3B. Data inputs of the previous systematic 
review [9] are shown in Supplementary Figures 3A and 3B. Most 
studies (109/135) were facility based and information about IAP 
use was available from 116 of 135 studies (Table 1). Seventy-six 
studies reported any use of IAP: 27 of 76 (35.5%) were based on 
screening, 14 of 76 (18.4%) were based on a risk factor algorithm, 
and 35 of 76 (46.1%) did not specify a strategy. Of those studies 
reporting incidence, 58 of 90 (64.4%) reported use of any IAP; this 
was highest in developed countries (46/58 [79.3%]) and lowest in 
sub-Saharan Africa (3/11 [27.3%]) (Supplementary Figure 4). Of 
74 studies that reported EOGBS, 49 (67.1%) reported IAP use 
and approximately one-third of articles (24/74 [32.4%], includ-
ing 6 studies from LICs and LMICs) reported information about 
age at onset of EOGBS. Serotype was available in studies from 25 
countries (developed countries, 16; Central and South America, 
4; Southern and Eastern Africa, 3; Eastern Asia, 2). We were una-
ble to abstract data on laboratory methods used, maternal risk 
factors, and weight or gestational age at birth of neonates.

Figure 2. Search strategy and process of study selection. Abbreviation: GBS, group B Streptococcus.
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Incidence Risk of Group B Streptococcus Disease

There were 6199 infants with invasive GBS disease among 
13 300 000 live births in 53 countries. The incidence risk (per 
1000 live births) for infant GBS disease was 0.49 (95% CI, .43–
.56) overall, being 1.12 in Africa, 0.49 in Latin America and the 
Caribbean, 0.46 in developed countries, and the lowest in Asia, 
0.30. Incidence was highest in Southern Africa (2.00 [95% CI, 
.74–3.26]) and lowest in Southeast Asia (0.21 [95% CI, .09–.32]; 
meta-analysis in Figure  4). There were 3664 cases of EOGBS 
from 9 866 793 live births. Incidence risk (per 1000 live births) 
of EOGBS worldwide was 0.41 (95% CI, .36–.47) and ranged 
from 0.32 (95% CI, .22–.41) in Asia to 0.71 (95% CI, .24–1.18) in 
Africa. The Caribbean had the highest incidence risk of EOGBS 
(1.47), followed by Southern Africa (1.07) and South Asia the 
lowest (0.20) (Supplementary Figure 5). Among EOGBS cases, 
68% (95% CI, 57%–79%) developed symptoms in the 24 hours 
after birth, being higher in HIC (74% [95% CI, 58%–89%]) 

compared with LICs (31% [95% CI, –20% and 82%]); meta-anal-
ysis included as Supplementary Figure 6). There were 2003 cases 
of LOGBS among 8 975 899 live births. Incidence risk of LOGBS 
worldwide was 0.26 (95% CI, .21–.30), ranging from 0.04 (95% CI, 
–.02 to .09) in Asia to 0.65 (95% CI, .25–1.05) in Africa. Southern 
Africa had the highest incidence risk of LOGBS (0.93), and South 
America, Western Africa, and Southeastern Asia had the lowest 
(0.0, 0.0, and 0.03, respectively, based on the single study cap-
tured from each of these regions; Supplementary Figure 7).

Case Fatality Risk

There were 570 deaths among 6501 infant cases. The overall CFR 
was 8.4% (95% CI, 6.6%–10.2%). CFR in Africa (18.9% [95% CI, 
13.7%–24.0%]) was 4 times higher than in developed countries 
(4.7% [95% CI, 3.3%–6.1%]) (meta-analysis in Supplementary 
Figure 8). EOGBS CFR was 10.0% (95% CI, 7.0%–12.0%) rang-
ing from 5.0% (95% CI, 4.0%–7.0%) in developed countries to 

Figure 3. Worldwide distribution of data inputs. A, Map illustrating number of studies by country reporting incidence of group B streptococcal (GBS) invasive disease. B, 
Map illustrating overall incidence of GBS disease among infants by country included in the meta-analyses. Borders of countries/territories in map do not imply any political 
statement.
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27.0% (95% CI, 17.0%–37.0%) in Africa. LOGBS CFR was 7.0% 
(95% CI, 4.0%–9.0%) and, consistently with overall and EOGBS 
CFR, was lowest in developed countries (4.0% [95% CI, 3.0%–
6.0%]) and highest in Africa (12.0% [95% CI, 5.0%–19.0%]) 
(meta-analysis in Supplementary Figures 9 and 10, respectively).

Serotype Distribution

A total of 6500 bacterial isolates were included in the meta-anal-
ysis of serotype prevalence (data inputs are illustrated in 
Supplementary Figure 11). Five serotypes (Ia, Ib, II, III, and V) 
accounted for 97% of invasive isolates in all regions with serotype 

data (Figure  5). Serotype III was the most prevalent serotype 
across the United Nations subregions, although it was lower in 
South America (34%) compared with other subregions. Nearly 
half (47%) of EOGBS cases and 73.0% of LOGBS cases were 
caused by serotype III. Serotype Ia, Ib, and V were frequently 
isolated in EOGBS (22.8%, 8.0%, and 10.6%, respectively) and 
LOGBS (14.2%, 5.3%, and 4.0%) (Supplementary Figure 12).

Early-Onset to Late-Onset Group B Streptococcus Disease Ratio

The overall ratio of EOGBS to LOGBS disease was 1.72 (95% 
CI, 1.35–2.21). The highest ratio was in Asia (5.99 [95% CI, 

Table 1. Characteristics of Included Studies Investigating Invasive Group B Streptococcal Disease in Infants

Characteristic Total (135 Articles) Incidence (90 Articles) CFR (64 Articles) Serotypes (47 Articles)

United Nations subregion

 Developed countries 58 (43.0) 32 (35.6) 28 (43.8) 32 (68.1)
 Central America 2 (1.5) 2 (2.2) 1 (1.6) 1 (2.1)
 Caribbean 6 (4.4) 5 (5.6) 4 (6.2) 0 (0.0)
 South America 15 (11.1) 9 (10.0) 8 (12.5) 4 (8.5)
 Northern Africa 1 (0.7) 1 (1.1) 0 (0.0) 0 (0.0)
 Eastern Africa 5 (3.7) 4 (4.4) 4 (6.2) 2 (4.3)
 Western Africa 3 (2.2) 3 (3.4) 1 (1.6) 0 (0.0)
 Southern Africa 3 (2.2) 3 (2.3) 3 (4.7) 2 (4.3)
 Eastern Asia 17 (12.6) 7 (7.8) 8 (12.5) 5 (10.6)
 Western Asia 8 (5.9) 7 (7.8) 2 (3.1) 0 (0.0)
 Southern Asia 7 (5.2) 7 (7.8) 3 (4.7) 1 (2.1)
 Southeastern Asia 10 (7.4) 10 (11.1) 2 (3.1) 0 (0.0)
Study design
 Prospective 53 (39.3) 46 (51.1) 26 (40.6) 12 (25.5)
 Retrospective 82 (60.7) 44 (48.9) 38 (59.3) 35 (74.5)
Population/facility-based studya

 Population-based 24 (18.8) 18 (20.0) 13 (20.3) 35 (76.1)
 Facility based 109 (81.2) 71 (78.9) 50 (78.1) 11 (23.9)
Reporting period
 Full period (0–89 d)b 10 (7.4) 10 (11.1) 10 (15.6) 6 (12.7)
 Full EOGBS period (0–6 d)c 42 (31.1) 42 (46.7) 30 (46.9) 13 (27.7)
 Full LOGBS period (7–89 d)d 11 (8.1) 11 (12.2) 11 (17.2) 5 (10.6)
Specimen type
 Blood only 27 (20.0) 19 (21.8) 12 (18.8) 3 (6.4)
 CSF only 5 (3.7) 2 (2.3) 2 (3.1) 2 (4.3)
 Blood and CSF 75 (55.6) 53 (58.9) 36 (56.3) 27 (57.5)
 All sterile sites 25 (18.5) 14 (15.6) 14 (21.9) 15 (31.9)
IAP
 Any IAP used 76 (65.5) 58 (69.9) 41 (70.7) 21 (43.8)
 No IAP 40 (34.5)  25 (30.1) 17 (29.3) 27 (56.2)
Rural/urban
 Rural 2 (1.5) 2 (2.2) 1 (1.6) 1 (2.1)
 Urban 69 (51.1) 46 (51.1) 33 (51.6) 21 (44.7)
 Semirural 2 (1.5) 2 (2.2) 2 (3.1) 2 (4.3)
 Mixed 30 (22.2) 22 (24.4) 15 (23.4) 11 (23.4)
 Not described 32 (23.7) 18 (20.0) 13 (20.3) 12 (25.5)

Data are presented as No. (%).

Abbreviations: CFR, case fatality risk; CSF, cerebrospinal fluid; EOGBS, early-onset group B Streptococcus; IAP, intrapartum antibiotic prophylaxis; LOGBS, late-onset group B Streptococcus.
aTwo missing values for population/facility-based and 19 missing values for IAP use.
bStudies reporting incidence among infants for the whole period aged 0-89 days among all studies.
cStudies reporting EOGBS cases among infants for the whole period aged (0-6 days) among studies reporting EOGBS in each category.
dStudies reporting LOGBS cases among infants for the whole period (7–89 days) among studies reporting EOGBS in each category.
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Figure 4. Pooled estimated incidence risk per 1000 live births of overall infant invasive group B streptococcal disease. Abbreviations: CI, confidence interval; ES, effect 
size; GBS, group B Streptococcus.
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2.40–14.92]) and lowest in Africa (1.02 [95% CI, .82–1.28]). The 
ratio in developed countries was similar to the overall ratio, at 1.82 
(95% CI, 1.29–2.57) (meta-analysis as Supplementary Figure 13).

Clinical Syndrome (Sepsis or Meningitis)

Twenty-three percent of all GBS invasive cases (95% CI, 14%–
32%) were meningitis. Among EOGBS cases, 78% (95% CI, 
67%–88%) had sepsis and 16% (95% CI, 8%–25%) had menin-
gitis (meta-analysis of meningitis cases among EOGBS cases in 
Supplementary Figure 14). The meningitis/sepsis ratio was 0.18 
(95% CI, .13–.25). Among LOGBS cases, there was a lower per-
centage of sepsis; 53% (95% CI, 43%–62%) had sepsis and 43% 
(95% CI, 34%–51%) had meningitis (meta-analysis of meningi-
tis cases among LOGBS cases in Supplementary Figure 15). The 
meningitis:sepsis ratio was 0.78 (95% CI, .55–1.10).

Sensitivity Analyses to Assess Bias

Among facility-based studies with facility births denominator 
(n  =  71), the incidence among infants 0–89  days of age was 
slightly higher than the main analysis (0.53 [95% CI, .44–.61]). 
The highest incidence was in Southern Africa (2.00 [95% CI, 
.73–3.26]) and the lowest in Southeastern Asia (0.21 [95% CI, 
.09–.32]) (Supplementary Figure  16). EOGBS incidence was 
0.43 (95% CI, .35–.50) per 1000 live births (Supplementary 
Figure  17) and LOGBS incidence was 0.31 (95% CI, .24–.38) 
per 1000 live births (Supplementary Figure 18).

When we limited estimates of EOGBS to studies with 
reported data for days 0–6 of life (42/74 studies with EOGBS 
data reported), EOGBS incidence (0.42 [95% CI, .35–.49]) was 
similar to the main analysis (meta-analyses in Supplementary 
Figure 19).

Figure 5. Global distribution of group B Streptococcus (GBS) serotypes in invasive disease in young infants (N = 6500 isolates). A, Prevalence of GBS serotypes presented as 
percentage (number of cases). B, Distribution of GBS serotypes by region. Serotypes included in a pentavalent vaccine are shown in blue and those not included are shown in red.
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When we limited LOGBS estimates to studies with complete 
data for days 7–89 after birth (11/33 studies), the incidence esti-
mate was 0.40 per 1000 live births (95% CI, .27–.53), higher than 
the main analysis (meta-analysis in Supplementary Figure 20). 
Including only studies with data for days 7–27 after birth (3/32 
studies), the incidence was 0.16 per 1000 live births (95% CI, 
.08–.24) (meta-analysis in Supplementary Figure 21).

When we limited estimates of the EOGBS to LOGBS ratio 
to studies considered to be less subject to bias (14 studies [22–
25, 31, 42, 52, 56, 62, 63, 73, 81]), the estimated ratio was 1.11 
(95% CI, .96–1.30) and, unlike the main analysis, was similar 
across geographic regions (meta-analysis in Supplementary 
Figure 13).

DISCUSSION

Our comprehensive review and meta-analyses represent an 
important update to the previous global invasive infant GBS 
disease burden estimates [9], and most notably include new 
data from LMICs (18 new studies from 10 LICs and LMICs). 
Infant invasive GBS disease incidence and case fatality is high 
in every world region, yet likely considerably underestimated 
in settings with limited access to care and diagnostics as <10% 
of neonates with suspected serious infection have a positive 
blood culture [139, 140]. The overall estimated incidence of 
infant GBS disease, 0.49 per 1000 live births, is slightly lower 
than the previous estimate of 0.53 per 1000 live births (95% CI, 
.41–.62) [9]. While fewer studies in this review reported IAP use 
compared to the previous review (66% vs 77.0%), more weight 
(>50%) was applied to the data from Europe and the Americas 
where IAP is in use. The reduction in overall incidence is likely 
driven by lower incidence of invasive infant GBS disease in the 
Americas (0.43/1000 live births here vs 0.67/1000 live births in 
the previous review), and Europe (0.53 vs 0.57/1000 live births). 
This difference, especially in the United States where infant 
GBS rates declined notably during the study period, reflects the 
use of more recent data in our analysis.

Similarly, the incidence of invasive infant GBS disease in 
Africa (1.12/1000 live births) was also slightly lower than pre-
viously reported, although >2 times higher than in developed 
countries (0.46/1000 live births). This is the result of broader 
incidence data from Africa, including large studies in South 
Africa [24, 42, 96] Mozambique ”(Sigaúque et al, Unpublished 
data)”, and Gambia [68] reporting a high incidence of inva-
sive GBS disease, in contrast to studies in Nigeria [28, 77] and 
Zambia [62] reporting a very low incidence. Our point estimate 
for EOGBS incidence for Africa was higher compared to that 
reported in the most recent worldwide review [9], although 
LOGBS incidence for the same region was similar in both 
reviews [9]. There are many possible reasons for the increase in 
EOGBS incidence in Africa, which could be due to true emer-
gence, increases in comorbidities such as HIV [42], or improved 
data collection to detect early disease. This high incidence is 

important in terms of total burden, as CFRs in Africa were also 
4 times higher than in developed countries (18.9% and 4.7%, 
respectively); thus the greatest burden of cases, and deaths, is 
in Africa. However, our data are limited to few African studies 
mostly in Southern and Eastern Africa.

There are other important regional differences. The inci-
dence of infant GBS disease was strikingly low in Asia at 0.31 
per 1000 live births, with the lowest incidence in Southeast 
Asia (0.21/1000 live births). This may reflect a true regional dif-
ference, which could be related to differences in lower overall 
prevalence of maternal colonization and/or lower prevalence of 
serotype III [13], which is more commonly associated with the 
most virulent clone, clonal complex 17. Some of the difference 
may also be due to incomplete case ascertainment, being in Asia 
more challenging as they have more home births than Africa. 
For the earliest-onset cases (<24 hours of birth), differences in 
access to care and rapid and high case fatality can reduce case 
ascertainment. Cerebrospinal fluid sampling is infrequently 
performed in many parts of this region and that would reduce 
the apparent incidence of LOGBS disease, which is more fre-
quently associated with meningitis. However, the lack of 
late-onset cases in this region does not fully align with those 
reasons and also suggests there may be more at play, potentially 
related to strain differences, level of natural acquired protective 
maternal antibody, or other host, environmental, or behavioral 
factors that may affect disease burden.

Difficulties in case ascertainment in LICs likely contribute to 
the higher incidences observed when the analysis was limited to 
facility-based studies, particularly in Africa. Studies in contexts 
where access to care, particularly for home deliveries, is difficult 
are likely to underestimate EOGBS disease incidence, due to the 
preponderance of cases with onset on day zero, which can be 
as high as 90% in studies with high-quality ascertainment but 
was 68% among the studies we included where this informa-
tion could be extracted. Late-onset disease is likely underesti-
mated too, due to studies that did not capture cases for the full 
7–89 days; the sensitivity analysis showed the incidence of late 
onset disease to be almost twice as high (0.40 vs 0.26) when 
only studies with data for days 7–89 were included. This may 
result in an underestimation of the burden of GBS meningitis in 
particular, a significant concern given the morbidity associated 
with this condition.

Differences in the early- to late-onset disease ratios in differ-
ent regions in the main analysis may also reflect (and reveal) 
biases in the data. Asia had the highest ratio of EOGBS disease to 
LOGBS disease, with the lowest in Africa (5.99 vs 1.02). It is pos-
sible that Asia has less LOGBS disease, consistent with the lower 
prevalence of maternal colonization with serotype III, a serotype 
commonly associated with LOGBS disease. Interestingly, when 
limiting the EOGBS:LOGBS ratio to high-quality studies, the 
estimate was similar across regions and lower than the overall 
EOGBS:LOGBS ratio. This is likely to be influenced by those 
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countries with widespread IAP as well as South Africa, which 
may have a uniquely low ratio due to the high prevalence of 
maternal HIV infection, which predisposes to late-onset disease. 
However, no study from Asia was included in this analysis.

In terms of serotypes causing invasive disease, serotype III 
accounted for over half of all disease-causing isolates followed 
by serotypes Ia, V, and II, consistent with previous work [9, 141]. 
Disease-causing serotypes were similar in prevalence across dif-
ferent regions, with some slight variations. The lowest preva-
lence of serotype III (where data were available) was found in 
South America and Southeast Asia, 2 of the regions with the 
lowest prevalence of serotype III among colonized pregnant 
women [13]. Serotype distribution was similar to that reported 
in the previous review [9], suggesting stability over time.

Our findings suggest GBS disease is an important cause of 
infant disease, despite the limitations in the data and uncer-
tainties about the low incidence in Asia. In Africa, where the 
incidence is highest, the CFR is also highest, suggesting this is 
the region where prevention strategies are most critical to intro-
duce. Existing preventive strategies using IAP are not usually 
available in low-income contexts and, with a higher number 
of home deliveries and late presentation to health facilities for 
delivery, IAP may be more difficult to implement. Maternal 
vaccination offers an alternative strategy, and the data we have 
suggest that a pentavalent conjugate vaccine (including Ia/Ib/II/
III/V) would cover almost all disease-causing serotypes (96%) 
in young infants worldwide (Table 2).

