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Group B Streptococcal Disease Worldwide for Pregnant
Women, Stillbirths, and Children: Why, What, and How to
Undertake Estimates?
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Improving maternal, newborn, and child health is central to Sustainable Development Goal targets for 2030, requiring acceleration 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 interventions 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 potential 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], halving 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 addition to the 2.7 million neonatal deaths, an estimated 2.6 million third-trimester stillbirths occur each year, but are often
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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 preventable 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 current 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 etiology of infectious causes, and prioritizing strategies that are
Estimating GBS Disease Worldwide • CID 2017:65 (Suppl 2) • S89

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 Every country should have Every country should have Every country should have a
mortality ratio by at least two-thirds
a stillbirth rate of ≤12
a national neonatal mornational under-5 mortality rate
from the 2010 baseline, and no country
per 1000 total births.
tality rate of ≤12 per 1000 of ≤25 per 1000 live births.
should have a rate >140 deaths per
This would result in an
live births. This would
This would result in an average
100 000 live births (twice the global
average global neonatal
result in an average global global under-5 mortality rate of
a
target). The global average target of
mortality rate of 9 per
neonatal mortality rate of
17.2 per 1000 live births.
maternal mortality ratio should be <70
1000 total births.
9 per 1000 live births.
maternal deaths per 100 000 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
A Promise Renewed
Global Strategy for Women’s, Children’s and Adolescents’ Global Strategy for Women’s,
Health [62]
Children’s and Adolescents’
Health [63]

Not estimated
Number of deaths in
2030 if target is meta

1.1 million

0.8 million

2.4 million

Number of countries to Not estimated
at least double rate of
progress

56

49

19

a

Assuming 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.

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 countries, 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 largest-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

Figure 1. Causes of deaths for neonates and children aged <5 years in 2015. Source: Liu et al [64].
S90 • CID 2017:65 (Suppl 2) • Lawn et al

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?

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-spectrum antibiotics that select for antimicrobial resistance. With
improved etiological data, targeted interventions, such as prevention 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 pathogen 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 meningitis 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 comprehensive 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 geographic 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 community-based [28, 29] studies. Especially in some South Asian settings 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 disease 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 estimates for 310 diseases and injuries [31]. Systematic and transparent 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 maternal 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 worldwide. 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 important consequence of maternal GBS colonization, a focus only
on neonatal and infant disease has missed other important outcomes 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 outcomes 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 systems [7] due to the stigma, which is seen even in high-income
Estimating GBS Disease Worldwide • CID 2017:65 (Suppl 2) • S91

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.

contexts, and fatalism regarding prevention [33]. It was not
until 2017 that the World Health Organization (WHO) officially asked countries for stillbirth data, alongside other mortality 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.
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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 maternal 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 pathway 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 isolation 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 estimates. Given the complexity of methods and variable reporting
approaches, there has been an erosion of public trust in estimates [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 definitions (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, exemplified by the Global Burden of Disease project, where the number of outcomes, the modeling complexity, and the time load
increased markedly [37]. Here we will not attempt to summarize 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 parameter 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 simplest of these is a 3-compartment SIR model as follows: S = number 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 demographic factors affecting births. In this case, a stable compartment
model is appropriate and has been used for other estimates of perinatal 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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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 reasons, 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.

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 interpretation of the estimates.

[1, 11]

[11]

Source: [48].

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 comorbidities (eg, human immunodeficiency virus [HIV]), then population-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
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modeling, such as used in the Global Burden of Disease study
[53]. A multiple regression model could be an option to estimate 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 successful model fitting [54].
A compartmental modeling approach to estimate the worldwide 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 available, then meta-analysis for the relevant region.
Step 2. Cases of Group B Streptococcus

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

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 variables 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 maternal GBS colonization [42]. Similarly, incidence and risk data are
rarely available for maternal disease, or neonatal encephalopathy [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 GBSassociated neonatal encephalopathy) or to the specific denominator (ie, stillbirths or preterm births by country in 2015).

case fatality risk data are an important limitation in most compartmental 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.

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

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.
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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.