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding author.
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Table 2. Key Findings and Implications

What’s new about this?
• Most comprehensive review to date of published data, and supplemented by unpublished data, including more data especially from LICs and LMICs with 

total of 18 studies from 10 LICs and LMICs.
• Extensive attempts to standardize inputs and to assess biases through a set of sensitivity analyses.
What was the main finding?
• GBS is an important cause of invasive disease among infants worldwide, despite widespread use of intrapartum antibiotic prophylaxis in many countries in 

developed regions.
• Highest incidence is in Africa; the lowest incidence is in Asia and not fully explained by these data.
How can the data be improved?
• Lower incidence in Asia may be partially explained by lower maternal colonization rates and less-virulent serotypes, but more data are required to better 

understand regional differences.
• Improved reporting of studies to better understand the biases in the data reported, for example, if low case ascertainment in the first 24 hours after birth, 

may be reducing reported GBS incidence rates, and if this occurs more frequently in some regions.
What does it mean for policy and programs?
• Prevention strategies are needed in all settings and particularly in the highest-burden settings (in Africa)
• Higher proportion of meningitis is among LOGBS cases, for which there are currently no preventive strategies.
• A pentavalent vaccine (serotypes Ia/Ib/II/III/V) would cover the GBS serotypes causing almost all (96%) invasive disease in infants.

Abbreviations: GBS, group B Streptococcus; LIC, low-income context; LMIC, low- to middle-income context; LOGBS, late-onset group B Streptococcus.
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Background. Neonatal encephalopathy (NE) is a leading cause of child mortality and longer-term impairment. Infection can 
sensitize the newborn brain to injury; however, the role of group B streptococcal (GBS) disease has not been reviewed. This paper 
is the ninth in an 11-article series estimating the burden of GBS disease; here we aim to assess the proportion of GBS in NE cases.

Methods. We conducted systematic literature reviews (PubMed/Medline, Embase, Latin American and Caribbean Health 
Sciences Literature [LILACS], World Health Organization Library Information System [WHOLIS], and Scopus) and sought unpub-
lished data from investigator groups reporting GBS-associated NE. Meta-analyses estimated the proportion of GBS disease in NE 
and mortality risk. UK population-level data estimated the incidence of GBS-associated NE.

Results. Four published and 25 unpublished datasets were identified from 13 countries (N = 10 436). The proportion of NE asso-
ciated with GBS was 0.58% (95% confidence interval [CI], 0.18%–.98%). Mortality was significantly increased in GBS-associated NE 
vs NE alone (risk ratio, 2.07 [95% CI, 1.47–2.91]). This equates to a UK incidence of GBS-associated NE of 0.019 per 1000 live births.

Conclusions. The consistent increased proportion of GBS disease in NE and significant increased risk of mortality provides 
evidence that GBS infection contributes to NE. Increased information regarding this and other organisms is important to inform 
interventions, especially in low- and middle-resource contexts.

Keywords. group B Streptococcus; newborn; neonatal encephalopathy; hypoxic-ischemic encephalopathy; therapeutic 
hypothermia. 

Intrapartum complications with hypoxic brain injury is one of 
the leading causes of neonatal mortality and long-term impair-
ment morbidity worldwide [1]. Newborns exposed to a perina-
tal insult typically present with neonatal encephalopathy (NE), 
a descriptive term for a clinical constellation of neurological 
dysfunctions in the term infant [2]. Many cases of NE, and the 
often-resultant neonatal death or stillbirth, are likely to result 

from a complex multifactorial pathway to brain injury to which 
hypoxia-ischemia substantially contributes [3–6].

Hypoxic-ischemic encephalopathy (HIE) is a term used 
to define those cases with NE likely due to hypoxia-ischemia. 
Across many high-income countries (HICs), it is now standard 
of care for infants with moderate to severe HIE to be treated 
with whole-body therapeutic hypothermia or “cooling,” where 
their core body temperature is cooled to 33.5°C for 72 hours, 
followed by a controlled period of rewarming [7, 8]. Systematic 
reviews of cooling trials have shown that therapeutic hypother-
mia is able to reduce the combined outcome of death or major 
neurodevelopmental disability in survivors, with a number 
needed to treat  =  7 for an additional beneficial outcome [9]. 
To define which infants should receive cooling, clinical crite-
ria have been developed to identify NE assumed to be due to 
hypoxia-ischemia. The presence of other comorbidities such as 
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acute perinatal infection, however, does not usually preclude 
cooling treatment. A systematic review of cooling in low- and 
middle-income countries (LMICs) failed to show a statistically 
significant reduction in neonatal mortality [10]; however, indi-
vidual centers in middle-income settings have reported favora-
ble outcomes [11].

Increasing evidence suggests the importance of a sensitiz-
ing effect of inflammation, increasing the susceptibility of the 
immature brain to perinatal events that drive the pathogene-
sis of NE [12, 13]. Animal studies have shown that exposure 
to bacterial endotoxin increases vulnerability of the develop-
ing brain to hypoxia-ischemia [14–16]. Other study findings 
have shown a temporal relationship suggesting that exposures 
can be sensitizing or preconditioning to the fetal and neona-
tal brain [13, 15, 16]. A recent study, modeling gram-positive 
infection prior to hypoxic-ischemic injury, demonstrated sen-
sitization of the brain to injury, but also encouragingly, neuro-
protection with hypothermia [17]. In clinical studies, factors 
associated with intrauterine infection and inflammation, 
such as prolonged rupture of membranes, have been shown 
to be associated with NE [5], and the presence of placental 
inflammation/infection has been shown to be independently 
associated with an increased risk of NE in both high- and 
low-income settings [18, 19]. While few clinical studies have 
examined the role of specific infections and inflammation as 

independent risk factors for NE, an important role is hypoth-
esized [20, 21].

Group B Streptococcus (GBS; Streptococcus agalactiae) is an 
important pathogen for newborns and is one of the most common 
causes of neonatal infection worldwide [22]. Defining the contribu-
tion of GBS to other important and common neonatal conditions, 
such as NE, is important to fully understand the global burden of 
GBS in pregnant women and infants, and because it may become 
potentially preventable, through maternal GBS vaccination.

This article aims to examine the proportion with GBS disease 
among infants with NE (Figure 1).

Objectives

1. To undertake to provide a comprehensive and systematic 
literature review and identify unpublished cohorts through 
an investigator group formed through trials and registries of 
infants with NE assumed to be due to hypoxia-ischemia meet-
ing criteria for therapeutic hypothermia, in order to analyze 
the risk of invasive GBS disease among neonates with NE.

2. To assess the data available for the proportion with invasive 
GBS disease among infants with NE in order to estimate the 
burden of GBS in pregnant women, stillbirths, and infants.

3. To evaluate data gaps and recommend improvements for 
data acquisition on NE associated with GBS disease.

Figure 1. Neonatal encephalopathy (NE) is part of the compartmental model to estimate the burden of group B streptococcal (GBS) disease, as described by Lawn et al [54].
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METHODS

This article is part of a protocol entitled “Systematic estimates 
of the global burden of GBS in pregnant women, stillbirths and 
infants,” submitted for ethical approval to the London School 
of Hygiene & Tropical Medicine (reference number 11966) and 
approved on 30 November 2016.

Definitions

Case definitions used in this article include NE, HIE, intra-
partum-related death, and birth asphyxia; these are shown in 
Supplementary Table 1, in addition to definitions of GBS sep-
sis, meningitis, and pneumonia. For the study of the association 
between GBS and NE, a case of GBS was defined as isolation of 
GBS, on either blood culture or molecular assay, from a nor-
mally sterile site (blood, cerebrospinal fluid, postmortem site).

DATA SEARCHES AND INPUTS

Published Data

We conducted systematic literature searches of Medline and 
Embase on 28 September 2016, and Literature in the Health 
Sciences in Latin America and the Caribbean (LILACS), 
the World Health Organization Library Information System 
(WHOLIS), and Scopus on 12 February 2017, and updated 
these on 21 March 2017. We searched with variants of terms 
related to “GBS,” “sepsis,” “asphyxia,” therapeutic hypothermia,” 
and “NE” (Supplementary Materials). Medical subject head-
ing (MeSH) terms were used where possible. Supplementary 
Table 2 describes the full list of search terms. One investigator 
performed the database search, and screened for duplicates 
and for eligibility (M. V.). Two independent investigators (M. 
V. and N. R.) screened abstracts to assess their suitability for 
inclusion, and both reviewers subsequently extracted data. 
Where there was discrepancy between the 2 reviewers, a third 
investigator (C. T.) made the final decision. Additional articles 
were identified from reference lists through snowball search-
ing. We did not apply date or language restrictions and texts 
were translated to English when published in other languages.

Secondary Analysis of Data From Published Neonatal Encephalopathy 
Cohorts and Trials From the Investigator Group

Through snowball searching of reference lists, and a search on 
PubMed using terms related to infant/newborn/NE and ther-
apeutic hypothermia (S.S.), cooling cohorts and trials were 
identified. As these articles did not include data related to GBS, 
the corresponding authors were contacted on a minimum of 2 
occasions (at least 4 weeks apart) to inquire whether data on the 
proportion of GBS disease among infants with NE/HIE were 
available for secondary analysis. A consistent definition of GBS 
disease was used (Supplementary Table 1). Responding authors 
were requested to complete a standardized data collection 
spreadsheet summarizing the data.

Unpublished Data From the Investigator Group

Unpublished data from patient registers in HICs were sourced 
from registers of therapeutic hypothermia (“cooling” registers), 
patient registers from neonatal neurology centers, and national 
neonatal research databases.

Neonatal neurology and cooling cohorts and registers were 
identified through literature review as above and through pro-
fessional networking. Lead clinicians at the relevant sites were 
contacted and requested to complete the same standardized 
data collection spreadsheet summarizing the data to those pro-
viding data for secondary analysis above.

Centers known to be holding national neonatal data (United 
Kingdom, Canada, Australia, Norway) were contacted and 
invited to contribute data. Of these, the United Kingdom 
National Neonatal Research Database (NNRD) and the 
Canadian Neonatal Network (CNN) agreed to contribute data. 
The NNRD holds electronic patient record data, recorded by 
health professionals as part of routine clinical care, from United 
Kingdom neonatal units. Data held in the NNRD are cleaned; 
records with implausible data configurations are queried and 
corrected by the treating clinicians. The NNRD holds individual 
patient-level data from all admissions to National Health Service 
(NHS) neonatal units in England and Wales from 2012 and from 
all admissions to Scottish neonatal units from 2014. A formal 
comparison of NNRD data items against those recorded in case 
record forms of a multicenter, randomized placebo-controlled 
trial (Probiotics in Preterms [23]) demonstrated a high degree 
of data agreement (>95%) between the NNRD and clinical trial 
case report forms. The National Neonatal Research Database 
is a Clinical Dataset (National Neonatal Data Set) within the 
NHS Data Dictionary. Details of all data items are searcha-
ble at the following webpage: http://www.datadictionary.nhs.
uk/data_dictionary/messages/clinical_data_sets/data_sets/
national_neonatal_data_set/national_neonatal_data_set_-_
episodic_and_daily_care_fr.asp?shownav=1.

For the purposes of this study, NE meeting the criteria for 
therapeutic hypothermia was defined as an infant >35 weeks’ 
gestation receiving at least 2 days of therapeutic hypothermia. 
The data were limited to infants receiving a minimum of 2 days’ 
therapeutic hypothermia to ensure exclusion of babies initially 
cooled but then rewarmed within a few hours after transfer to 
their tertiary cooling center and not found to adequately meet 
cooling criteria.

Data from Canada were extracted from the CNN database. 
The CNN holds abstracted data from patient charts by trained 
abstractors after discharge of patient from the neonatal inten-
sive care unit (NICU) according to manual definitions. Data are 
cleaned at the coordinating center in Toronto and records with 
implausible data configurations are queried and corrected. The 
CNN holds individual patient-level data from all admissions to 
participating neonatal units in Canada from 1996. Since 2010, 
25 of 28 NICUs in the country participated in data collection 
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and, since 2012, all 30 units representing 100% coverage of 
those admitted to NICU in Canada. A  formal reabstraction 
comparison has revealed it to be reliably reproducible. For 
the purposes of this study, infants with NE meeting National 
Institute for Child Health and Human Development (NICHD) 
cooling criteria were included. GBS disease was identified as 
GBS isolated from a sterile site (ie, blood, cerebrospinal fluid, 
or both).

ESTIMATING THE UK INCIDENCE OF GROUP 
B STREPTOCOCCUS-ASSOCIATED NEONATAL 
ENCEPHALOPATHY

The number of term infants receiving ≥2 days cooling with GBS 
disease in England, Scotland, and Wales was identified from 
the NNRD database. Denominator data on term live births in 
England and Wales from 2012 to 2015 were identified from the 
UK Office for National Statistics [24]; and term live births in 
Scotland from 2014 to 2015 were identified from the National 
Records of Scotland [25]. These data were used to calculate the 
UK incidence of GBS-associated NE.

Inclusion and Exclusion Criteria

For both published and unpublished data, we only considered 
original data including a denominator of at least 50 and we did 
not apply date or language restrictions (Supplementary Table 3). 
We included published and unpublished data for infants >35 
weeks’ gestation with neonatal or HIE reporting on invasive 
GBS disease in the first 90 days after birth. Studies with nonrep-
resentative samples of cases and unsuitable article types such as 
case reports were excluded.

Meta-analyses

Data on study characteristics and results were extracted into 
standardized prespecified Excel abstraction forms, and then 
imported to Stata 14 software (StataCorp) for meta-analyses. 
We used random-effects meta-analyses to estimate the propor-
tion of infants with NE with GBS disease using the DerSimonian 
and Laird method [26]. Only datasets reporting the proportion 
of infants with GBS disease among those with NE assumed to 
be as a result of hypoxia-ischemia meeting the criteria for ther-
apeutic hypothermia were included in the meta-analysis as this 
provided the most robust comparable denominator. Data from 
individual centers in the United Kingdom and Canada were not 
included in the meta-analysis due to overlap with the included 
national-level data. We conducted subgroup analysis for ante-
natal GBS screening practices.

Death to Discharge and Longer-term Outcomes

Case fatality rates up until discharge among NE infants with 
and those without GBS disease were collected where avail-
able. Long-term outcome data, including mortality, cere-
bral palsy, and neurodevelopmental follow-up scores were 
sought. To estimate the difference between predischarge 

mortality for NE infants with and without GBS, we used a 
Mantel-Haenszel random-effects meta-analysis (RevMan 
5.3) to generate the risk ratio (RR) and a z test to determine 
significance [27].

RESULTS

Literature and Investigator Group Data Inputs

We identified 10 804 studies through database searches. Of 
these, 137 full texts were reviewed and 4 studies met the inclu-
sion criteria (Figure 2). Through the investigator group, an add-
itional 13 were obtained from secondary analysis of published 
data, 10 from local cooling or neonatal neurology cohorts and 2 
from national neonatal network research databases (Figure 2). 
Overall, 29 datasets met inclusion criteria; of these, 17 were eli-
gible for inclusion in the meta-analysis. A total of 10 436 infants 
were included; this number does not include datasets that either 
overlap with the United Kingdom or Canada national data, or 
the secondary analysis data from Jenster et al [20], which over-
lapped with the unpublished US cooling cohort dataset pro-
vided by H.C. Glass.

Study Characteristics

Characteristics of published studies and unpublished data-
sets from our investigator group are shown in Table  1. 
Contributed data came from 13 countries (Figure  3). Only 
4 published studies included data on GBS disease among 
infants with NE [19, 20, 28, 29]. Published and unpublished 
data were reported from both developed and developing 
countries (Figure 3); the majority are from HICs, in particu-
lar the United Kingdom, United States, and Canada. Of the 
4 eligible published studies, 2 (1 US and 1 United Kingdom 
study) reported on blood culture results among a cohort of 
encephalopathic infants from the precooling era [20, 30]. 
A further published study from Turkey included culture data 
from infants meeting criteria for cooling among a cohort of 
encephalopathic infants [28]. The final published study was 
from a low-income setting, Uganda [19, 29]; the only cases 
(3) detected were detected with high cycle threshold values 
on species-specific real-time polymerase chain reaction [19]. 
National-level data were reported from 2 developed countries 
(United Kingdom and Canada). Secondary analyses of micro-
biological data were available from 4 cooling trials (CoolCap, 
TOBY Xenon, NICHD, and the Infant Cooling Evaluation 
Collaboration [ICE] trial [31–34]) and 9 encephalopathy 
cohorts [5, 6, 18, 29, 30, 35–38]. Unpublished datasets from 
our investigator group (10), reporting GBS disease among 
infants meeting criteria for cooling, were provided from 9 
cooling registers from the United Kingdom, United States, 
Canada, Australia, and the Netherlands, with 2 further data-
sets for infants with NE who did not meet cooling criteria 
from Spain and Canada.
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Therapeutic whole-body cooling became standard of care 
across many high-income-country settings from 2008 to 2009, 
meaning the majority of datasets included here are from 2008 
onward. Commonly used criteria for therapeutic hypother-
mia are summarized in Supplementary Table 4. However, 
cooling trial data from as early as 1999 are also included from 
the CoolCap Trial [31]. Data are reported from settings with 
a variety of approaches to intrapartum antibiotic prophylaxis 
(IAP) for maternal GBS colonization including areas with 
active screening (eg, United States, Canada, Australia) to those 
using a risk factor–based approach (eg, the Netherlands, United 
Kingdom, and Ireland) and those with no defined national 

approach to IAP for early-onset GBS prevention (eg, Uganda, 
India, and Nepal). All data reported on infants born at >35 
weeks completed gestational age and includes a wide range of 
birth weights (Table 1).

Proportion of Group B Streptococcus Disease Among Infants With 
Neonatal Encephalopathy

Twenty-one studies reported on the proportion of GBS dis-
ease among infants with NE, assumed to be due to hypoxia-is-
chemia, meeting criteria for cooling (Table 2). An additional 
8 studies reported on the proportion of GBS disease among 
infants with NE not meeting cooling criteria (Table  3). The 

Figure 2. Search strategy and process of study selection regarding group B streptococcal disease among cases of neonatal encephalopathy. Abbreviations: GBS, group B 
Streptococcus; HIE, hypoxic-ischemic encephalopathy; NE, neonatal encephalopathy.
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proportion with GBS disease among all cohorts varied from 
0 to 2.4%. The highest rates of GBS-associated NE were 
reported in cohorts from the United Kingdom, United States 

[34], Ireland [18], Canada, and Malaysia where the proportion 
with GBS disease in all was >1%. Cohorts from the United 
States [20], Australia, Spain [36], Turkey [28], India [29], and 

Table 2. Proportion of Group B Streptococcus Among Cases With Neonatal Encephalopathy Assumed to Be Due to Hypoxia-Ischemia Meeting Criteria 
for Therapeutic Hypothermia

Country Location Year(s) Author Database Denominatora
NE 

Cases

GBS 
Invasive 
Disease

% of 
NE With 

GBS

 Developed

 UK National 2009–2016 NDAU National research 
database

HIE, cooling criteria 6041 72 1.19

 Canada National 2010–2015 CNN National research 
database

HIE, cooling criteria 1184 2 0.17

 International, multisite CoolCap trial 1999–2003 Gunn, A Cooling trial HIE, cooling criteria 234 1 0.43
 US, multisite NICHD cooling trial 2000–2003 Shankaran, S Cooling trial HIE, cooling criteria 208 5 2.40
 International, multisite ICE Trial 2001–2007 Jacobs, SE Cooling trial HIE, cooling criteria 221 3 1.36
 UK, multisite TOBY Xenon trial 2012–2014 Edwards, AD Cooling trial HIE, cooling criteria 92a 2 2.17
 US Maryland 2007–2015 Johnson, CT Cooling cohort HIE, cooling criteria 57 1 1.75
 Spain Barcelona 2009–2011 Garcia-Alix, A Cooling cohort HIE, cooling criteria 53 0 0
 Ireland Dublin 2010–2015 Hayes, B Cooling cohort HIE, cooling criteria 76 1 1.31
 UK Bristol 2007–2016 Thoresen, M Cooling register HIE, cooling criteria 292a 2 0.68
 US San Francisco 2008–2015 Glass, HC Cooling register HIE, cooling criteria 252 0 0
 The Netherlands Utrecht 2008–2010 Groenendaal, F Cooling register HIE, cooling criteria 192 4 2.08
 US Boston 2008–2017 Walsh, BH Cooling register HIE, cooling criteria 72 0 0
 US Washington, DC 2008–2016 Massaro, AN Cooling register HIE, cooling criteria 187 2 1.07
 Canada Montreal 2009–2016 Wintermark, P Cooling register HIE, cooling criteria 253a 3 1.18
 UK London 2010–2016 Tann, CJ 

Robertson, NJ
Cooling register HIE, cooling criteria 256a 6 2.34

 Australia Melbourne 2010–2016 Cheong, J Cooling register HIE, cooling criteria 128 0 0
 Spain Barcelona 2010–2016 Arca-Diaz, G Cooling register HIE, cooling criteria 90 0 0
 Asia
 Turkey Ankara 2011–2013 Okomus, N Cooling cohort HIE, cooling criteria 74 0 0
 Malaysia Multisite 2012 Boo, NY Cooling cohort HIE, cooling criteria 919 10 1.09
Africa
 South Africa Cape Town 2008–2011 Kali, G Cooling cohort HIE, cooling criteria 94 1 1.06

Abbreviations: CNN, Canadian Neonatal Network; GBS, group B Streptococcus; HIE, hypoxic-ischemic encephalopathy; ICE, Infant Cooling Evaluation Collaboration; NDAU, Neonatal Data 
Analysis Unit; NE, neonatal encephalopathy; NICHD, National Institute of Child Health and Human Development; TOBY, Total Body Hypothermia; UK, United Kingdom; US, United States.
aCases not included in the total denominator, where there is overlap with national data or another dataset.

Figure 3. Geographic distribution of data inputs on neonatal encephalopathy with data on group B streptococcal disease. Borders of countries/territories in map do not 
imply any political statement. 
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Nepal [6] reported no GBS disease among infants with NE. 
However, of the 10 datasets with 0 GBS cases, the number of 
births were 53, 54, 72, 74, 89, 90, 95 128, 252, and 258, so the 
only 2 datasets powered to detect this low expected propor-
tion were those from the same US center with a known high 
coverage of IAP [20].

Meta-analysis of the Proportion of Group B Streptococcus Disease Among 
Infants Meeting Criteria for Therapeutic Hypothermia

Seventeen datasets were eligible for inclusion in the meta-anal-
ysis examining the proportion of GBS disease among infants 
with encephalopathy meeting criteria for therapeutic hypother-
mia (Figure 4). Three UK datasets and 4 Canadian datasets were 

Table 3. Proportion of Group B Streptococcal Disease Among Cases of Neonatal Encephalopathy

Country Location Year Author Database Denominator Cases
GBS Invasive 

Disease
% of NE With 

GBS

 Developed

 UK/ 
Netherlands

London/ Utrecht 1992–1998 Cowan, F 
de Vries, LS

Published NE, not meeting cooling 
criteria

253b 2 0.79

 UK London 1992–2007 Martinez-Biarge, M
Cowan, F

Published NE, not meeting cooling 
criteria

259b 5 1.93

 US San Francisco 1993–2011 Jenster, Ma Published NE, clinical criteria 258b 0 0
 Canada Montreal 2009–2016 Wintermark, P Neonatal neurology 

register
NE, not meeting cooling 

criteria
249b 1 0.40

 Asia
 India Kerala 2009 Thayyil, S Cooling cohort NE, clinical criteria 54 0 0
 Nepal Kathmandu 1995–1996 Ellis, M Observational study data NE, clinical criteria 95 0 0
 India Multisite 2013–2015 Thayyil, S Observational study data NE, clinical criteria 89 0 0
 Africa
 Uganda Kampala 2011–2012 Tann, CJ Case-control study NE, clinical criteria 210 3 1.43

Abbreviations: GBS, group B Streptococcus; NE, neonatal encephalopathy; UK, United Kingdom; US, United States.
aThe only baby reported to be GBS positive was found to be group A Streptococcus positive; erratum awaiting publication.
bNumber of cases not included in the total denominator, where there is overlap with national data or another dataset.

Figure 4. Meta-analysis of the proportion of group B Streptococcus identified from a sterile site among infants with neonatal encephalopathy assumed to be due to hypox-
ic-ischemic encephalopathy, in infants meeting criteria for therapeutic hypothermia. Abbreviations: CI, confidence interval; CNN, Canadian Neonatal Network; ES, estimate; 
GBS, group B Streptococcus; NDAU, Neonatal Data Analysis Unit.
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excluded from the meta-analysis because the data overlapped 
with the included national neonatal data from the same coun-
tries. Data inputs were all from HICs in the UN “developed” 
region, with the exception of Malaysia and South Africa, both 
upper-middle–income countries. No studies from low-income 
countries (LICs) were eligible for inclusion in the meta-analy-
sis as diagnostic techniques required for cooling criteria such 
as cord and blood gas estimation and cerebral function mon-
itoring are largely unavailable. Among those included in the 
meta-analysis, the proportion with GBS disease among infants 
with NE meeting cooling criteria was 0.58% (95% confidence 
interval [CI], .18%–.98%; range, 0–2.40%) (Figure 4). Subgroup 
analysis by antenatal screening practice demonstrated a propor-
tion with GBS disease of 1.09 (95% CI, .84–1.35) for datasets 
without an antenatal GBS screening policy, compared with 0.21 
(95% CI, .00–.48) for datasets where antenatal screening was 
routine (Supplementary Figure 1). One dataset (CoolCap) was 
excluded from this subgroup analysis due to varying screening 
practices across multiple sites.

Death to Discharge and Longer-Term Outcomes

Studies reporting on case fatality among infants with NE, with 
and without GBS disease, are presented in Table 4. Case fatality 
to discharge among infants with NE was reported in 24 stud-
ies: 2 from national research data (United Kingdom, Canada), 
3 from secondary analysis of cooling trial data (CoolCap [31], 
NICHD [34], and ICE [33]), and 19 from NE cohorts. However, 
of these, 8 studies reported no GBS disease in their NE cohort, 
and 4 overlapped with national data. The remaining 12 data-
sets were used to compare the case fatality in GBS-associated 
NE and NE alone. Case fatality before discharge for these 12 
datasets combined was 1305 of 9525 (13.7%) infants with NE 
alone compared with 22 of 105 (21%) infants with NE and GBS 
(P < .0001). Risk of mortality before discharge was significantly 
increased in those infants with GBS-associated NE compared 
to those without GBS disease (risk ratio [RR], 2.07 [95% CI, 
1.47–2.91]; Supplementary Figure  2). A  sensitivity analysis, 
excluding cohorts with the lowest GBS incidence, did not mark-
edly alter this RR. Longer-term outcome data were consistently 

Table 4. Case Fatality at Discharge Among Infants With Neonatal Encephalopathy With and Without Group B Streptococcal Disease

Country Location Author Denominator

Case Fatality Among Infants With NE, no./No. (%)

Overall With Invasive GBS No Invasive GBS 

Developed
 UK NNRD NDAU HIE, cooling criteria 638/6041 (10.6) 9/72 (12.5) 629/5969 (10.5)
 Canada National CNN HIE, cooling criteria 211/2250 (9.3) 3/4 (75.0) 208/2246 (9.3)
 International Multisite Gunn, A HIE, cooling criteria 58/234 (24.8) 1/1 (100.0) 57/233 (24.5)
 US Multisite Shankaran, S HIE, cooling criteria 62/208 (29.8) 2/5 (40) 60/203 (29.6)
 International Multisite Jacobs, SE HIE, cooling criteria 58/221 (26.2) 1/3 (33.3) 57/218 ((26.1)
 US Maryland Johnson, CT HIE, cooling criteria 3/57 (5.26) 0/1 (0) 3/56 (5.36)
 Spain Barcelona Garcia-Alix, A HIE, cooling criteria 16/51 (31.4) 0/0 (0) 16/51 (31.4)
 Ireland Dublin Hayes, B HIE, cooling criteria 17/76 (22.4) 1/1 (100) 16/75 (21.3)
 US California Glass, HC HIE, cooling criteria 26/252 (10.32) 0/0 (0) 26/252 (10.32)
 The Netherlands Utrecht Groenendaal, F HIE, cooling criteria 63/192 (32.8) 0/4 (0) 63/192 (32.8)
 US Boston Walsh, BH HIE, cooling criteria 3/72 (4.2) 0/0 (0) 3/72 (4.2)
 US Washington, DC Massaro, AN HIE, cooling criteria 30/187 (16.0) 1/2 (50.0) 29/185 (15.7)
 Canada Montreal Wintermark, P HIE, cooling criteria 36/253 (14.2) 0/4 (0) 36/249 (14.5)
 UK London Tann, CJ

Robertson, N
HIE, cooling criteria 30/187 (16.0) 1/2 (50.0) 29/185 (14.7)

 Australia Melbourne Cheong, J HIE, cooling criteria 34/128 (26.5) 0/0 (0) 34/128 (26.5)
 Spain Barcelona Arca-Diaz, G HIE, cooling criteria 8/90 (8.89) 0/0 (0) 8/90 (8.89)
 UK London Martinez-Biarge, M

Cowan, F
NE, clinical criteria 22/259 (8.50) 0/5 (0) 22/259 (8.50)

 Canada Montreal Wintermark, P NE, clinical criteria 6/249 (2.4) 0/1 (0) 6/248 (2.4)
 Asia
 Malaysia Multisite Boo, N-Y HIE, cooling criteria 144/919 (15.6) 4/10 (40.0) 140/909 (15.4)
 Nepal Kathmandu Ellis, M NE, clinical criteria 40/142 (28.2) 0/0 (0) 40/142 (28.2)
 India Kerala, Thayyil, S NE, clinical criteria 6/54 (11.1) 0/0 (0) 6/54 (11.1)
 India Multisite Thayyil, S NE, clinical criteria 16/89 (18.0) 0/0 (0) 16/89 (18.0)
 Africa
 South Africa Cape Town Kali, G HIE, cooling criteria 14/99 (14.1) 0/1 (0) 14/98 (14.3)
 Uganda Kampala Tann, CJ NE, clinical criteria 70/208 (33.7) 2/3 (66.6) 68/205 (33.2)

Abbreviations: CNN, Canadian Neonatal Network; GBS, group B Streptococcus; HIE, hypoxic-ischemic encephalopathy; NDAU, Neonatal Data Analysis Unit; NE, neonatal encephalopathy; 
NNRD, UK National Neonatal Research Database; UK, United Kingdom; US, United States.
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reported as either incomplete or not available and so are not 
reported here.

UK Population-Level Data

The number of infants with GBS-associated NE in England 
and Wales between 2012 and 2015 was 55 and the number of 
term live births identified over the same period in England 
and Wales, according to the Office for National Statistics, was 
2 821 271 [24]. The number of infants with GBS-associated NE 
in Scotland between 2014 and 2015 was 1 and the number of 
term live births identified over the same period in Scotland was 
111 823 [25]. Northern Ireland population-level NE data were 
not available. The UK incidence of GBS-associated NE was 
therefore 0.019 (95% CI, .019–.02) per 1000 live births.

DISCUSSION

This systematic review and meta-analysis is the first to esti-
mate the percentage of GBS disease in neonates with NE and to 
assess differences in survival outcomes compared with infants 
with NE alone. Overall published data are lacking; however, by 
including national research databases, secondary analyses, and 
data from neonatal neurology registers we have been able to 
include comparable data from 29 centers, across 13 countries. 
The contribution from a large number of investigator groups 
across the globe has provided an extensive dataset for this paper 
addressing GBS disease with NE. Due to the sizeable dataset 
denominator, we are able to more accurately determine the pro-
portion of NE associated with GBS, and estimate differences 
in mortality outcome. Our findings show that infants with NE 
are >10 times more likely to be affected by invasive GBS dis-
ease than term infants without NE. The national UK data also 
enabled the first population-wide incidence estimate of GBS-
associated NE, which has contributed to our understanding of 
the global burden of GBS disease [39].

The contribution of the UK NNRD and Canadian CNN 
national data have enabled inclusion of every infant admitted 
to the NICU with NE fulfilling criteria for therapeutic hypo-
thermia in these 2 countries. In addition, the systematic review, 
performed to identify published data on GBS-associated NE, is 
comprehensive, reproducible, and was conducted on multiple 
databases, without limitation by language. A  range of search 
terms to describe NE were utilized to allow for shifting termi-
nology and definitions. Our findings show that 0.58% (95% CI, 
.18%–.98%) of infants with NE who meet criteria for therapeu-
tic hypothermia have GBS disease. This is >10-fold higher than 
the 0.046% (95% CI, .038%–.053%) developed region estimate 
of GBS disease for all term liveborn infants [40].

The incidence of GBS-associated NE ranged from 0% to 2.4%, 
without restriction to those achieving cooling criteria. There was 
notable disparity between the 2 largest datasets—the UK and 
Canada national research databases had 1.19% and 0.17% GBS 
disease, respectively. The variation is possibly a reflection of the 

low overall incidence of identified GBS-associated NE; however, it 
is important to consider the role of intrapartum GBS prophylaxis. 
Our meta-analysis included data from countries that routinely 
screen and treat for maternal GBS colonization (United States, 
Canada, Australia), countries that take a risk factor approach to 
screening (UK, Ireland, Malaysia, Spain, South Africa) and coun-
tries with no current policy (Turkey). GBS disease was more fre-
quently found in NE infants receiving cooling in countries that do 
not routinely screen mothers (proportion with GBS, 1.09% [95% 
CI, .84%–1.35%]) compared to other countries that do (propor-
tion with GBS, 0.21% [95% CI, .00%–.48%]). It is notable that a 
number of NE cohorts from India and Nepal, with no reported 
policy for GBS prophylaxis, had no infants with GBS-associated 
NE. It is unclear why these cohorts have zero case ascertainment, 
although early death in settings where neonatal intensive care is 
not available may have contributed. The US NICHD dataset has 
the largest incidence of GBS (2.4%) [34] and is an outlier among 
others in the subgroup with antenatal GBS screening.

Meta-analysis of the proportion of GBS identified from 
a sterile site among infants with NE is only a measure of the 
proportion of NE with GBS disease. From a public health per-
spective, to obtain a population incidence of GBS-associated 
NE also necessitates data regarding the incidence of NE per 
1000 live births. UK national data [24, 25] can provide popu-
lation-wide estimates of GBS associated NE. We estimate that 
GBS-associated NE occurs in 0.019 per 1000 overall live births 
(95% CI, .019–.02 per 1000 live births).

The risk of death before discharge was doubled for infants 
with a combination of NE and GBS disease, compared with NE 
alone (GBS-associated NE mortality was 21% compared with 
13.7% for NE alone; RR, 2.07 [95% CI, 1.47–2.91]; P < .0001). 
This must be interpreted cautiously in view of the small denom-
inator size among the GBS-associated NE group. The increased 
deaths may have been due to overwhelming sepsis; however, it 
is also biologically plausible that sensitization by inflammation 
increased the extent of brain injury relative to the severity of 
an ischemic insult alone, as demonstrated in preclinical mod-
els [14, 41]. Systemic illness for infants affected with infection 
and hypoxia-ischemia is likely to be more severe, with a com-
bination of hypoxic injury and inflammatory cascade–induced 
dysfunction of organ systems. In one clinical HIE cohort of 258 
infants, evidence of neonatal sepsis was associated with a sig-
nificant increase in brain injury on neuroimaging and a trend 
toward increased mortality and neurodevelopmental impair-
ment [20]. Importantly, in inflammation-sensitized HIE pre-
clinical models, hypothermia has been shown to be variably 
neuroprotective [17, 42]. A recent study, modeling gram-pos-
itive infection prior to HI injury, demonstrated sensitization of 
the brain to HI injury, but also encouragingly, neuroprotection 
with hypothermia [40]. Therapeutic hypothermia may also con-
tribute to systemic instability in sepsis (eg, independently low-
ers blood pressure) [43]. Additionally, therapeutic hypothermia 
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causes chemokine-associated immunosuppression, which 
reduces peripheral leukocyte numbers [44] and may impair 
immune responsiveness to GBS. Reassuringly, treatment with 
therapeutic hypothermia was not associated with an increase 
in culture-positive sepsis in a large meta-analysis of therapeutic 
hypothermia efficacy [9]. The possible higher risk of mortality 
with GBS-associated NE, and the difficulties in differentiating 
sepsis, highlights the importance of empiric antibiotics for all 
infants with NE while investigations for concomitant infection 
are ongoing or where infection cannot easily be ruled out.

Paucity of Data Especially in Low- and Middle-Income Countries

There were no published data specific to GBS-associated NE, 
and only 4 published studies reporting on GBS incidence in 
NE cohorts. This lack of data was overcome, in part, through 
the participation of the many contributions through our 
investigator group.

NE is estimated to be the cause in 23% of neonatal deaths 
worldwide, with 99% of all neonatal deaths occurring in 
LMICs [45]. The incidence of intrapartum-related NE has 
been estimated to be 14.9 per 1000 live births in LMICs com-
pared to 1.6 per 1000 live births in HICs [2], with 95% of 
global death and impairment secondary to intrapartum-re-
lated events occurring in LMICs [2]. The meta-analysis of 
GBS-associated NE among infants does not include any data 
from LICs, where therapeutic hypothermia is not in wide-
spread use, and any published data were from prohibitively 
small cohorts. It can be postulated, however, that the burden 
of GBS disease in combination with NE is likely to be greater 
in LIC settings and our estimates of the incidence of GBS-
associated NE are likely to be an underrepresentation of the 
global problem.

Paucity of Data for Long-Term Impairment

Death before discharge was the only available outcome meas-
ure examined. Ideally, short-term outcomes that have been 
found to be predictive of longer-term outcomes, such as mag-
netic resonance imaging (MRI), would also be reported. More 
importantly, there were insufficient follow-up data available 
to determine long-term outcome, and these data are generally 
lacking after NE [2], after neonatal infections [22], and nota-
bly after GBS [46]—from which this group of infants with 
GBS-associated NE can be considered distinct. Investigator 
groups reported a lack of consistent follow-up of these infants 
as the reason for the paucity of data. If, as preclinical studies 
suggest, there is increased neuronal injury in newborns with 
inflammation-sensitized HIE, the risk of neurodevelopmental 
impairment and later mortality is likely to be increased. In 1 
case-control study, cerebral palsy was strongly associated with a 
combination of clinical chorioamnionitis and MRI evidence of 
hypoxic-ischemic injury (odds ratio, 17.5 [95% CI, 3.3–93.4]; 
P = .001) [47].

Paucity of Data in Stillbirths

Stillborn infants are an important group of infants not repre-
sented in our analysis. Recent analyses show the important con-
tribution of infections to the global toll of 2.6 million annual 
stillbirths [48], but data on GBS and stillbirth are limited [49]. 
Combined hypoxia-ischemia and GBS disease during labor 
may result in even more intrapartum stillbirths than neonatal 
deaths as preclinical models demonstrate an inability by inflam-
mation-sensitized newborns to survive a hypoxic-ischemic 
insult [41, 42].