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 early-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 poorest 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 neonates 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 passive 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].
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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 infection 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 stillbirths 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 microbiological culture facilities, notably for blood culture. Detection by
culture is also affected by previous antibiotic treatment, particularly 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 disease, 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:

• Increase the input data from as many countries as possible,
aiming to use national-level data if adequate, otherwise pooling 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 neonatal 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 especially 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 potential public health impact estimates have been highlighted as an
important priority [38]. Based on WHO’s scoping, we have prioritized 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 unpublished 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 prematurity, 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 serotypes 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 invasive 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 covered in this supplement, notably cost-effectiveness analyses.
In addition, epidemiological outcomes are not translated into
Disability Adjusted Life Years (DALYS). These secondary analyses 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 regarding 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 potentially 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 proportion 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 disease in mother, fetus, and newborn. This article, the second in a series estimating the burden of GBS, aims to determine the prevalence 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-sensitive 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 variation (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 disease, 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 disease including maternal infection, stillbirth, and early- and
late-onset sepsis in newborns, and may contribute to preterm
delivery and hypoxic ischemic encephalopathy [1]. Thus,
a
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ascertaining the worldwide prevalence and serotype distribution 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 particular, whether rectal samples were performed [8–11]), and laboratory culture techniques, notably use of selective enrichment
broth [12]. There is no established international standard for
sampling for maternal GBS colonization; however, the recommendation by the Centers for Disease Control and Prevention

(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 settings. 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 methods 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%) worldwide, 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 inclusion criteria, we aimed to capture the largest possible geographical 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 methods were used.
In addition to the prevalence of GBS colonization in pregnant 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 serotypes are associated with more virulent clones and thus a propensity to invasive GBS disease [2]. This particularly applies to
serotype III, which is frequently associated with the hypervirulent 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-specific [23, 24] and their coverage will depend on the circulating
serotypes.
This paper is the second in an 11-article supplement estimating 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, stillbirths 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 literature and through development of an investigator group of
clinicians, researchers, and relevant professional institutions
worldwide. The reviews and meta-analyses are reported according 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 inclusion 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 restrictions. 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 inclusion and exclusion criteria, followed by selection of full texts,
and abstraction, as detailed below.
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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 irrespective 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 subsequent 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 estimation process. We also did not derive prevalence estimates
from studies in developed regions that focused solely on comparison 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 conventional methods, limiting cross-country and regional comparison. 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 samples, 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 sampling and laboratory methodology and relevant study criteria.
Differences in abstraction were resolved through discussion
with a third researcher (A. S.). Abstracted data included selection of study participants, description of study setting and participants, 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.

Sensitivity Analyses to Inform Adjustment for Biases

RESULTS

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

Study Selection

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 (compared to rectovaginal).
2. Microbiological methods: for the addition of selective enrichment, compared to nonselective agar alone, and to conventional 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 methods were insensitive (sampling sites of high vagina or cervix,
or rectal swab alone, and studies with combinations of low vaginal 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 worldwide and by region, subregion, and country level using studies
including vaginorectal samples with selective enrichment or
with selective agar of equivalent sensitivity, and, after adjustment, vaginal-only samples with selective enrichment or selective 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.

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 articles. 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 maternal 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 maternal 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 developed regions (28%), and 229 from low- or middle-income contexts, 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, several countries with large populations, such as Russia, had surprisingly few data. A full list of countries included by region and
country is in Supplementary Table 4.
For maternal colonizing serotypes, the geographical distribution 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-Saharan 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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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.

studies (3 of which were from Central America) did not differentiate 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 microbiological methods and without adjustment, the overall prevalence of
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maternal GBS colonization worldwide was 15% (95% confidence interval [CI], 14%–16%) (Table 1). Prevalence was highest 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 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.

America (10% [95% CI, 7%–14%]), and South, South-Eastern,
and Eastern Asia (95% CI, 9%–12%). A list of maternal GBS colonization 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 analysis 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 4. Maternal group B Streptococcus colonizing serotype distribution by United Nations subregion.
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Table 1.
Data

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

Prevalence From
Studies With
Recommended
Methods Onlya, %

95%
Confidence
Interval

No. of
Countries

No. of
Pregnant
Women Tested

29

144 604

18.4

17.0–19.8

21

19.6–22.3

19.2

17.7–20.7

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

Region/
Subregions
Developed regions
Australia and
New Zealand

Reported
Prevalence, %

95% Confidence
Interval

95% Confidence
Interval

Adjusted
Prevalenceb, %

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

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
29.5–39.9

Americas

Caribbean

3

1137

33.5

28.8–38.3

33.5

28.8–38.3

34.7

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

Asia

…

…

7.5–12.6

…

12.5

10.2–14.8
11.5–17.4

South-Eastern Asia

6

4591

12.0

9.3–14.7

14.4

9.5–19.2

14.4

Eastern Asia

3

63 289

9.2

7.6–10.8

9.1

8.2–10.0

11.1

9.9–12.4

19

36 130

18.2

16.1–20.4

20.7

17.6–23.7

21.3

18.5–24.2

Africa
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

…

…

…

…

300 176

15.2

14.3–16.0

17.4

16.3–18.5

18.0

16.9–19.1

Overall
a

Recommended 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.

b

Adjusted prevalence for sample site and microbiological methods.