Neonatal Encephalopathy Case Definition and Subsequent Bias

NE is a descriptive term for a constellation of clinical features, 
without ascribing cause [50]. Terms such as birth asphyxia, 
perinatal asphyxia, HIE, and NE are often interchangeably 
and incorrectly used [2]. To address this in the meta-analysis, 
and ensure the denominator was comparable between cohorts, 
evidence of fulfilling the relatively comparable criteria for 
therapeutic hypothermia was used. However, the criteria for 
cooling were designed to specifically identify that subgroup of 
infants with NE where hypoxia-ischemia is assumed to be the 
primary etiology. However, as a result of this, infants with NE 
due to causes other than intrapartum asphyxia will be under-
represented in our analysis. Septic infants presenting with 
NE (abnormal neurological symptoms are present in 63% of 
neonates with GBS disease [51]) will not be included in the 
meta-analysis unless they also had evidence of intrapartum 
asphyxia. Additionally, infants with overwhelming sepsis may 
be excluded from cooling even in the presence of HIE.

For the UK NNRD dataset, only infants cooled for ≥2 days 
were included in analysis. This was to ensure exclusion of infants 
without clinical evidence of moderate to severe HIE, who were 
subsequently rewarmed early. As a result, cases will be missed, 
namely, those that died on the first day or were rewarmed early 
due to severity of systemic illness.

Cohorts with NE cases not specifying fulfilment of cool-
ing criteria were excluded from meta-analysis; however, this 
excluded data from LICs. This selection bias to our estimate is 
likely to underrepresent the true incidence of GBS-associated 
NE since the incidence of NE has been reported to be 10 times 
higher in low-resource settings [2], and infectious comorbidity 
is also likely to be higher.

Group B Streptococcus Case Ascertainment

Diagnosing GBS invasive disease is an important challenge, as 
outlined in elsewhere in this supplement [52]. The yield of cul-
tures is recognized to be low in neonates due to prior receipt 
of intrapartum antibiotics; small specimen volume; and prior-
itization of rapid administration of postnatal antibiotics over 
sampling, especially for lumbar punctures. “Culture-negative” 
sepsis is a well-recognized entity in neonatal medicine [53]. 
Polymerase chain reaction testing for GBS is available but not 
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widely adopted yet. GBS isolated from the skin, mucosa, tra-
chea, or urine was not included in this review due to the uncer-
tainty over colonization vs infection. The number of cases of 
GBS invasive disease is therefore likely underrepresented.

Improving the Data

The paucity of data on concomitant infection in NE, and long-
term outcomes for infants with NE needs to be addressed. It 
is notable that most major cooling collaboratives reported that 
they do not routinely collect data or report on GBS or other 
coinfection; given the likely contributory role and increase in 
mortality, we recommend this be implemented for GBS and for 
other peripartum pathogens such as gram-negative organisms. 
Future trials of neuroprotective adjuncts to therapeutic hypo-
thermia should incorporate data collection relevant to intrapar-
tum and neonatal infection, and consider secondary analysis 
split by presence of infection. Importantly, long-term neurode-
velopmental follow-up of all NE infants should be standard 
practice, both for clinical care and for quality improvement 
purposes. Addressing data gaps in LMICs should be prioritized.

Public Health Implications

Our conservative estimate of GBS disease occurring in only 
0.58% of NE cases has a larger impact when applied on a global 
scale. Worldwide there are an estimated 1.16 million cases of 

NE per year (8.5 per 1000 live births), resulting in a quarter 
of neonatal deaths [45] and in neurodevelopmental impair-
ment in 700 000 children per year [2]. Preventing GBS infec-
tion will likely reduce global NE incidence and mortality. IAP 
may go some way to reduce infection but will not always be 
implemented prior to in utero infection/inflammation onset. 
More important, IAP is not available to all women around the 
world. For these reasons, maternal vaccination against GBS is 
endorsed.

CONCLUSIONS

This meta-analysis highlights the importance of recogniz-
ing GBS infection in infants with NE. The proportion of term 
infants with NE and coexisting GBS infection is >10 times that 
seen among term infants without NE. Mortality rate among 
infants with GBS-associated NE is close to double that of infants 
with NE without GBS. The final estimate of GBS invasive disease 
in association with NE is limited to a subset of encephalopathic 
infants in high-resource settings, fulfilling criteria for therapeu-
tic hypothermia, and is therefore likely an underestimation of 
the global situation, especially in low-resource settings where 
access to intrapartum care is lacking. Robust follow-up data were 
not available to determine the impact of GBS infection in combi-
nation with NE on long-term survival and neurodevelopmental 
impairment. To ascertain the full extent of the burden of disease, 
data gaps must be addressed, including long term follow-up of 
NE survivors, especially those with infection, and increased data 
from LMICs. The increased mortality rate in GBS-associated NE 
is unlikely to be completely addressed by IAP and may be more 
effectively prevented by maternal vaccination (Table 5).
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Consisting of data provided by the authors to benefit the reader, the posted 
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Background. Survivors of infant group B streptococcal (GBS) disease are at risk of neurodevelopmental impairment (NDI), a 
burden not previously systematically quantified. This is the 10th of 11 articles estimating the burden of GBS disease. Here we aimed 
to estimate NDI in survivors of infant GBS disease.

Methods. We conducted systematic literature reviews (PubMed/Medline, Embase, Latin American and Caribbean Health 
Sciences Literature [LILACS], World Health Organization Library Information System [WHOLIS], and Scopus) and sought unpub-
lished data on the risk of NDI after invasive GBS disease in infants <90 days of age. We did meta-analyses to derive pooled estimates 
of the percentage of infants with NDI following GBS meningitis.

Results. We identified 6127 studies, of which 18 met eligibility criteria, all from middle- or high-income contexts. All 18 studies 
followed up survivors of GBS meningitis; only 5 of these studies also followed up survivors of GBS sepsis and were too few to pool 
in a meta-analysis. Of meningitis survivors, 32% (95% CI, 25%–38%) had NDI at 18 months of follow-up, including 18% (95% CI, 
13%–22%) with moderate to severe NDI.
Conclusions. GBS meningitis is an important risk factor for moderate to severe NDI, affecting around 1 in 5 survivors. However, 
data are limited, and we were unable to estimate NDI after GBS sepsis. Comparability of studies is difficult due to methodological 
differences including variability in timing of clinical reviews and assessment tools. Follow-up of clinical cases and standardization 
of methods are essential to fully quantify the total burden of NDI associated with GBS disease, and inform program priorities.

Keywords. Group B Streptococcus; impairment; infants; disability; estimate.
 

During the Millennium Development Goal era, there have been 
considerable achievements in child survival worldwide, although 
progress for neonatal deaths (days 0–27) has been slower [1, 2]. In 
the era of the Sustainable Development Goals, there is continued 

emphasis on survival, to end preventable newborn and child 
deaths, but also to move beyond survival to improved health 
and maximized child well-being [3]. This shift is highlighted 
in the World Health Organization (WHO) Global Strategy for 
Women’s, Children’s, and Adolescents’ Health, and the 3 pillars of 
survive, thrive, and transform [4]. As maternal and newborn care 
improves in low- and middle-income countries, there may be an 
increase in neurodevelopmental impairment (NDI), including in 
survivors of invasive infection, as was observed in high-income 
countries following advances in perinatal care [5, 6].

Infection is an important cause of neonatal and infant 
death [1]. What is less well recognized is the burden of NDI 
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in survivors of infant infection. NDI may follow invasive infec-
tions including pneumonia, sepsis, and meningitis [7]. The 
neuroimaging findings, mechanisms of brain injury, and subse-
quent NDI after invasive infectious disease are outlined in Box 
1. Data are insufficient to estimate the risk after invasive neona-
tal disease other than meningitis, after which around 23% (95% 
confidence interval [CI], 19%–26%) of survivors are estimated 
to have moderate to severe NDI [7]. Intrauterine and neonatal 
insults, including infections, are estimated to cause NDI in 39% 
(interquartile range [IQR], 20%–55%) of survivors [8].

Group B Streptococcus (GBS; Streptococcus agalactiae) is a 
leading cause of infant sepsis and meningitis. Its contribution to 
NDI and associated disability has not, however, previously been 
assessed by a comprehensive systematic review or pooled esti-
mates. The long-term consequences of infant GBS disease are 
important to understand, to estimate the full burden of GBS dis-
ease, including in terms of standard measures used to assess public 
health priorities, such as disability-adjusted life-years (DALYs).

We aimed to estimate the percentage of survivors 
of infant GBS disease with NDI (Figure 1) as part of a 

supplement estimating the burden of GBS disease in preg-
nant women, stillbirths, and infants, which is important in 
terms of public health policy, particularly vaccine develop-
ment, as outlined elsewhere in this supplement [17]. The 
supplement includes systematic reviews and meta-analyses 
on GBS colonization and adverse outcomes associated with 
GBS around birth [16,18–24]. These are reported individ-
ually according to international guidelines [25, 26] and are 
used for estimates of the burden of GBS worldwide [27] 
(Figure 1).

OBJECTIVES

1. To provide a comprehensive, systematic literature review and 
meta-analyses to assess the following parameters: (i) percentage 
of survivors with any NDI after infant GBS disease; (ii) percentage 
of survivors with moderate to severe NDI after infant GBS disease.

2. To assess these data for input to estimate the burden of GBS 
in pregnancy, stillbirth, and infants.

3. To evaluate the data gaps and make recommendations to 
improve the data on NDI after infant GBS disease.

METHODS

This article is part of a study entitled “Systematic estimates of 
the global burden of GBS worldwide in pregnant women, still-
births and infants.” It was submitted for ethical approval to the 
London School of Hygiene & Tropical Medicine (reference 
number 11966) and approved on 30 November 2016.

Exposure

Case definitions for invasive infant GBS disease include GBS 
meningitis (clinical signs of possible serious bacterial infec-
tion and cerebrospinal fluid (CSF) culture /polymerase chain 
reaction (PCR)/latex agglutination positive for GBS or blood 
culture/PCR/latex agglutination positive for GBS with CSF leu-
kocyte count of >20 × 106/L), GBS sepsis (clinical signs of pos-
sible serious bacterial infection and blood culture/PCR/latex 
agglutination positive for GBS), and GBS pneumonia. These 
definitions are fully described in Supplementary Table 1a.

Outcome

The outcome of interest is NDI. Impairment is defined as a prob-
lem in body function and structure such as significant deviation 
or loss (Supplementary Table 2) [28]. For this analysis of NDI, we 
combined the specific definitions used by the Global Burden of 
Disease study 2013 (GBD2013) [29] and others [30] to be consist-
ent with the literature. Therefore, NDIs are categorized as intel-
lectual and/or motor, vision, or hearing impairment and severity 
classified as mild, moderate, or severe. To maintain consistency 
with GBD2013 definitions, we did not include social, language, 
and behavioral NDI in the quantitative analysis for this review. 
Disability weights for each impairment domain and severity used 
in GBD2013 are also listed in Supplementary Table 1b.

Box 1. Neuroimaging, Mechanisms of Brain Injury, and 
Neurodevelop mental Impairment After Infant Meningitis 
and Sepsis

Meningitis and sepsis can cause brain injury in term and 
preterm infants. Magnetic resonance imaging (MRI) find-
ings consistently show cerebrovascular involvement, and 
abnormal findings on neonatal MRI have been clearly asso-
ciated with poor neurodevelopmental outcome at 2  years 
[9]. A retrospective cohort study in France found that all 9 
cases of infant GBS meningitis in term babies had abnormal 
findings on MRI, of which 56% showed ischemic infarc-
tion (neonatal stroke). Furthermore, a case series of 8 term 
infants with GBS meningitis and ischemic stroke on MRI 
found 2 recognizable patterns of injury, deep perforator 
arterial infarction, and more superficial cortical injury [10, 
11]. Case reports of neuroimaging in term infants with GBS 
meningitis have also found severe global cerebral vasculop-
athy and transverse myelitis [12, 13]. In preterm infants, 
inflammatory cytokines associated with infection increase 
the permeability of the blood–brain barrier and have an 
adverse effect on myelin and myelin-producing cells, result-
ing in periventricular leukomalacia, a condition strongly 
associated with neurodisability [14, 15]. In addition, sepsis 
causes brain injury indirectly through disseminated intra-
vascular coagulopathy and hypotension; this is important to 
consider in cases of neonatal sepsis without meningitis [15]. 
Furthermore, bloodstream infection can have a sensitizing 
effect in the development of hypoxic-ischemic encepha-
lopathy, which is also associated with neurodevelopmental 
impairment [16].
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Data Searches and Inputs

We identified data through systematic review of the published 
literature and through development of an investigator group 
surveying clinicians, researchers, and relevant professional 
institutions worldwide. For this paper, we did systematic lit-
erature searches of PubMed/Medline, Embase, the World 
Health Organization Library Information System (WHOLIS), 
Literature in the Health Sciences in Latin America and the 
Caribbean (LILACS), and Scopus until January 2017. We 
searched databases with variants of terms related to “child,” 
“disability,” “impairment,” “GBS,” “morbidity,” and “mortal-
ity.” Medical subject heading (MeSH) terms were used where 
possible (see Supplementary Table 3 for the full list of search 
terms). There were no date and/or language restrictions 
applied and we translated texts to English when published in 
other languages. We used snowball searches of article refer-
ence lists to identify additional studies. We requested unpub-
lished data from an international network of investigators. 
Where reporting of child neurodevelopmental outcomes was 
not clear, or outcomes were not reported separately for GBS, 
we contacted authors for clarification of terms and defini-
tions used, and assessment of survivors of infant GBS disease. 
If authors were uncontactable, 2 clinicians (M. K.  L., N.  R.) 

discussed and came to a consensus to classify impairment. 
We matched NDI outcomes to GBD2013 and International 
Classification of Diseases [31] definitions to ensure optimal 
comparability between studies.

The full search strategy is illustrated in Figure  2 [26]. Two 
independent investigators (M. K. L., N. R.) performed the data-
base searches, screened titles for duplicates and for eligibility, and 
screened abstracts to assess their suitability for inclusion, and both 
reviewers extracted data. Where there was discrepancy between 
the 2 reviewers, a third investigator (A. S.) made the final decision.

Inclusion and Exclusion Criteria

We included studies of infants with GBS disease in the first 90 
days after birth (see case definitions), which reported study char-
acteristics and assessed child neurodevelopmental outcomes at 
a median of ≥6 months of age. Studies with nonrepresentative 
samples of cases (eg, with a selection bias of preterm births) and 
unsuitable article types were excluded (Supplementary Table 
4). Only cases of moderate or severe NDI were included in the 
main meta-analysis as there was lack of consistency in defini-
tion and proportions of survivors with mild or profound NDI.

The quality of the studies and risks of bias were assessed using 
inclusion and exclusion criteria (see Supplementary Table 4) on 

Figure 1. Neurodevelopmental impairment after infant group B streptococcal (GBS) disease in the disease schema for GBS, as described by Lawn et al [17]. Abbreviations: 
GBS, group B Streptococcus; NE, neonatal encephalopathy.
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validity of study methods, interpretation of results, and applica-
bility of the results.

Data Collection

Data on study characteristics and results were extracted into 
prespecified Excel abstraction forms, and then imported to Stata 
14 software (StataCorp, La Jolla, California) for meta-analyses.

Meta-analyses were done to assess risk of NDI by severity, 
length of follow-up, and neonatal mortality rate (NMR) (per 
1000 live births) context.

We used random-effects meta-analyses to estimate risk of NDI 
using the DerSimonian and Laird method [32]. The primary 
meta-analysis was of GBS meningitis survivors followed up for a 
median of ≥18 months with moderate to severe NDI. We decided 
to focus on moderate to severe impairment as more consistent 
results are seen with moderate to severe NDI [33] and there was lack 
of consistency in the definition and proportions of survivors with 
mild NDI. We chose a median follow-up of ≥18 months to include 
as many studies as possible while demonstrating the most accurate 

possible estimate of NDI, and cases of NDI are likely to manifest with 
longer-term follow-up. A threshold NMR of 5 per 1000 live births 
was used for the sensitivity analyses to reflect newborn care context 
as high-income countries have an average NMR of 4 per 1000 [34]. 
Given lack of variation with varying NMR settings (see below), we 
did not report the primary meta-analysis by NMR setting.

The following sensitivity meta-analyses were done to assess the 
effect of length of follow-up, severity of NDI, and NMR setting: 
(1) GBS meningitis survivors followed up for a median of ≥18 
months with any NDI; (2) GBS meningitis survivors followed up 
for a median of ≥18 months with moderate to severe NDI where 
NMR was ≥5 per 1000 live births; (3) GBS meningitis survivors 
followed up for a median of ≥18 months with moderate to severe 
NDI where NMR was <5 per 1000; (4) GBS meningitis survivors 
followed up for a median of ≥6 months with any NDI; (5) GBS 
meningitis survivors followed up for a median of ≥6 months 
with moderate to severe NDI; (6) GBS meningitis survivors fol-
lowed up for a median of ≥6 months with moderate to severe 
NDI where NMR was ≥5 per 1000; (7) GBS meningitis survivors 

Figure 2. Data search and selection. Abbreviation: GBS, group B Streptococcus.
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followed up for a median of ≥6 months with moderate to severe 
NDI where NMR was <5 per 1000.

RESULTS

Literature Search

We identified 6127 studies through database searches. Of these, 
118 full texts were reviewed and 16 studies met the inclusion 
criteria (Figure  2) [35–49]. Two unpublished datasets (Heath 
et al and Dangor et al) were provided by the investigator group, 
1 of which contained longer-term NDI outcomes of a cohort 
described in a published article. Overall, 18 studies were 
included in the quantitative analysis.

Study Characteristics

All 18 studies followed up survivors of infant GBS meningitis; 5 
of these studies also followed up survivors of infant GBS sepsis 
(Table 1). The numbers of GBS sepsis cases and survivors assessed 
were too few to pool in a meta-analysis (see Supplementary 
Table 5 for summary of results); therefore, we have meta-analyzed 
NDI outcomes after infant GBS meningitis only.

Ten of the 18 articles included were published between 1973 
and 1992. The remaining 8 studies were from 2000 onward. One 
article [38] contained datasets from 2 periods (1976 and 1983) and 
were entered into the meta-analyses separately. Years of data col-
lection ranged from 1970 to 2017, with the median years of data 
collection ranging from 1971 to 2016. Most (8/18) studies were 
done in the United States, 2 in the United Kingdom, 2 in Sweden, 
and 1 each in Germany, Denmark, Singapore, China, Tunisia, and 
South Africa, the latter 3 being the only studies conducted in mid-
dle-income contexts (Figure 3). The majority (15/18) of studies 
were carried out in hospitals, while 3 of 18 studies used national 
surveillance data. The median length of follow-up of infant 
GBS meningitis survivors ranged from 6  months to 10.5  years. 
Neonatal mortality rates at studies’ median point of data collection 
ranged from 1–15 per 1000 live births [51–54]. Further detailed 
characteristics of studies included after systematic review for NDI 
following infant GBS meningitis are given in Table 2.

A wide range of neurodevelopment assessment methods were 
applied. In total, 44 different methods were used (Supplementary 
Table 6); 31 methods were used to assess child cognitive, motor, lan-
guage, and socioemotional or behavioral development; 8 methods 

Table 1. Characteristics of Included Studies Investigating Neurodevelopmental Outcomes After Infant Group B Streptococcal Meningitis

UN Region UN Subregion Country Author
Publication 

Year

Followed 
Sepsis 

Cases (Yes/
No)

Median Year of 
Data Collection

NMR (per 
1000 Live 

Births) Facility

Minimum 
Median 

Follow-up, y

No. of ND 
Assess- 
ments

No. of GBS 
Meningitis 

Survivors (% of 
GBS Meningitis 

Cases)

Africa Southern Africa South AfricaDangor 
(unpublished)

…a Y 2014 11 Hospital 1 3 30 (85.7%)

Northern Africa Tunisia Ben Hamouda 
[36]

2013 N 2003 15 Hospital 5 1 7 (70.0%)

Americas Northern 
America

US Libster [45] 2012 N 2002 5 Hospital 6.8 1 85 (94.4%)
US Franco [42] 1992 N 1975 12 Hospital 4.5 19 10 (90.9%)
US Wald [47] 1986 N 1973 13 Hospital 10.5 1 54 (73.0%)
US Chin [40] 1985 N 1978 9 Hospital 4.3 5 21 (77.8%)
US Edwards [41] 1985 N 1976 10 Hospital 6 1 48 (78.7%)
US Haslam [43] 1977 N 1971 14 Hospital 3.6 1 15 (83.3%)
US Horn [44] 1974 Y Unknown 12 Hospital 1.6 1 7 (41.2%)
US Baker [35] 1973 N 1971 14 Hospital 0.5 1 23 (69.7%)

Asia Southeastern 
Asia

Singapore Wee [48] 2016 N 2005 1 Hospital 2 4 20 (95.2%)

Eastern Asia China Zhu [49] 2014 N 2009 9 Hospital 1.9 1 11 (84.6%)
Europe Northern 

Europe
UK Heath 

(unpublished)
… Y 2015 2 Hospital 3 1 37 (unknown 

as study 
ongoing)

UK Bedford [37] 2001 N 1986 5 National 
surveillance

5 1 103 (unknown)

Sweden Bennhagen [38] 1987 N (a) 1979; 
(b) 1983

(a) 6; 
(b) 4

National 
surveillance

(a) 1.5
(b) 1.5

(a) 1; (b) 1 (a) 16 (80.0%);
(b) 9 (100.0%)

Denmark Carstensen [39] 1985 Y 1980 6 National 
surveillance

0.75 Not reported 26 (74.3%)

Western 
Europe

Germany Schroder [46] 1982 Y 1975 9 Hospital 2.3 1 10 (unknown)

Total 532

Abbreviations: GBS, group B Streptococcus; ND, neurodevelopmental; NMR, neonatal mortality rate per 1000 live births; UK, United Kingdom; UN, United Nations; US, United States.
aThree- and 6-month neurodevelopmental follow-up assessment results have been published [50].
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to assess vision; and 9 methods to assess hearing. Not all studies 
covered all domains or described the methods (Supplementary 
Table 6). The number of child development assessments done for 
each child ranged from 1 to 19 (Supplementary Table 6).

The primary meta-analysis was for risk of moderate to 
severe NDI in survivors of infant GBS meningitis at a median 
≥18 months of follow-up.

When followed up over a median of 18 months, 18% (95% 
CI, 13%–22%) (Figure  4) of GBS meningitis survivors had 
moderate to severe NDI. There were insufficient data for esti-
mates by United Nations subregions, other than for devel-
oped countries, for which the estimate was also 18% (95% CI, 
13%–23%), reflecting the fact that this was where most data 
were from.

Figure  4. Infant group B Streptococcus meningitis survivors followed up for a median of ≥18  months with moderate to severe neurodevelopmental impairment. 
Abbreviations: CI, confidence interval; ES, effect size; GBS, group B Streptococcus; NDI, neurodevelopmental impairment.

Figure 3. Geographic spread of inputs for neurodevelopmental impairment after infant Group B Streptococcus meningitis. Borders of countries/territories in map do not 
imply any political statement.
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Sensitivity meta-analyses were for risk of NDI in survivors 
of infant GBS meningitis by severity, length of follow-up, and 
NMR (per 1000 live births) context.

A series of 7 meta-analyses (meta-analyses 1–7) acted as sen-
sitivity analyses to assess the variation of risk of NDI with as long 
follow-up as possible in different NMR settings. Supplementary 
Figure 1 demonstrates the number of studies included in each 
meta-analysis. 

1. GBS meningitis survivors followed up for median of 
≥18  months with any NDI: 32% (95% CI, 25%–38%) 
(Supplementary Figure 2) of infant GBS meningitis survivors 
had any NDI (mild, moderate, or severe) when followed up 
for a median of at least 18 months.

2. GBS meningitis survivors followed up for median of 
≥18 months with moderate to severe NDI where NMR ≥5 per 
1000: Percentage of GBS meningitis survivors with moderate 
to severe NDI was 18% (95% CI, 12%–24%) (Supplementary 
Figure 3) when followed up for a median of at least 18 months 
where NMR is ≥5 per 1000 live births.

3. GBS meningitis survivors followed up for median of 
≥18 months with moderate to severe NDI where NMR <5 per 
1000: At 18% (95% CI, 8%–28%) (Supplementary Figure 4), 
the percentage of GBS meningitis survivors with moderate to 
severe impairment where NMR is <5 per 1000 was very simi-
lar to results in settings where NMR is ≥5 per 1000 live births.

4. GBS meningitis survivors followed up for median of ≥6 months 
with any NDI: When followed up for a median of at least 
6 months, 27% (95% CI, 20%–34%) GBS meningitis survivors 
were reported to have any NDI (Supplementary Figure 5).

5. GBS meningitis survivors followed up for median of 
≥6  months with moderate to severe NDI: 15% (95% CI, 
11%–20%) of GBS meningitis survivors were reported to 
have moderate to severe NDI at a median of at least 6 months 
of follow-up (Supplementary Figure 6).

6. GBS meningitis survivors followed up for median of 
≥6  months with moderate to severe NDI where NMR is 
≥5 per 1000: The percentage of GBS meningitis survivors 
with moderate to severe NDI was 15% (95% CI, 10%–20%) 
(Supplementary Figure 7) when followed up for a median of 
at least 6 months where NMR is ≥5 per 1000 live births.

7. GBS meningitis survivors followed up for median of 
≥6 months with moderate to severe NDI where NMR is <5 
per 1000: A  slightly greater percentage of GBS meningitis 
survivors followed up for a median of at least 6 months in 
settings where NMR is <5 per 1000 had moderate to severe 
NDI, 18% (95% CI, 8%–28%) (Supplementary Figure  8), 
compared to settings where NMR is ≥5 per 1000.

Table 2 summarizes the results of the above meta-analyses, with 
more details in Supplementary Figures 2–8.

DISCUSSION

GBS is an important contributor to NDI after infant meningi-
tis, of which it is a leading cause. However, data are insufficient 
to assess its contribution to NDI after all infant GBS disease, 
which is important as there are many more cases of infant GBS 
sepsis compared to infant meningitis [27].

Our estimates of moderate to severe NDI following GBS 
meningitis in 18% (95% CI, 13%–22%) of survivors is consist-
ent with the estimate of NDI after meningitis of all infectious 
etiologies, which is 23% (95% CI, 19%–26%) [7]. The slightly 
lower point estimate may be due to differences in the geogra-
phies covered. In our analysis, there were no data from low-in-
come contexts, and data from only 3 middle-income contexts 
(China, Tunisia, and South Africa) and a higher proportion 
of data from developed countries compared to the previous 
work, which limits the generalizability of the NMR sensitivity 
analyses.

Table 2. Results of Meta-analyses for Sensitivity Testing to Assess Variation With Length of Follow-up and/or Severity of Neurodevelopmental Outcome 
by Neonatal Mortality Rate Setting

Meta-analysis Population Included
No. of Studies (No. of 
Children Followed up)

Percentage of GBS Meningitis Survivors With 
Neurodevelopmental Impairment (95% CI)

1. GBS meningitis survivors followed up for median of ≥18 mo 
with any NDI

15 (453) 32 (25–38)

2. GBS meningitis survivors followed up for median of ≥18 mo 
with moderate to severe NDI where NMR ≥5/1000

12 (387) 18 (12–24)

3. GBS meningitis survivors followed up for median of ≥18 mo 
with moderate to severe NDI where NMR <5/1000

3 (66) 18 (8–28)

4. GBS meningitis survivors followed up for median of ≥6 mo 
with any NDI

18 (532) 27 (20–34)

5. GBS meningitis survivors followed up for median of ≥6 mo 
with moderate to severe NDI

18 (532) 15 (11–20)

6. GBS meningitis survivors followed up for median of ≥6 mo 
with moderate to severe NDI where NMR ≥5/1000

15 (466) 15 (10–20)

7. GBS meningitis survivors followed up for median of ≥6 mo 
with moderate to severe NDI where NMR <5/1000

3 (66) 18 (8–28)

Abbreviations: CI, confidence interval; GBS, group B Streptococcus; NDI, neurodevelopmental impairment; NMR, neonatal mortality rate per 1000 live births.
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Improving the data are critical to direct public health inter-
ventions. Currently, and mainly in high-income contexts, ear-
ly-onset cases (the first week after birth) of invasive GBS disease 
are reduced through intrapartum antibiotic chemoprophylaxis, 
but maternal vaccination may offer an alternative strategy in the 
future, with the potential to reduce the morbidity, as well as the 
mortality burden from GBS disease, and be more feasible in set-
tings where a large proportion of deliveries occur at home. There 
were insufficient data to determine whether NDI in GBS men-
ingitis survivors varies between different mortality contexts. For 
settings with an NMR <5 per 1000 live births and ≥5 per 1000 live 
births, the risk of moderate to severe NDI was 18% (8%–28%) 
and 18% (12%–24%), respectively, at median follow-up of at least 
18 months. Whether there is a difference in very high-mortality 
settings (NMR  >15/1000 live births) is unknown. However, as 
>90% of the world’s births are in low- or middle-income contexts, 
the number of cases are likely to be highest in these contexts [2].

Overall it is likely that we are underestimating NDI after inva-
sive infant GBS disease, due to challenges in detection, particu-
larly at the youngest ages. As expected, the prevalence of NDI 
increased with follow-up to 18 months compared to 6 months 
(18% [95% CI, 13%–22%] vs 15% [95% CI, 11%–20%]). While 
we acknowledge that these confidence intervals overlap consid-
erably, the upward trend suggests that longer follow-up is needed 
for accurate case ascertainment. The range of assessment tools 
used for NDI diagnosis limits comparability, and demonstrates 
the need for standardization of methodologies, as well as valida-
tion of tools in different contexts. There were 44 different methods 
used in the studies in this review, which results in heterogeneity 
and lack of true comparability. This review is further limited by 
use of developmental screening tests by some studies, rather than 
diagnostic developmental assessments. While there is no uni-
versal gold standard for high-risk newborn follow-up, studies 
should ensure comprehensive neurodevelopment assessment of 

all domains, and of vision and hearing, and should align methods 
of assessment with contemporary studies. Neurodevelopment 
assessment tools, where not developed locally, should be trans-
lated, culturally adapted, and validated in the setting. NDI in 
GBS-associated preterm and neonatal encephalopathy survivors 
is also important to consider in estimating the total burden of 
GBS disease but was not investigated in this review.

To improve the data, ideally, we should systematically inves-
tigate infants with signs of possible serious bacterial infection to 
ascertain a bacterial infectious etiology, and follow-up for longer 
periods of time to determine NDI outcomes, using standardized 
timing of neurodevelopmental assessment with tools validated 
in the context. To investigate the long-term impact of infant 
infection, particularly in terms of NDI, longer-term cohort 
studies are required (Figure 5). To avoid recruitment bias, study 
participants should be well described, including data on, for 
example, comorbidities, and gestational age and birthweight, 
which (if low) can contribute to NDI. Furthermore, while we 
have focused on physical NDI, a comprehensive assessment of 
all child development outcomes, including socioemotional and 
behavioral outcomes, would also improve understanding of the 
total burden of NDI after infant GBS disease [55, 56].

CONCLUSIONS

GBS is a leading cause of infant meningitis, and almost 
one-fifth of GBS meningitis survivors experience moderate 
or severe NDI. There is an additional, as yet unquantified 
burden associated with other invasive infant disease, such 
as GBS sepsis. It is critical to look toward improving the 
health and well-being of survivors of infant GBS disease, 
and supporting their families, for whom there are financial, 
social, psychological, and emotional impacts. Prevention 
strategies (intrapartum antibiotic chemoprophylaxis) for 

Figure 5. “Iceberg” of data available on neurodevelopmental outcomes after infant group B streptococcal (GBS) disease.
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early-onset invasive infant GBS disease are currently lim-
ited to developed countries, and only around the time of 
birth. Maternal GBS vaccination may be able to reduce the 
burden of GBS disease further, particularly GBS menin-
gitis, which mainly presents as late-onset disease beyond 
7 days of life (Table 3).

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding author.
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Background. We aimed to provide the first comprehensive estimates of the burden of group B Streptococcus (GBS), including inva-
sive disease in pregnant and postpartum women, fetal infection/stillbirth, and infants. Intrapartum antibiotic prophylaxis is the cur-
rent mainstay of prevention, reducing early-onset infant disease in high-income contexts. Maternal GBS vaccines are in development.

Methods. For 2015 live births, we used a compartmental model to estimate (1) exposure to maternal GBS colonization, (2) cases 
of infant invasive GBS disease, (3) deaths, and (4) disabilities. We applied incidence or prevalence data to estimate cases of maternal 
and fetal infection/stillbirth, and infants with invasive GBS disease presenting with neonatal encephalopathy. We applied risk ratios 
to estimate numbers of preterm births attributable to GBS. Uncertainty was also estimated.

Results. Worldwide in 2015, we estimated 205 000 (uncertainty range [UR], 101 000–327 000) infants with early-onset disease 
and 114 000 (UR, 44 000–326 000) with late-onset disease, of whom a minimum of 7000 (UR, 0–19 000) presented with neonatal 
encephalopathy. There were 90 000 (UR, 36 000–169 000) deaths in infants <3 months age, and, at least 10 000 (UR, 3 000–27 000) 
children with disability each year. There were 33 000 (UR, 13 000–52 000) cases of invasive GBS disease in pregnant or postpartum 
women, and 57 000 (UR, 12 000–104 000) fetal infections/stillbirths. Up to 3.5 million preterm births may be attributable to GBS. 
Africa accounted for 54% of estimated cases and 65% of all fetal/infant deaths. A maternal vaccine with 80% efficacy and 90% cov-
erage could prevent 107 000 (UR, 20 000–198 000) stillbirths and infant deaths.

Conclusions. Our conservative estimates suggest that GBS is a leading contributor to adverse maternal and newborn outcomes, 
with at least 409 000 (UR, 144 000–573 000) maternal/fetal/infant cases and 147 000 (UR, 47 000–273 000) stillbirths and infant 
deaths annually. An effective GBS vaccine could reduce disease in the mother, the fetus, and the infant.

Keywords. group B Streptococcus; infection; newborn; stillbirth; maternal. 

The number of worldwide child deaths has declined, from 
an estimated 12.7 million in 1990 to 5.9 million in 2015 [1]. 
However, there has been less progress in reducing neonatal 
mortality and stillbirths, with 2.7 million neonatal deaths and 
2.6 million stillbirths in 2015 [2, 3]. Maternal mortality remains 
unacceptably high, with an estimated 303 000 deaths in 2015. 
Most of this burden is in low-income settings, particularly in 
sub-Saharan Africa and South Asia [1, 2, 4].

Infection is an important cause of maternal, fetal, and 
infant mortality in low- and middle-income contexts [1, 5–7]. 
However, in addition to the substantial burden of mortal-
ity, there is a mostly unquantified burden of infection-related 
short- and long-term morbidity [8]. Infections are also an 
important underlying contributor to preterm birth and neo-
natal encephalopathy, which, along with infections, are leading 
causes of neonatal mortality and subsequent adverse outcomes 
worldwide [8–11].

Understanding of specific infectious etiologies is, however, 
limited [12]. Quantifying the burden of individual etiologies 
is necessary to inform public health interventions. Group B 
Streptococcus (GBS) is an important perinatal pathogen [13, 
14], yet to date no systematic estimates have been undertaken 
of its overall global burden [15].
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GBS is a frequent colonizer of the maternal gastrointestinal 
and genital tracts. Overall, 18% (95% confidence interval [CI], 
17%–19%) of women worldwide are estimated to be colonized, 
although there is regional variation in prevalence, ranging from 
a high prevalence in the Caribbean of 35% (95% CI, 35%–40%), 
to a much lower prevalence in Southern Asia and Eastern Asia 
(13% [95% CI, 10%–14%] and 11% [95% CI, 10%–12%], respec-
tively) [16]. Ascending infection can cause maternal, fetal, and 
early-onset neonatal disease (days 0–6), leading to maternal 
death, stillbirth, and/or neonatal death [17–19]. In survivors 
of neonatal or young infant GBS disease, neurodevelopmen-
tal impairment may result [20]. In addition to causing invasive 
neonatal disease, maternal GBS colonization also increases the 
risk of preterm birth [21]. Neonatal encephalopathy (NE) may 
occur with invasive GBS disease, but maternal GBS coloniza-
tion and ascending infection also increases the risk of NE [22].

Preventive measures aimed at reducing the risk of invasive 
early-onset GBS disease (EOGBS) in newborns have focused 
on intrapartum antibiotic prophylaxis (IAP), with intravenous 
antibiotics given to women in labor, based either on microbi-
ological screening or clinical risk factors [23]. However, this 
depends on national policy and a health system with the capacity 
to implement either strategy with appropriate coverage. While 
reductions in EOGBS disease (days 0–6 after birth) in the United 
States have been observed [24], IAP does not prevent late-onset 
GBS disease (LOGBS; days 7–89) [25] and is unlikely to have 

an impact on stillbirth or preterm birth. GBS vaccines are in 
development [26] and, if given to women, could be effective in 
preventing these outcomes as well as infant and maternal inva-
sive GBS disease [15]. Vaccine candidates include protein-based 
formulations and serotype-specific polysaccharide-protein con-
jugates [27] and thus an understanding of serotype distribution 
in maternal and infant disease worldwide is important.

This is the last article in a supplement estimating the burden 
of invasive GBS disease in pregnant and postpartum women, 
stillbirths, and infants (Figure  1) [15]. The supplement 
includes systematic reviews and meta-analyses across the dis-
ease burden schema (Figure 2). These provide input parame-
ters into the compartmental model described here, for infant 
GBS cases, deaths, and disability (Figure 3). We also estimate 
maternal GBS disease, stillbirths with GBS disease, the subset 
of cases of infant GBS disease who also have neonatal enceph-
alopathy, and preterm birth attributable to GBS. These are 
reported according to international guidelines [28, 29].

OBJECTIVES

We aimed to:

1. Estimate national, regional, and worldwide numbers of 
infants in 2015 with invasive GBS disease (including those 
presenting with neonatal encephalopathy), and outcomes in 
terms of deaths and disability, using a compartmental model.