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 microbiological methods (Table 2):
• For sample site: comparing sampling vaginorectally vs vaginally 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 commonly] 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).
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Compared to an unselective agar (eg, sheep blood agar alone)
with and without selective enrichment (13 studies), the relative 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 2.

Adjustment Factors to Address Biases

Addition or Inclusion

Comparison Method (of Lower
Sensitivity)

CDC-Recommended Method

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

Adjustment Factor
(Factor Increase in
No. of Studies
Sensitivity)
(95% CI)

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.

[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 globally; 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 particular, 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 differences 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 postadjustment was estimated at 18% (95% CI, 17%–19%) whereas prevalence 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,

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-onset 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 colonization 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 prevalence 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 colonizing pregnant women, including 16 181 bacterial isolates. However,
there are limitations. The majority of studies with the most sensitive sampling and microbiological techniques and the largest sample 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 particular, the data are thus potentially biased toward urban settings.
Table 3.

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 colonization 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 comparable to urban contexts.
Other limitations include differences across studies in the
timing of swabs. Screening later in pregnancy is more predictive of GBS colonization during labor and therefore of the risk
of neonatal invasive disease [44, 51, 60]. This review demonstrated a marginally higher prevalence in studies with sampling 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 population 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 pregnant 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 difference 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),

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 articles 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 standard 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 contexts, 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, including 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 maternal 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 epidemiology 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 unpublished 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 maternal deaths (95% CI, 3%–36%) and sub-Saharan Africa (10%
[95% CI, 5.5%–18.5]) [1]. In comparison, the proportion of
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maternal deaths due to sepsis in developed countries was estimated 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 historical 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 childbirth practice and antibiotics. However, sepsis has reemerged as a
leading cause of maternal death in the United Kingdom, accounting 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 comorbidities including obesity and diabetes, the ethnic makeup of a
population, and levels of multiple births; (2) alterations in the

virulence of circulating organisms; and/or (3) variation in iatrogenic factors such as the use of repeated invasive diagnostic and
therapeutic procedures. A corresponding increase in the incidence 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 incidence 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 morbidity [15], representing a significant burden of ill health. Beyond
maternal mortality, maternal infection can have short and longterm 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 mortality 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 agalactiae), part of the normal flora in the intestine, vagina, and rectum, 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, however, 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 estimating 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-analyses 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, perinatal, 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 submitted for ethical approval to the London School of Hygiene &
Tropical Medicine (reference number 11966) and approved on
30 November 2016.

We used random-effects meta-analyses to estimate the incidence 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

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 postpartum), with a minimum of fever and physician suspicion of
sepsis. Nonsystemic infections, such as chorioamnionitis, pyelonephritis, 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 investigator group asking clinicians, researchers, and relevant professional 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 studies 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 reviewers, 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 postpartum 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-analyses. 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.
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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 maternal 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 criteria; an additional 2 provided relevant information on maternal
GBS disease but no incidence estimate, plus one unpublished dataset 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 cultures from obstetric patients linked with a review of their medical
records, some prospectively and some retrospectively. Different
population denominators were used to estimate incidence: pregnancies, 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 maternities 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 conducted 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

Figure 2. Data search and included studies for maternal group B streptococcal disease.

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 maternal 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 clinical 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 suspicion of sepsis with ≥2 of the symptoms of systemic inflammatory response syndrome (see Supplementary Table 2). By
focusing on the most severe cases, this study reported a significantly 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 remaining 3 studies as 0.23 (95% CI, .09–.37) per 1000 maternities
(Figure 5).
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Table 1.

Characteristics of 16 Included Studies

First Author
and Year
Lamagni 2016
[40]

Year of Data
Collection
2014

Study Location
All NHS patients
in England

No. of
Study Design Pregnancies
National popu- 638 863
lation-based deliveries
laboratory
surveillance
linked to
hospital
admission
statistics

Drew 2015
[27]

January 2001– Rotunda Hospital, Retrospective Not reported
December
Dublin, Ireland
audit of
2014
blood cultures taken
from obstetric patients

Kalin 2015
[42]

June 2011–
May 2012

All UK consultant-led maternity units

No. of Live
Births

No. of Live and
Stillbirths

Inclusion
Criteria

646 455

649 485

All women
receiving
NHS care in
England

185

185

Laboratoryconfirmed
invasive
GBS infection as
determined
through
culture of
GBS from
normally
sterile sites

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

Not reported

All mothers
delivering
in UK
hospitals

7

7

Severe sepsis
and GBS
isolated
from
sterile site
in unwell
mother

Secondary
799 003
Not
analysis of
maternities reported
GBS sepsis
cases from
population-based
study
(UKOSS
facilitated).
Case-control
study

Knowles 2014 1 January 2005–Coombe Women Prospective
136 897
[26]
31 December and Infants
review of
pregnan2012
University
medical
cies
Hospital
records and
and National
laboratory
Maternity
data. CaseHospital, Dublin
control
study

Cases of
Maternal
Diagnosis of
GBS
Blood Maternal GBS
Disease Cultures
Disease

139 495

139 495

All mothers 57 (2
delivering in antenaCWIUH and tal; 43
NMH
intrapartum;
12
postpartum)

57

Laboratoryconfirmed
secondary
bloodstream
infection

Coombe Women Retrospective 37 584 preg- Not reported
and Infants
audit of
nancies
University
blood cul– note
Hospital, Dublin, tures taken
overlap
Ireland
from obstet- with
ric patients
Knowles
2014 so
excluded
from
meta-analysis

Not reported

Blood cultures 15 (10
taken from
intraobstetric
partum;
patients
5 postwhich
partum)
yielded a
pathogenic
organism
and whose
medical
records
were available for
review

15

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

Not reported

Blood cultures
taken from
obstetric
patients at
the hospital
in the study
period;
pathogenic
organisms
only

8

Isolation of
GBS from
blood of an
obstetric
patient
during hospitalization

O’Higgins
2014 [43]

1 January
2009–31
December
2012

Cape 2013
[12]

January 2000– Brigham and
Retrospective 78 781
December
Women’s
cohort study maternities
2008
Hospital,
Boston,
Massachusetts
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81 376

8

Table 1.

Continued

First Author
and Year

Year of Data
Collection

Study Location

No. of
Study Design Pregnancies

No. of Live
Births

No. of Live and
Stillbirths

Inclusion
Criteria

Cases of
Maternal
Diagnosis of
GBS
Blood Maternal GBS
Disease Cultures
Disease

Surgers 2013 January 2005– Five teaching
Retrospective 59 491
Not reported
[14]
December
hospitals across multicenter
maternities
2009
Paris
audit of positive blood
cultures and
associated
medical
records of
obstetric
patients

Not reported

Blood cultures 19 (17
taken from
intraobstetric
partum;
patients
2 postwhich
partum)
yielded a
pathogenic
organism
and whose
medical
records
were available for
review

19

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

Deutscher
2011 [25]

2007–2009
California,
Multicenter,
Not
470 646 (in
(exact dates
Colorado,
prospecreported
2007)
not specified) Connecticut,
tive, active
Georgia,
surveillance
Maryland,
study
Minnesota, New
Mexico, New
York, Oregon,
Tennessee

Not reported

Pregnant and 99 (42
postpartum pre-/
women
intraaged 15–44 partum;
y in surveil- 57
lance areas postwith posipartum)
tive blood
cultures.
No mention
of clinical
criteria

99

Isolation of
GBS from a
sterile site
in a surveillance area
resident
(amniotic
fluid and
placenta
not
included)

Phares 2008
[22]

January 1999– California,
Multicenter,
Not
December
Colorado,
prospecreported
2005
Connecticut,
tive, active
Georgia,
surveillance
Maryland,
study
Minnesota, New
Mexico, New
York, Oregon,
Tennessee

454 476

Not reported

409

211

Isolation of
GBS from
sterile site
in a surveillance-area
resident

Schrag 2000
[45]

1993–1998
Microbiology
(exact dates
laboratories
not specified) serving acute
care hospitals
in Maryland,
Georgia,
California, and
Tennessee

Multicenter,
Not
Not reported
prospecreported
tive, active
surveillance
study

Not reported

All residents
within
surveillance
areas of any
age with
GBS isolated from a
sterile site
(not including placenta
or amniotic
fluid)

345

221

Isolation of
GBS from a
sterile site
in a surveillance area
resident
(amniotic
fluid,
placenta,
and urine
excluded)

Tyrrell 2000
[23]

1 January 1996– Nine Canadian
30 December public health
1996
units

Multicenter,
Not
Not reported
prospecreported
tive, active
surveillance
study

Incidence
rate of
41/100 000
total births

All residents
of surveillance 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 surveillance area
resident
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Table 1.