Figure 1. Overview of the articles in this supplement to estimate the worldwide burden of group B Streptococcus. Adapted from Lawn et al [15]. Abbreviations: GBS, group 
B Streptococcus; NE, neonatal encephalopathy.
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Figure 2. Disease schema for outcomes of maternal group B Streptococcus colonization showing worldwide estimates for 2015. Adapted from Lawn et al [15]. Abbreviations: 
GBS, group B Streptococcus; NE, neonatal encephalopathy.

Figure  3. Compartmental model for estimating cases of infant group B streptococcal disease, deaths, and disability. Abbreviations: EOGBS, early-onset group B 
Streptococcus; GBS, group B Streptococcus; IAP, intrapartum antibiotic prophylaxis; LOGBS, late-onset group B Streptococcus.



GBS in Pregnant Women, Stillbirths, and Children • CID 2017:65  (Suppl 2) • S203

GBS in Pregnant Women, Stillbirths, and Children

2. Estimate national, regional, and worldwide numbers of cases 
in 2015, using pooled estimates of incidence, proportions or 
risk ratios, derived from meta-analyses for:
a. maternal GBS disease,
b. stillbirths with invasive GBS disease, and
c. Preterm birth attributed to maternal GBS colonization.

3. Estimate the number of maternal and infant cases, infant 
deaths, and stillbirths currently prevented by IAP, and pre-
ventable cases and deaths with high worldwide IAP coverage 
and/or maternal GBS vaccination.

4. Describe GBS serotypes colonizing mothers and causing 
maternal and infant GBS disease, summarizing reported 
regional variation.

METHODS

We summarize our methods according to our 4 objectives as 
follows:

1. Estimate national, regional, and worldwide numbers of 
infants in 2015 with invasive GBS disease (including those 
presenting with neonatal encephalopathy) and outcomes in 
terms of deaths and disability, using a compartmental model.

Modeling Approach

We conceptualized the full burden of GBS disease (Figure 2) to 
include pregnant and postpartum women, fetal infections (based 
on stillbirths), and infants, as described in the first article in this 
supplement [15]. We took a compartmental model approach to 
modeling infant invasive GBS disease, deaths, and disability, with 
4 steps as illustrated in Figure 3. For the first step in the model 
(maternal GBS colonization), the step where most data were 
available for national prevalence estimation, we also attempted a 
multivariable regression model to predict national maternal GBS 
colonization, as an alternative to using a subregional estimate 
when national-level data were limited (Appendix).

Data Inputs

We sought data inputs from the published literature through sys-
tematic reviews and unpublished sources through research data-
bases and investigators worldwide, as summarized in the previous 
10 articles (Figure 1). The specific methods used for each of these 
(database searches, inclusion and exclusion criteria, data charac-
teristics, criteria used to assess bias and sensitivity analyses) are 
described in general [15] and reported elsewhere [16–23, 30]. We 
performed meta-analyses, to obtain estimates of maternal GBS col-
onization prevalence [16], the ratio of late-onset to early-onset inva-
sive GBS disease [19], case fatality risks (CFRs) [19], proportion of 
cases with meningitis [19], proportion of infants with GBS menin-
gitis who had moderate to severe neurodevelopmental impairment 
[20], incidence of maternal GBS disease in pregnant/postpartum 
women [17], prevalence of GBS disease in stillbirth [18], prev-
alence of GBS disease in neonatal encephalopathy [22], and the 
association between maternal GBS colonization and preterm birth 
[21]. We calculated pooled estimates using random-effects models 

[31] to allow for heterogeneity across studies by use of a statistical 
parameter representing the variation between studies.

Burden Estimation Applying the Compartmental Model
Step 1. Exposure to Maternal Group B Streptococcus Colonization
For the first step of the compartmental model, we determined 
maternal GBS colonization prevalence for countries, subregions 
(South America, Central America, Caribbean, Western Asia, 
Southern Asia, South-Eastern Asia, Eastern Asia, Oceania) and 
regions (Latin America, Asia, Africa, Oceania, developed) as 
described elsewhere [16], to apply to estimates of live births in 
195 countries for 2015, using latest United Nations data [32]. 
The colonization data were adjusted for sampling site (rectal 
and/or vaginal) and laboratory culture methods [16]. Where 
data were considered sufficient (≥1000 mothers tested for 
rectovaginal colonization), we used an estimate for individual 
countries. Where data were limited (<1000 mothers tested for 
rectovaginal colonization), we used a subregional estimate, and 
where no subregional estimate was available, we used a regional 
estimate (Supplementary Table 1 for inputs by country).

Step 2. Cases of Invasive Early-Onset Disease and Late-Onset 
Disease in Different Intrapartum Antibiotic Prophylaxis Settings
For the second step of the compartmental model, we assessed 
IAP policies and their implementation in countries as described 
elsewhere in this supplement [23], and categorized 89 countries 
with data available into 1 of 4 categories, which were (1) micro-
biological screening for maternal GBS colonization with IAP and 
high implementation coverage (>50% of mothers screened and 
given IAP if appropriate); (2) clinical risk factor approach with 
IAP given to mothers with risk factors before delivery and high 
implementation coverage (>50% with risk factors receiving IAP); 
(3) microbiological screening for maternal GBS colonization 
with IAP and low implementation coverage (<50%); (4) clinical 
risk factor approach with IAP given to mothers with risk factors 
before delivery and low implementation coverage (<50%), or no 
IAP strategy in place. We assigned countries in the developed 
region with no data to category 1 as a conservative approach, and 
of those countries reporting these data, 21 of 31 developed coun-
tries were in group 1. We assigned countries, not in the developed 
region and with no data to group 4, as 51 of 59 countries not in 
the developed region reporting these data were in this group.

We then assessed the risk of EOGBS disease in studies 
reporting maternal GBS colonization data, and the use of IAP, 
as described elsewhere in this supplement [30]. We used the 
linear association between IAP use and risk of EOGBS disease 
described in [23] to estimate the risk of EOGBS disease in each 
of the 4 contexts, with specific risks for each group as follows: 
group 1 = 0.3% (95% CI, .0–.9%); group 2 = 0.6% (95% CI, .10%–
1.2%); group 3 = 0.9% (95% CI, .4%–1.5%); group 4 = 1.1% (95% 
CI, .6%–1.5%). For each country, the number of cases of EOGBS 
was estimated by multiplying the estimated number of exposed 
babies by the appropriate risk for that country.
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We used regional estimates of the ratio of early-onset to 
late-onset GBS cases [19] to then estimate the number of LOGBS 
cases. For Oceania, where data were lacking, we applied the esti-
mate for Asia, as the most similar regional context. There were 
variations in estimates, with the highest ratio in Asia (5.99 [95% 
CI, 2.40–14.9]) suggesting more EOGBS than LOGBS, and low-
est in Africa (1.02 [95% CI, 0.82–1.27]). We give parameters for 
each region in Table 1. These regional estimates could, however, 
be affected by low case ascertainment. This could reduce EOGBS 
disease cases, particularly those with home delivery, inadequate 
access to care and/or high rapid CFR, and/or late-onset cases, 
particularly if cerebrospinal fluid sampling is not undertaken, 
and cases of GBS meningitis are thus not detected. We therefore 
did a sensitivity analysis applying a worldwide ratio of early-on-
set to late-onset GBS disease from high-quality studies world-
wide (1.11 [95% CI, 0.90–1.30] / 3.92) [19].

Step 3. Deaths in Early-Onset and Late-Onset Group B 
Streptococcus Disease
For the third step of the compartmental model, we applied 
region-specific CFRs to 3 different groups that differ consid-
erably in terms of outcome: EOGBS cases delivered without a 
skilled birth attendant, EOGBS cases delivered with a skilled 
birth attendant, and LOGBS cases.

Case fatality risk for EOGBS: We applied percentages of skilled 
birth attendance for each country to EOGBS cases to determine 
EOGBS cases which would, and would not, have been attended 
by a skilled birth attendant. We applied a CFR of 0.9 (0.3–1.0) 
to estimated EOGBS cases born without a skilled birth attend-
ant, based on expert opinion as to the likely high CFR in these 
“unseen” cases. To estimate deaths from EOGBS born with a 
skilled birth attendant (and for all developed countries), we esti-
mated regional CFRs for EOGBS from facility-based data, as 
described elsewhere in this supplement [19]. We applied these 
regional CFRs to cases of EOGBS disease with skilled birth 
attendance. The highest CFR for EOGBS with skilled attend-
ance was in Africa (0.27 [0.15–0.37]), then Latin America (0.17 
[0.05–0.30]), Asia (0.14 [0.06–0.23]), and developed countries 
(0.05 [0.04–0.07]) (Table 1). For Oceania, where even regional 
data were lacking, we applied the risk in Asia, being the most 
geographically proximal.

Case fatality risk for LOGBS: We also estimated regional CFRs 
for LOGBS from facility-based data, as described elsewhere in 
this supplement [19]. Regional CFRs for LOGBS were lower 
than EOGBS overall, with the highest again in Africa (0.12 
[0.05–0.19]) (Table 1). Due to insufficient data from Oceania, 
we applied the CFR for Asia.

Step 4. Disability or Impairment After Infant Group B Streptococcus 
Meningitis
We estimated moderate to severe neurodevelopmental 
impairment (NDI) after meningitis, only, because data were 

insufficient to estimate NDI after sepsis, as described else-
where in this supplement [20]. To do this, we applied the per-
centage of infant cases of GBS disease which were meningitis, 
for early (12% [8%–15%]) and late-onset (42% [30%–55%]) 
GBS disease [18] to estimates of EOGBS and LOGBS survi-
vors. We then applied an incidence risk of moderate to severe 
NDI at 18 months of age of 0.18 (0.13–0.22) [20]. These data 
were limited to developed countries; however, we applied this 
proportion worldwide, on the basis that this would be a mini-
mum estimate as NDI was unlikely to be lower in settings with 
reduced levels of care.

Triangulation of Infant Invasive Group B Streptococcus Disease Cases 
From the Compartmental Model With Estimates Based on Incidence Data

We compared the results from the compartmental model for 
infant GBS disease cases with those estimated using incidence 
data on infant GBS disease [19]. To do this, we calculated subre-
gional incidence, or regional incidence where subregional data 
were not available, of EOGBS and LOGBS disease. We applied 
these to estimates of live births for each country in 2015. Data 
inputs are given for each country in Supplementary Table 2.

Infants With Invasive Group B Streptococcus Disease Presenting With 
Neonatal Encephalopathy

To calculate the numbers of infants with invasive GBS disease 
and coexistent neonatal encephalopathy, we used previously 
published national incidences of neonatal encephalopathy and 
modeled uncertainties and adjusted these for births in 2015 
[11]. Then using our new data, we calculated the proportion 
of invasive GBS disease among these cases of NE. In developed 
countries, among all NE cases included in cooling trials, 0.51% 
(95% CIs, 0.05%–0.97%) were also identified as having GBS dis-
ease [22]. Data inputs were limited for data from other regions 
(3/16 studies), so we used the worldwide estimate of 0.58% (95% 
CIs, 0.18%–0.98%) of NE cases with GBS disease to apply in 
Africa, Asia, Latin America, and Oceania. Since our case defin-
ition assumes that cases of NE with GBS count as a case of GBS 
invasive disease, we include these numbers within our estimates 
of GBS infant disease.

2. Estimate country, regional, and worldwide number of cases 
of GBS-associated maternal disease, stillbirths, and preterm 
birth, for births in 2015 using pooled estimates of incidence, 
proportions, or risk ratios, derived from meta-analyses.

Where a compartmental approach was not possible, we used 
incidence, prevalence, or risk ratios from pooled data applied 
to births in 2015 to make minimum estimates of worldwide, 
regional, and national estimates for cases attributable to GBS 
(Figure 2).

a. Maternal GBS disease

We calculated the pooled incidence of maternal GBS disease 
per 1000 maternities and applied this to a denominator of total 
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births worldwide to estimate cases. As described elsewhere [17], 
data were only available for developed countries, with a pooled 
estimate of 0.23 (95% CI, .09–.37) per 1000 maternities. We 
applied this to all regions, on the basis that maternal GBS disease 
was unlikely to be lower in settings with reduced levels of care.

b. Stillbirths with GBS disease

We calculated the pooled prevalence of GBS disease in stillbirths, 
equating also to the minimum number of fetal infections. Data 
were available from developed countries (1% [95% CIs, 0–2%]) 
and from Africa (4% [95% CIs, 2%–6%]) [18]. For regions with 
no data, we applied the prevalence of GBS in stillbirths from 
developed countries, on the basis that GBS-associated stillbirth 
was unlikely to be lower in settings with reduced levels of care. 
However, as this is a conservative approach, we did a sensitivity 
analysis applying the regional estimate from Africa (4% [95% 
CIs, 2%–6%]) [18] to regions with no data.

c)  Preterm birth associated with maternal GBS 
colonization

We calculated pooled risk ratios or odds ratios for the associa-
tion between maternal GBS colonization and preterm birth [21]. 
For cohort or cross-sectional studies, the risk ratio  was  1.21 
(95% CI, .99–1.48; P =  .061), and for case-control studies, the 
odds ratio was 1.85 (95% CI, 1.24–2.77; P = .003). However, for 
preterm birth the results, in terms of the association between 
maternal colonization and preterm birth, are susceptible to 
confounding and bias. For preterm birth, we thus give a range 
for the number of cases, based on calculation of the population 
attributable fraction, which could be attributable to GBS given 
maternal GBS colonization [16] and incidence of preterm birth 
[33]. The ranges are based on the range in the 95% CIs of risk 
and odds ratios (1.0–2.8) for the association between maternal 
GBS colonization and preterm birth.

3. Estimate maternal and infant cases, stillbirths, and infant 
deaths, prevented by IAP at present, and preventable cases 
and deaths with high worldwide IAP coverage and/or mater-
nal GBS vaccination.

We applied risks, without adjusting for IAP use, to estimates of 
live births for 2015 to calculate early-onset cases with no IAP 
use. We adjusted for skilled birth attendance as previously and 
applied regional facility CFRs to estimate deaths with no IAP 
use. We subtracted current cases and deaths in early infancy to 
calculate those currently prevented by IAP.

For IAP scale-up worldwide, we assumed that all births 
were being attended by a skilled birth attendant,  able to pro-
vide careful clinical monitoring for risk factors at delivery and 
administer IAP, but we did not adjust CFRs for this. Given these 
assumptions, we applied risks of EOGBS disease with a clinical 
risk factor approach, with coverage >50% and IAP worldwide 
where microbiological screening and IAP was not already in 

place. We did not calculate cases prevented with IAP for preg-
nant or postpartum women or stillbirths, or late-onset cases as 
these are not the target of IAP and any effect is likely to be lim-
ited due to the timing of IAP administration.

For maternal GBS vaccination, we calculated cases prevented 
(with no IAP) by a maternal GBS vaccine with 80% efficacy 
and coverage at 50% and 90%, for births in 2015. No assump-
tions were made on skilled birth attendance and/or laboratory 
capacity.

4. Describe GBS serotypes colonizing mothers and causing 
maternal and infant GBS disease.

We calculated the prevalence of GBS serotypes (Ia/Ib/II–X) col-
onizing mothers and causing maternal and infant GBS disease 
from meta-analyses of proportions of each serotype reported in 
each disease syndrome [16, 17, 19]. We calculated the coverage 
of a pentavalent maternal GBS vaccine (Ia/Ib/II/III/V) based on 
these data.

Uncertainty Estimation

For the compartmental model, we included uncertainty at 
every step by taking 1000 random draws, assuming a normal 
distribution with a mean equal to the point estimate of the 
parameter, and standard deviation (SD) equal to the estimated 
standard error (SE) of the parameter. We present the 2.5th and 
97.5th centiles of the resulting distributions as the uncertainty 
range (UR).

For the incidence or proportional approach, we estimated 
uncertainty around the point estimate with the same approach, 
taking 1000 random draws, assuming a normal distribution with 
a mean equal to the point estimate of the parameter, and SD equal 
to the estimated SE of the parameter. We present the 2.5th and 
97.5th centiles of the resulting distributions as the UR.

Source Code

Code used for the estimation process is available online at 
https://doi.org/10.17037/data.51.

RESULTS

We summarize our results according to our 4 objectives as 
follows:

1. Estimate country, regional, and worldwide cases of invasive 
infant GBS disease, and outcomes in terms of deaths and dis-
abilities for live births in 2015 using a compartmental model.

Step 1. Exposure to Maternal Group B Streptococcus Colonization

We estimated that, of 140 million live births in 2015, there 
were 21.3 million (UR, 16.4–27.0 million) infants exposed to 
maternal GBS colonization at delivery. There were 74.5 mil-
lion live births in Asia with 8.9 million (UR, 6.7–10.7 million) 
infants exposed, 40.7 million live births in Africa with 8.0 mil-
lion (UR, 5.3–10.3 million) infants exposed, 11.0 million live 
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births in Latin America with 2.1 million (UR, 1.7–2.5 million) 
infants exposed, 260 000 live births in Oceania with 33 000 (UR, 
31–36 000) infants exposed and 13.4 million live births in devel-
oped countries with 2.8 million (UR, 2.3–3.2 million) infants 
exposed (subregional estimates in Supplementary Figure 3).

Step 2. Cases of Early-Onset and Late-Onset Disease in Different 
Intrapartum Antibiotic Prophylaxis Settings

We estimated that there were 319 000 cases (UR, 119 000–
417 000) of infant invasive GBS disease worldwide. Most cases 
were EOGBS disease, with 205 000 (UR, 101 000–327 000) cases 
compared to 114 000 (UR, 44 000–326 000) LOGBS cases. With 
a high absolute number of births, and thus newborns exposed, 
Asia had the highest number of EOGBS disease cases, with 
95 000 (UR, 53–143 000). Africa had fewer EOGBS cases 85 000 
(UR, 44–133 000), but, because of the differences in early-on-
set to late-onset disease ratios, more LOGBS disease cases, with 
84 000 (UR, 43–140 000) in Africa compared to 17 000 (UR, 
0–146 000) in Asia. In contrast, developed countries had 11 000 
(UR, 0–26 000) cases of EOGBS and 6000 (UR, 0–15 000) cases 
of LOGBS disease (Table 2; Figure 4; Supplementary Figure 4). 
Using a fixed worldwide ratio of early-onset to late-onset disease 
based only on high-quality studies (sensitivity analysis), we esti-
mated a higher 184 000 (UR, 142–196 000) LOGBS infant cases. 
Asia accounted for this increase, with 84 000 (UR, 65–90 000) 
LOGBS disease cases (Supplementary Figure 5).

Step 3.  Deaths in Early-Onset and Late-Onset Group B Streptococcus 
Disease

We estimated that there were 90 000 (UR, 36 000–169 000) 
deaths in infants due to invasive GBS disease worldwide. 
Africa accounted for 54 000 (UR, 22 000–98 000) of these, Asia 
31 000 (UR, 13 000–60 000), Latin America 4000 (600–10 000), 
Oceania 200 (UR, 60–300), and developed countries 800 (UR, 
0–2000).

In terms of deaths due to EOGBS, there were 51 000 deaths 
(UR, 23 000–89 000) in infants without access to healthcare 
worldwide. There were a further 27 000 (UR, 9000–50 000) deaths 
from EOGBS in facilities in developing countries. In contrast, 
there were 500 (UR, 0–1300) deaths in developed countries from 
EOGBS. In terms of LOGBS deaths, overall deaths were lower, 
with 12 000 (UR, 3–30 000) worldwide. Most of these 10 000 (UR, 
3000–21 000) were in Africa. Regional and subregional estimates 
are given in Table 2 and Supplementary Figure 6 and illustrated 
in Figure 5. Countries with the highest number of cases are not 
always those with the highest number of deaths, as illustrated for 
Nigeria, Ethiopia, and Pakistan (Table 3).

Step 4.  Disability: Calculation of Impairment After Infant Group B 
Streptococcus Meningitis

We estimated that a minimum of 10 000 (UR, 3 000–27 000) infants 
worldwide had moderate to severe NDI after GBS meningitis. Of 
these, more than half were in Africa (6000 [UR, 3000–12 000]), 

with 3000 (UR, 0–11 000) in Asia, 700 (UR, 100–2300) in Latin 
America, 700 (UR, 0–1700) in developed countries, and <100 
(UR, 0–100) in Oceania (Table 4; Supplementary Figure 7).

Triangulation of Infant Invasive Group B Streptococcus Disease 
Cases From the Compartmental Model With Estimates Based on 
Incidence Data
Applying pooled incidences of EOGBS and LOGBS to the 140 
million live births for 2015, we estimated a much lower burden, 
particularly for EOGBS cases, than that estimated using the com-
partmental model. We estimated 51 000 (UR, 23 000–89 000) 
infants with EOGBS and 40 000 (UR, 12 000–75 000) infants with 
LOGBS worldwide (subregional estimates in Supplementary 
Figures 8 and 9). These are likely to be considerable underestimates 
as cases are systematically underascertained, particularly in low- 
and middle-income contexts, as described in Table 2 and Figure 6.

Infants With Invasive Group B Streptococcus Disease Presenting With 
Neonatal Encephalopathy

We estimated that there were a minimum of 7000 (300–19 000) 
infants with invasive GBS disease presenting with neonatal 
encephalopathy. There were an estimated 3400 (UR, 200–9000) 
cases in Asia, 3300 (UR, 100–8600) in Africa, 300 (UR, 0–1200) 
in Latin America, 100 (UR, 0–300) in developed countries, and 
10 (UR, 0–40) in Oceania (subregional estimates are given in 
Supplementary Figure 10).

2. Estimate country, regional, and worldwide cases, for births 
in 2015 using pooled estimates of incidence, proportions, 
or risk ratios, derived from meta-analyses for maternal GBS 
disease, stillbirth with GBS disease, and preterm birth associ-
ated with maternal GBS colonization:

a. Maternal GBS disease

We estimated that there were a minimum of 33 000 (UR, 
13–52 000) cases of maternal invasive GBS disease worldwide. 
Estimates are given by subregion in Supplementary Figure 11 
and region in Table 4.

b. Stillbirth with GBS disease

We estimated that there were a minimum of 57 000 (UR, 12 000–
104 000) cases of stillbirth with GBS disease worldwide, equating 
to a minimum of 57 000 (UR, 12 000–104 000) fetal infections. Of 
these, Africa accounted for 42 000 (UR, 10 000–71 000) and Asia 
13 000 (UR, 1000–30 000) (Supplementary Figure 12 and Table 4). 
Applying the higher regional estimate for Africa to regions where 
there are no data (sensitivity analysis), the number of stillbirths 
with GBS disease was much higher, at 96 000 (UR, 26–168 000) 
worldwide, with Asia accounting for 50 000 (UR, 14 000–87 000) 
of these, almost all the increase (Supplementary Figure 13).

c. Preterm birth attributable to GBS

We estimated that the range of cases of preterm birth attrib-
utable to GBS was 0–3.5 million. The cases of preterm birth 
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attributable to GBS according to each risk ratio (in 0.2 incre-
ments [1.0–2.8]) are given in Supplementary Table 4.

3. Estimate maternal and infant cases, infant deaths, and still-
births prevented by IAP at present, and preventable cases and 
deaths with high worldwide IAP coverage and/or maternal 
GBS vaccination.

Contingent in the limitations in our estimates, we estimated 
that 29 000 infants (UR, 0–51 000) with EOGBS and 3000 (UR, 
0–108 000) infant deaths were prevented by intrapartum anti-
biotic prophylaxis worldwide in 2015. With worldwide appli-
cation of a clinical risk factor–based approach (microbiological 

screening where already in place), and IAP (>50% coverage), 
we estimate that 83 000 (UR, 0–166 000) cases of EOGBS and 
27 000 (UR, 0–110 000) deaths could be prevented worldwide 
(not adjusting CFRs for the changes in skilled birth attend-
ance that IAP administration would require). With world-
wide maternal vaccination (and no IAP assumed), a maternal 
GBS vaccine with 80% efficacy and 50% coverage would pre-
vent 127 000 (UR, 63 000–282 000) infant and maternal GBS 
cases, 23 000 (UR, 6000–42 000) stillbirths, and 37 000 (UR, 
15 000–68 000) infant deaths. A maternal vaccine with the 
same assumptions with 90% coverage would prevent 229 000 
(UR, 114 000–507 000) infant and maternal GBS cases, 41 000 

Table 2. Estimated Cases of Maternal, Fetal, and Infant Group B Streptococcal Disease in 2015

Region Maternal GBS Disease Fetal Infectiona EOGBS Disease LOGBS Disease

Southern Asia 8700 9700 42 500 7600
(4000–14 000) (1200–21 300) (23 000–65 400) (0–57 000)

Eastern Asia 4100 1300 21 900 3900
(1700–6700) (0–2300) (12 700–32 900) (0–30 000)

Central Asia 400 200 2300 400
(200–600) (0–400) (1300–3200) (0–3000)

Western Asia 1300 800 9200 1600
(600–2200) (0–1700) (5100–13 800) (0–12 400)

South-Eastern Asia 2900 1500 19400 3500
(1200–4600) (0–3300) (10 800—28 700) (0–43 200)

Asia 35 900 13 400 95 300 17 000
(7 100–28 100) (1200–29 600) (52800–142 900) (0–145 600)

Oceania 60 40 400 100
(20–100) (0–100) (10 800–28 700) (0–43 100)

Northern Africa 1400 3900 15400 15 000
(600–2300) (1000–6700) (8600–22 400) (8300–24 000)

Southern Africa 300 800 4000 3900
(100–500) (200–1400) (2300–5500) (2300–6000)

Eastern Africa 3300 12 600 26 400 25 900
(1300–4600) (3100–21 700) 15 300–40 300) 14 700–42 700)

Western Africa 3200 18 300 23 500 23 000
(1300–5200) (4500–30 800) (10 200–39 000) (10 300–41 000)

Middle Africa 1400 6300 15 900 15 600
(3300–12 500) (1600–10 800) (7900–25 600) (7500–25 900)

Africa 9600 42 000 85 200 20 700
(6700–25 000) (10 400–71 400) (44 300–132 800) (43 100–140 000)

Caribbean 200 100 2600 1300
(60–300) (0–200) (1500–3700) (0–4300)

Central America 800 200 3100 1700
(300–1300) (1700–13 400) (200–6430) (0–6100)

South America 1600 600 8000 4200
(700–2600) (0–1200) (1700–14 400) 4000–14 500)

Latin America 3700 900 13 700 5900
(1000–4100) (0–2000) (3400–24 400) (4000–24 800)

Developed countries 3000 500 10 900 6000
(1300–5000) (0–800) (0–25 800) (0–15 500)

Total 32 800 56 800 205 500 113 800
(13 400–52 100) (11 600–103 900) (44 200–326 000) (0–11 100)

Data in parentheses represent the uncertainty range (UR).

Abbreviations: EOGBS, early-onset group B Streptococcus; GBS, group B Streptococcus; IAP, intrapartum antibiotic prophylaxis; LOGBS, late-onset group B Streptococcus; NDI, neurode-
velopmental impairment. 
aStillbirths indicated a minimum estimate of cases of fetal infection.



GBS in Pregnant Women, Stillbirths, and Children • CID 2017:65  (Suppl 2) • S209

GBS in Pregnant Women, Stillbirths, and Children

(UR, 8000–75 000) stillbirths, and 67 000 (UR, 12 000–123 000) 
infant deaths (Figure 7).

4. Describe GBS serotypes colonizing mothers and causing 
maternal and infant GBS disease.

Serotype III is the most dominant serotype and colonizes 28% 
of mothers worldwide. It causes 48% of EOGBS, 74% LOGBS, 
and 29% of maternal GBS disease (Figure 8). A pentavalent vac-
cine (Ia/Ib/II/III/V) would cover 96% of worldwide colonizing 

Figure  4. Cases estimated for group B streptococcal (GBS) disease in pregnant/postpartum women, fetuses, and infants in 2015, by United Nations Sustainable 
Development Goal region. *Stillbirths represent a minimum estimate of fetal infection cases. More details are shown in Supplementary Figures 4, 11, and 12.

Figure 5. Deaths estimated from group B streptococcal (GBS) disease for infants and stillbirths in 2015, by United Nations Sustainable Development Goal region. Maternal 
deaths not estimated. More details are shown in Supplementary Figures 6 and 12.
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Table 4. Stillbirth, Infant Deaths From Group B Streptococcal Disease and Resultant Disability Estimated in 2015

Region Stillbirth Early Infant Deaths Late Infant Deaths Disability

Southern Asia 9700 19 600 400 1000
(1200–21 300) (8500–34 400) (0–2800) (0–4500)

Eastern Asia 1300 3200 200 700
(0–2800) (1100–5800) (0–1600) (0–2400)

Central Asia 200 400 0 100
(0–400) (100–600) (0–200) (0–300)

Western Asia 800 2100 100 300
(0–1700) (900–10 900) (0–700) (0–1100)

South-Eastern Asia 1500 5200 200 600
(0–3300) (2100–8900) (0–1400) (0–2300)

Asia 13 400 30 400 900 2600
(1200–29 600) (12 700–60 600) (0–6600) (0–10 600)

Oceania 40 100 0 10
(0–90) (60–200) (0–30) (0–40)

Northern Africa 4000 6600 1800 1200
(1000–6700) (3100–10 900) (600–3600) (600–2100)

Southern Africa 800 1200 500 300
(200–1400) (600–1900) (100–900) (200–500)

Eastern Africa 12 600 15 600 3100 2000
(3100–21 700) (7500–26 800) (1000–6400) (1000–3600)

Western Africa 18 300 13 400 2800 1800
(4500–30 800) (5000–24 500) (800–6000) (700–3300)

Middle Africa 6300 7300 1900 1200
(1500–10 800) (3100–12 600) (600–3900) (500–2400)

Africa 42 000 44 000 10 000 6400
(10 400–71 400) (19 200–76 700) (3100–20 800) (3000–11 900)

Caribbean 100 900 100 100
(0–200) (300–1600) (0–400) (60–400)

Central America 200 800 100 200
(0–500) (100–2000) (0–600) (0–600)

South America 600 1600 300 400
(0–1200) (1400–3700) (0–1400) (60–1300)

Latin America 900 3300 400 700
(0–2000) (1900–7200) (0–2400) (100–2300)

Developed countries 500 500 200 700
(0–800) (0–1300) (0–700) (0–1700)

Total 56 800 78 400 11 500 10 500
(11 600–103 900) (32 500–138 900) (3100–30 500) (3000–26 000)

Data are presented as estimate (uncertainty range).

Table 3. Countries With the Highest Estimated Numbers of Infant Group B Streptococcal Disease Cases and Deaths

Cases Deaths

Rank Country Infant Cases Rank Country Infant Deaths

1 India 31 000 1 India 13 000
(0–75 000) (5000–23 000)

2 China 25  000 2 Nigeria 8000
(0–59 000) (2000–16 000)

3 Nigeria 22 000 3 Ethiopia 4000
(8000–39 000) (2000–8000)

4 Democratic Republic of the Congo 16 000 4 Democratic Republic of the Congo 4000
(8000–39 000) (2000–7000)

5 Egypt 14 000 5 Pakistan 3000
(8000–21 000) (1000–6000)

Data in parentheses represent the uncertainty range.
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isolates, 86% of EOGBS disease, 93% of LOGBS disease, and 
97% of maternal GBS disease. While there are a limited num-
ber of GBS capsular types (n = 10), the distribution by region 
varies, particularly for maternal GBS colonization; serotypes V, 
VI, VII, VIII, and IX are more commonly reported in South-
Eastern Asia (23%) (Supplementary Table 5).

DISCUSSION

GBS is established as a leading cause of infant disease, particu-
larly in the first week after birth, as evidenced by our estimation 
of 205 000 (UR, 101 000–327 000) neonates with EOGBS world-
wide. Furthermore, there are a minimum 33 000 (UR, 13–52 000) 
maternal GBS cases, 57 000 (UR, 12 000–104 000) fetal infec-
tions/stillbirths, and 114 000 (UR, 44 000–326 000) infants with 
LOGBS. Up to 3.5 million preterm births could be attributable to 
maternal GBS infection/colonization worldwide (Figure 9).

Importantly, GBS is also a significant cause of death, with 
57 000 (UR, 12 000–104 000) stillbirths and 90 000 (UR, 36 000–
169 000) infant deaths estimated in 2015. IAP prevented an 
estimated 3000 (UR, 0–108 000) early neonatal deaths in 2015, 
mainly in high-income contexts. A maternal GBS vaccine, 
for which candidates are in development (Table 5), with 80% 
efficacy and 90% coverage could prevent 108 000 (UR, 20 000–
198 000) fetal and infant deaths. GBS accounts for more than the 
total number of deaths from mother-to child transmission of 
human immunodeficiency virus, and more than the combined 
neonatal deaths from tetanus, pertussis, and respiratory syncy-
tial virus (Table 6), for which maternal vaccines are already in 
use, or in advanced development.

The compartmental model approach mitigates some of the 
very substantial problems with low case ascertainment for 
invasive infant disease, which can result in huge underestima-
tion, especially in low-income contexts. Our comparatively 
low estimates using infant incidence data are a result of cases 
being “missed” through lack of access to healthcare, inadequate 
clinical assessment and suspicion of infection, lack of diagnos-
tic testing, and lack of appropriate laboratory detection meth-
ods such as high-quality blood cultures (Figure  6). Sensitivity 
of microbiological cultures is further reduced if there has been 
peripartum antibiotic exposure in the mother or infant. These 
biases are not included in the uncertainty around estimates from 
incidence or prevalence data, and thus the uncertainty bounds 
are likely too narrow. In contrast, the wide uncertainty bounds 
in the compartmental model, a result of including uncertainty 
at every step, better reflect the true uncertainty in estimation of 
these outcomes. In addition, in the compartmental model we 
addressed other sources of underestimation, by adjusting mater-
nal GBS colonization for sampling site and laboratory methods 
[16] and only applying CFRs from facility data to births with a 
skilled birth attendant. Those born at home without access to a 
skilled birth attendant and who develop EOGBS will have very 
high, but unobserved, and thus unknown, CFR (Table 7). There 
are, however, limitations to the compartmental model approach, 
as described in general elsewhere [15], and in particular where 
parameters are derived from incidence data, such as the ratio of 
EOGBS to LOGBS disease. This ratio could be affected through 
differentially low case ascertainment in EOGBS compared to 
LOGBS disease or vice versa. EOGBS cases can be reduced with 
difficulties accessing care after birth and/or a high rapid CFR. 

Figure 6. Care and measurement gap estimating cases from incidence and prevalence data. Adapted from Lawn et al [15]. Triangulation of estimates from compartmental 
model compared to incidence data for invasive infant disease is detailed in Supplementary Figures 8 and 9. Abbreviation: GBS, group B Streptococcus.
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LOGBS, which more frequently is meningitis, may be differ-
entially reduced if cerebrospinal fluid sampling is infrequently 
undertaken, as is often the case in Asia [41].

In high-income contexts, reported incidence data are more 
reliable. In these countries incidence and trends can be mon-
itored, and surveillance data show that GBS remains one of 
the most important neonatal and young infant pathogens. 
The United Kingdom, the Netherlands, and France recently 
reported increases in incidence of infant disease [42–44]. In 
the era of Haemophilus influenzae type b and pneumococcal 
conjugate vaccines, GBS is now the leading cause of bacterial 
meningitis in young children in the United Kingdom and the 
United States [45, 46]. In low- and middle-income contexts, 
reported incidence data are more subject to the biases in case 
ascertainment described. However, for Africa, our estimates of 
cases of infant disease and fetal infection or stillbirth, are con-
sistent with recent reports of high incidence of GBS disease 
in facilities from Kenya and South Africa, where assessment 

and sampling recently have been systematic [47, 48]. For Asia, 
there is more uncertainty as to the burden of GBS disease. Until 
recently, the incidence of infant GBS disease was thought to be 
very low. In addition, there are no data on GBS disease in still-
birth from Asia. In our model, with a very high number of live 
births in Asia, absolute numbers of infants with EOGBS were 
high, despite the lower maternal colonization prevalence, sug-
gesting that cases are currently underestimated. For stillbirths, 
if the prevalence of GBS disease in stillbirths is comparable to 
Africa, rather than high-income contexts, the total number 
of stillbirths with GBS disease worldwide would almost dou-
ble. However, the compartmental model could overestimate 
invasive infant disease and/or stillbirth if there are biological 
differences, which it does not account for. There may be differ-
ences in virulence of GBS strains circulating in the region. GBS 
clonal complex 17 (ST17), strongly associated with serotype III, 
is hypervirulent [48, 49] and less frequently reported in Asia, 
both for maternal colonization [16] and neonatal disease [19].

Figure 7. Scenarios of estimated cases of group B streptococcal (GBS) disease and deaths prevented with different intervention methods in a year. For worldwide clinical 
risk factor screening and intrapartum antibiotic prophylaxis (IAP) where microbiological screening was in place, this estimate was applied for that country. To facilitate 
comparison between the current situation and interventions, case fatality risks have been applied as at present (ie, a higher case fatality risk for deliveries without a skilled 
birth attendant).
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Our estimates of maternal GBS disease, stillbirths, and infants 
with invasive GBS disease presenting with neonatal encepha-
lopathy are all likely to be underestimates as they are all subject 
to similar challenges for case ascertainment as infant invasive 
disease, and we were not able to include these in the compart-
mental model. Invasive GBS disease in newborns presenting 
with neonatal encephalopathy is further underestimated as the 
data derive mainly from cooling trials in high-income contexts, 
with strict case definitions (Figure 2) [22]. In addition, we do not 
attempt to measure the burden of noninvasive in utero infection, 

which may sensitize the fetus and increase the risk of neonatal 
encephalopathy (Figure 9). The challenges of estimating nonin-
vasive disease and the potential size of the unquantified burden 
are illustrated by the data on the attributable cases of preterm 
birth [21]. Even a small increase in risk of preterm birth attrib-
utable to GBS would account for many preterm births. For other 
pathogens, such as Streptococcus pneumoniae, invasive disease 
among children accounts for only 10% of all serious disease, 
with the majority (>80%) of deaths occurring from nonbacter-
emic pneumonia cases. Robust epidemiological data are critical 

Figure 9. Summary of outcomes and measurement gaps in terms of deaths and disability from group B Streptococcus (GBS) in pregnant women, stillbirths, and infants 
worldwide in 2015. More details of cases and outcomes are shown in Supplementary Figures 4, 6, 7, 10–12.

Figure 8. Group B streptococcal (GBS) serotypes colonizing mothers and causing disease in pregnant/postpartum women and infants. *Maternal colonization studies 
frequently reported Ia/Ib together, so these data are shown pooled. More details are shown in Supplementary Table 5.
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to strengthen the investment case for a GBS vaccine and to 
firmly establish the true global burden of disease [50]. Vaccine 
probe studies during phase 3 maternal vaccine trials, or postli-
censure, could also be used to contribute to our understanding 
of the total disease burden, including noninvasive disease [51].

The current mainstay of prevention against infant GBS dis-
ease is IAP, which prevented an estimated 29 000 (UR, 0–51 000) 
cases of EOGBS in 2015, mainly in high-income contexts [19]. 
IAP implementation is more common, and more feasible, in 
high-income contexts [23], because it requires a continuum 
of care, including a skilled birth attendant able to administer 
antibiotics intravenously, and with access to laboratories for a 
microbiological approach, and/or careful assessment for a clin-
ical risk factor–based approach. There is low implementation, 
or no IAP national policy where health systems have limited 
infrastructure. In addition, IAP does not target the 204 000 (UR, 
69 000–481 000) cases of maternal, fetal, and late-onset infant 
invasive infection (7–89 days). It is possible that there is some 

coincident reduction in disease with IAP, particularly in preg-
nant women [17], but it is likely administered too late in the con-
text of stillbirth [18]. In addition, IAP does not reduce maternal 
colonization, so there is no reduction in infant exposure and col-
onization, and consequent late-onset infant disease [19].

Maternal vaccination has the advantage over IAP in that it 
could leverage off existing antenatal care platforms, as success-
fully used in high-burden countries to reduce neonatal tetanus, 
where high coverage has been achieved [52]. It would also be 
expected to reduce adverse outcomes for invasive disease in preg-
nant and postpartum women, fetuses/stillbirths, and infants. A 
maternal GBS vaccine with 80% efficacy and 50% coverage would 
prevent 127 000 (63 000–282 000) infant and maternal GBS cases, 
and 60 000 (UR, 22 000–110 000) stillbirths and infant deaths. If 
coverage were increased to 90%, 229 000 (UR, 114 000–507 000) 
infant and maternal GBS cases and 108 000 (UR, 20 000–198 000) 
fetal and infant deaths could be prevented. Maternal GBS vaccina-
tion could also reduce the unquantified burden from noninvasive 

Table 5. Maternal Group B Streptococcus Vaccines in Development With Data in the Public Domain

Vaccine Candidate Manufacturer Vaccine Construct

Phase

Discovery Preclinical Phase 1 Phase 2 Program Status

NA Pfizer Multivalent CPS conjugate X Clinical program start in 2017 [55]
GBS vaccine Novartis/GSK Trivalent CPS (serotypes 

Ia, IIb, III) conjugated to 
CRM197, unadjuvanted

X Completed safety and immuno-
genicity in pregnant women. 
Study completed [27, 56–61]

NA GSK Pentavalent (Ia, Ib, II, III, V) 
CPS-CRM197

X

NA GSK Pilus proteins X
NA Biovac Polyvalent CPS conjugate X Program start in 2017
GBS-NN vaccine/ 

MVX13211
Minervax N-domains of Rib and 

Alpha C surface pro-
teins, unadjuvanted or 
Alhydrogel-adjuvanted

X Safety and immunogenicity in 
nonpregnant women. Study 
completed [26, 62, 63].

Abbreviations: CPS, capsular polysaccharide; GBS, group B Streptococcus; NA, not available.

Table  6. Comparison of Annual Estimates of Infectious Etiologies Causing Stillbirth, Infant Disease, and Death Worldwide, Including Those Where 
Maternal Vaccination Is Used or Could Be Used to Reduce This Burden

Disease Stillbirths
No. of Neonatal or Other Relevant Deaths Related to 

Maternal Infection or Nonimmunity No. of Neonatal/Infant Cases per Year

Group B Streptococcus 57 000 (12 000–103 000) 90 000a (41 000–185 000) 319 000 (119 000–417 000)
Respiratory syncytial virus Not applicable 27 300b (20 700–36 200) [64] NA
Pertussis NA 2700c,d [65] NA
Syphilis 200 000 [7] 62 000c [66] 102 000 [66]
Tetanus Not applicable 34 000c (18 000–84 000) [67] NA
HIV/AIDS 9 000 [7] 86 000e (76 000–101 000) [67] NA
Malaria 213 000 [7] NA NA

Data are presented as estimate (uncertainty range).

Abbreviations: HIV, human immunodeficiency virus; NA, no relevant estimate available.
aYoung infants (0–89 days).
bInfants (0–6 months).
cNeonates (0–27 days).
dWorld Health Organization modeling-based estimates approximately 56 700 pertussis deaths in children <5 years of age in 2015 from which the neonatal component is derived [65]. Other 
work suggests the burden could be higher, with 160 700 deaths (range, 38 000–670 000 with sensitivity analyses) in children <5 years of age [68].
eChildren <5 years of age but due to mother-to-child transmission. 
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disease, including, but not limited to, preterm birth. Several GBS 
vaccine candidates are now in active development [26] and these 
must be subject to appropriate safety and efficacy tests, but vac-
cine manufacturers are increasingly committed to investing in a 
GBS vaccine (Table 5).

There are key public health and economic considerations, to 
which these estimates contribute. These include (1) the estimated 
vaccine-preventable mortality burden; (2) the estimated scope, 
size and cost of a licensure trial; and (3) the cost-effectiveness 
of a maternal GBS vaccine, to inform policy recommendations, 
vaccine demand, and financing [51, 53, 54]. Cost-effectiveness 
models for a maternal GBS vaccine thus far have primarily con-
sidered GBS sepsis and meningitis as avertable causes of neona-
tal mortality [53]. Our estimates of the burden of GBS disease 
in pregnant and postpartum women and stillbirths, as well as 
infant disease, suggest they may be additional endpoints worthy 
of inclusion in a GBS vaccine trial.

GBS is a leading cause of invasive infection in infants, but 
GBS disease in pregnant and postpartum women and stillbirths 
is also important worldwide. GBS accounts for a far higher bur-
den of young infant mortality than other infectious diseases for 
which maternal vaccines are under development or in use, such 
as respiratory syncytial virus, pertussis, or tetanus (Table  6). 
Despite GBS accounting for only a small proportion of all still-
births, the absolute number is equal to a quarter of stillbirths 
attributed to syphilis, for which there is already a screening pro-
gram. An effective maternal GBS vaccine offers an all-encom-
passing approach to reducing GBS disease, and, as vaccination 
strategies can achieve high coverage in even the most chal-
lenging settings, it is likely to be a more equitable intervention 

than IAP. Maternal GBS vaccination has the potential to reduce 
this disease burden worldwide, within the next generation and 
including the poorest families (Table 8).
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Table 8. Key Findings and Implications

What’s new about this?
• These are the first systematic estimates of the worldwide burden of GBS and we include outcomes for pregnant and postpartum women, stillbirth, and 

infants, with later impairment. For infants this includes invasive disease, overlapping with neonatal encephalopathy, and also noting preterm birth–associ-
ated GBS as a pathway resulting in deaths and disability.

• Data gaps remain a challenge, but the compartmental model includes more national data and is less susceptible to underestimating the burden through 
low ascertainment of clinical cases, especially in low-income contexts. We have followed international estimation guidelines and data inputs and code are 
available online [28, 29].

What are the main findings?
• Cases: 319 000 (UR, 119 000–417 000) infant and 33 000 (UR, 13 000–52 000) maternal cases of GBS disease; 7000 (UR, 300–19 000) infant cases also had 

neonatal encephalopathy. Fetal infections would be at least the 57 000 (UR, 12 000–104 000) stillbirths.
• Deaths: 57 000 (UR, 12 000–104 000) stillbirths and 90 000 (UR, 36 000–169 000) infant deaths, which is more than the total number of deaths from HIV 

(mother to child transmission), or more than the combined neonatal deaths from tetanus, pertussis, and RSV (Table 6).
• Disability: >10 000 (UR, 3000–27 000) new cases of neurodevelopmental impairment per year due to infant GBS meningitis.
• Other outcomes: Up to 3.5 million cases of preterm birth attributable to GBS.
How can the data be improved?
• Geographic: more data are needed worldwide, but especially from Asia.
• Outcomes: particular gaps include maternal disease, stillbirth, impairment after infant GBS sepsis, and comorbidity with neonatal encephalopathy. Inclusion 

of GBS assessments in maternal and neonatal cause-of-death studies should be enhanced.
• Economic: cost-effectiveness modeling based on these estimates, and translation to DALYs would be a further step before undertaking economic modeling.
• Vaccine trials: standardized definitions of vaccine endpoints also enabling comparison of observational data, and informing program monitoring and evaluation.
What does it mean for policy and programs?
• Current provision of IAP prevents an estimated 29 000 (UR, 0–51 000) cases of EOGBS disease.
• Maternal vaccination: With 80% efficacy and 90% coverage could prevent 229 000 (UR, 114 000–507 000) infant and maternal GBS cases, 41 000 (UR, 

8000–75 000) stillbirths, and 67 000 (UR, 12 000–123 000) infant deaths.

Abbreviations: DALY, disability-adjusted life-year; EOGBS, early-onset group B Streptococcus; GBS, group B Streptococcus; HIV, human immunodeficiency virus; IAP, intrapartum antibiotic 
prophylaxis; RSV, respiratory syncytial virus; UR, uncertainty range. 
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Appendix: Multiple Regression Model for Maternal GBS Colonization Prevalence

Purpose: Multiple regression models are commonly used to esti-
mate the burden of diseases, particularly for a single parameter, 
eg, stillbirth rate or preterm birth rate. In the case of GBS, there 
are usually multiple outcomes that can be better estimated using 
a stable compartmental model as discussed elsewhere in this 
supplement [15]. However, we wanted to assess other approaches 
including whether a multiple regression model could be used to 
predict the national prevalence of maternal GBS colonization, 
using national-level covariates. Maternal GBS colonization prev-
alence is the parameter with the most data available to which a 
multiple regression model can be applied.

Inputs: Maternal GBS colonization prevalence data (n = 74) 
were obtained from published and unpublished literature on GBS 
worldwide, as described elsewhere in this supplement [16]. Fifteen 
national-level covariates plausibly associated with GBS coloniza-
tion prevalence were selected for possible inclusion in the model 
as predictor variables (full details in Supplementary Table 3):

log adult female obesity [34], skilled attendant at birth (SBA) 
[35], log antenatal care (4 visits), mean years female education 
[32], gross national income (GNI) [36], log neonatal mortality 
rate (NMR) [37], protected at birth against tetanus (PAB), low 
birthweight rate (LBW) [38], log general fertility rate (GFR) [39], 
log GINI coefficient [36], proportion cesarean delivery, syphilis 

index [40], United Nations region, United Nations subregion, and 
percentage population urban.

The association between potential covariates and maternal 
GBS colonization prevalence was examined using scatterplots 
(Supplementary Figure  1). Univariable analyses were under-
taken to quantify the relationship between GBS maternal colo-
nization prevalence, and continuous variables to assess if these 
predictors performed better when log transformed. Predictors 
were then assessed for retention in the model by removing one 
predictor at a time from the model (starting with the predictor 
with largest Bayesian information criterion [BIC] on univariate 
analysis), and dropping the predictor if the model was improved 
(ie, lower BIC compared to the model containing the predictor).

Model equation and fit: The equation of the final model 
resulting from the process described above was:

Log GBS prevalence a b LBW c Log GINI

d GNI e S
ij ij ij

ij

( )= + ( )+ ( )( )
+ ( )+ BBA

f UNregion u e
ij

ij j ij

( )
+ ( )+ +

b(), c(), d(), and e() represent functions each involving 2 
parameters, f() indicates a 5 parameter function associ-
ated with 5 dummy variables representing different United 
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Nations regions, uj represents country-specific random effects, 
assumed to be independent normally distributed with constant 
variance, and eij represents individual data point-level residu-
als, assumed to be independent normally distributed with con-
stant variance.

We evaluated the model fit by running a series of diagnostic 
plots including analyses of regression residuals. The results from 

the diagnostic plots (Supplementary Figure 2A) and the scatter-
plot of observed vs predicted data (Supplementary Figure 2B) 
showed evidence that the model fits the data poorly.

Conclusions: This modeling approach was hampered by the 
limited number of data inputs and particularly by the lack of a 
strong relationship between available covariates and maternal 
GBS colonization.



Subscriptions
A subscription to Clinical Infectious Diseases comprises 24 issues. Prices include dispatch by Standard Air. Airmail rates are available on request. Clinical Infectious  
Diseases Advance Access contains papers that have recently been accepted but have not yet been included within an issue. Advance Access is updated daily.
Single issue prices for Clinical Infectious Diseases are:
 EUR GBP USD
Institutional €48 £40 $51
Corporate €60 £50 $65
Personal €16 £14 $13
For annual subscription rates, please see http://www.oxfordjournals.org/our_journals/cid/access_purchase/price_list.html
Please note: UK£ rate applies to UK and Rest of World, except US and Canada (US$) and Europe (Eur€).
Full prepayment in the correct currency is required for all orders. Payment should be in US dollars for orders being delivered to the USA or Canada;  
Euros for orders being delivered within Europe (excluding the UK); GBP Sterling for orders being delivered elsewhere (i.e., not being delivered to USA,  
Canada, or Europe). All orders should be accompanied by full payment and sent to your nearest Oxford Journals office. Subscriptions are accepted for  
complete volumes only. Orders are regarded as firm, and payments are not refundable. Our prices include dispatch by Standard Air. Claims must be  
notified within four months of dispatch/order date (whichever is later). Subscriptions in the EEC may be subject to European VAT. If registered, please  
supply details to avoid unnecessary charges. For subscriptions that include online versions, a proportion of the subscription price may be subject to UK  
VAT. Subscribers in Canada, please add GST to the prices quoted. Personal rate subscriptions are only available if payment is made by personal check or  
credit card, delivery is to a private address, and is for personal use only.
The current year and two previous years’ issues are available from Oxford Journals. Previous volumes can be obtained from the Periodicals Service Company,  
11 Main Street, Germantown, NY 12526, USA. E-mail: psc@periodicals.com. Email: psc@periodicals.com. Tel: (518) 537-4700. Fax: (518) 537-5899.
Contact information
Journals Customer Service Department, Oxford Journals, Great Clarendon Street, Oxford OX2 6DP, UK. E-mail: jnls.cust.serv@oup.com. Tel: +44 (0)1865 353907.  
Fax: +44 (0) 1865 353485. In the Americas, please contact: Journals Customer ServiceDepartment, Oxford Journals, 2001 Evans Road, Cary, NC 27513, USA. E-mail:  
jnlorders@oup.com. Tel: (800) 852-7323 (toll-free in USA/Canada) or (919) 677-0977. Fax: (919) 677-1714. In Japan, please contact: Journals Customer Service  
Department, Oxford Journals, 4-5-10-8F Shiba, Minato-ku, Tokyo, 108-8386, Japan. E-mail: custserv.jp@oup.com. Tel: (81) 3 5444 5858. Fax: (81) 3 3454 2929.
Methods of payment
Payment should be made: by check (to Oxford Journals, Cashiers Office, Great Clarendon Street, Oxford, OX2 6DP, UK); by bank transfer [to Barclays  
Bank Plc, Oxford Office, Oxford (bank sort code 20-65-18) (UK); overseas only Swift code BARC GB22 (GB£ Sterling Account no. 70299332, IBAN  
GB89BARC20651870299332; US$ Dollars Account no. 66014600, IBAN GB27BARC20651866014600; EU€ EURO Account no. 78923655, IBAN  
GB16BARC20651878923655]; or by credit card (Mastercard, Visa, Switch, or American Express).
Postal information
Clinical Infectious Diseases (ISSN: 1058-4838) is published semi-monthly by Oxford University Press, 2001 Evans Road, Cary, NC 27513-2009, USA.  
Periodicals Postage Paid at Cary, NC, and additional mailing offices. POSTMASTER: Send address changes to Clinical Infectious Diseases, Journals  
Customer Service Department, Oxford University Press, 2001 Evans Road, Cary, NC 27513-2009.
Oxford Journals environmental and ethical policies
Oxford Journals, a division of Oxford University Press, is committed to working with the global community to bring the highest quality research to the  
widest possible audience. Oxford Journals will protect the environment by implementing environmentally friendly policies and practices wherever possible.  
Please see http://www.oxfordjournals.org/ethicalpolicies.html for further information on environmental and ethical policies.
Digital object identifiers
For information on dois and to resolve them, please visit www.doi.org.
Supplements, reprints, and corporate sales
For requests from industry and companies regarding supplements, bulk article reprints, sponsored subscriptions, translation opportunities for previously  
published material, and corporate online opportunities, please e-mail special.sales@oup.com, Fax +44 (0)1865 353774, or visit www.oxfordjournals.org/sales.
Permissions
For information on how to request permissions to reproduce articles or information from this journal, please visit www.oxfordjournals.org/permissions.
Advertising
US advertising inquiries should be sent to Pharmaceutical Media, 30 East 33rd Street, New York, NY, 10016; Tel: 212-685-5010; Fax: 212-685-6126; http:// 
www.pminy.com. International advertising inquiries should be sent to Advertising and Special Sales, Oxford Journals, Oxford University Press, Great  
Clarendon Street, Oxford, OX2 6DP, UK. Tel: +44 (0)1865 354767; Fax: +44 (0)1865 353774; E-mail: jnlsadvertising@oup.com.
Drug disclaimer
The mention of trade names, commercial products or organizations, and the inclusion of advertisements in the journal does not imply endorsement by the  
Clinical Infectious Diseases, the editors, the editorial board, Oxford University Press, or the organization to which the authors are affiliated. The editors and  
publishers have taken all reasonable precautions to verify drug names and doses, the results of experimental work, and clinical findings published in the journal.  
The ultimate responsibility for the use and dosage of drugs mentioned in the journal and in interpretation of published material lies with the medical practitioner,  
and the editors and publishers cannot accept liability for damages arising from any errors or omissions in the journal. Please inform the editors of any errors.
Disclaimer
Statements of fact and opinion in the articles in Clinical Infectious Diseases are those of the respective authors and contributors and not of Clinical   
Infectious Diseases or Oxford University Press. Neither Oxford University Press nor Clinical Infectious Diseases make any representation, express or  
implied, in respect of the accuracy of the material in this journal and cannot accept any legal responsibility or liability for any errors or omissions that may  
be made. The reader should make her or his own evaluation as to the appropriateness or otherwise of any experimental technique described.
Copyright © 2017 by Oxford University Press on behalf of the Infectious Diseases Society of America.
All rights reserved; no part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any means, electronic,  
mechanical, photocopying, recording, or otherwise without prior written permission of the publisher or a license permitting restricted copying issued in  
the USA by the Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.
Instructions for authors
Full instructions for manuscript preparation and submission can be found at http://www.oxfordjournals.org/our_journals/cid/for_authors.html.
Typeset by Newgen Knowledge Works Pvt. Ltd., Chennai, India.
Printed by Cenveo Publisher Services, Lancaster, PA, USA.
Oxford University Press is a department of the University of Oxford. It furthers the University’s objective of excellence in research, scholarship, and  
education by publishing worldwide.