Continued

First Author
and Year

Year of Data
Collection

Study Location

No. of
Study Design Pregnancies

No. of Live
Births

No. of Live and
Stillbirths

Zaleznik
2000 [26]

January 1993– 12 hospitals in
December
4 cities in US
1996
(Houston,
Minneapolis,
Seattle,
Pittsburgh)

Multicenter,
Not
157 184
prospecreported
tive, active
surveillance
study

Schwartz
1991 [46]

1982–1983

PopulationNot
Incidence of 22 Not reported
based surreported
cases/100 000
veillance
live births
for invasive
GBS disease
in adults

Gallagher
1985 [41]

Jan 1980–June St Elizabeth
Retrospective Not reported Not
1984
Hospital Medical audit of
reported
Center, a teachGBS-positive
ing hospital of
blood
northeastern
cultures
Ohio

Not reported

Pass
1982 [44]

June 1977–
December
1979 and
June 1977–
June 1980

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

Gibbs
1981 [19]

March 1975–
June 1979

Bexar County
Teaching
Hospitals, San
Antonio, Texas

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

Inclusion
Criteria

Incidence rate All mothers
0.3/1000
delivering
deliveries
at the 4
included
hospitals.
Cases
identified
from microbiology
laboratory
records,
febrile
women
(only 1 of 4
criteria for
sepsis)

Cases of
Maternal
Diagnosis of
GBS
Blood Maternal GBS
Disease Cultures
Disease
54

52

Isolation of
GBS from
blood or
another
usually
sterile site
(except
urine)
during hospitalization

Resident of
the Atlanta
health district from
who GBS
was isolated from
a normally
sterile site
in 1982 or
1983

14

9

Isolation of
GBS from a
sterile site
in a surveillance-area
resident

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

Retrospective Not reported Not
audit of
reported
patients
with proven
GBS sepsis, also
results from
prospective study
of GBS
infections

Incidence rates Patients with
of 2.3 and
proven
1.4/1000
GBS sepsis
deliveries,
(also results
respecfor all
tively for
nonbacteUniversity
remic GBS
Hospital
infections
and Cooper
in obstetric
Green
patients)
Hospital

21

21

Proven GBS
sepsis (not
further
defined,
but all had
GBS isolates from
blood)

Retrospective Not reported Not
audit of aerreported
obic streptococcal
infections
in obstetric
patients

Not reported

31

31

Streptococcal
isolate in
1 or more
blood
cultures
accompanied by clinical signs of
infection

Patients with
streptococcal
infections
with bacteremia in the
hospital’s
blood culture results
system

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

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 definition 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 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 pregnancies (1 study, n = 150 043). Abbreviations: CI, confidence interval; ES, effect size; GBS, group B Streptococcus.
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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, confidence interval; ES, effect size; GBS, group B Streptococcus.

Perinatal Outcomes

Colonization

From 9 studies where pregnancy outcome was reported [19,
23, 26, 40–42, 44, 46, 47], there were 323 live births, 21 miscarriages, 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 settings. 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).

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.

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 neonate 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].
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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.

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, excluding the study focused solely on severe sepsis. This maternal incidence 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 cannot 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 background 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 newborn is likely to be higher in low- and middle-income contexts.
The small number of articles and limited geographies covered, 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 heterogeneity 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), laboratory 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 incidence 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 incidence 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 inconsistencies 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, clinical signs of sepsis may be obscured to some extent by the
physiological changes in pregnancy [43]. For example, leukocytosis, a sign of sepsis (see Supplementary Table 2), is a normal 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 burden 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 leading 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 analysis 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 gestational 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 antenatal 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 infection) 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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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 approximately 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 preventing 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.

most common cause of endometritis or chorioamnionitis [19].
Chorioamnionitis (infection of the intrauterine environment
and fetal membranes) affects 1%–4% of pregnancies in developed countries; the incidence in low- and middle-income contexts 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 cesarean deliveries in developed countries [52]. Most cases of PPE
are not evaluated using sterile site cultures because endometritis is treated empirically [25]. Nonetheless, GBS is an important 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 contribution 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 prophylaxis [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 communication, 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 morbidity 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 notwithstanding. It is also in keeping with other findings of a fall in incidence 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].
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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, unsurprisingly, 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, current vaccine candidates are likely to be effective in preventing
some maternal GBS disease.
CONCLUSIONS

This first review of maternal GBS disease suggests that the incidence 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 contexts 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 postpartum period.
There is a need for high-quality research into the etiology of
maternal sepsis worldwide, but especially in low- and middle-income 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

(an international, nonprofit health organization affiliated with
The Johns Hopkins University). The Initiative notes the importance 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 comparisons regarding GBS, agreement on the parameters used
to determine cases of maternal GBS disease and the denominator 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 vaccination strategies to inform policy decisions (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.; N. H. A. and F. B. J. performed the database searches. N. H. A., F. B. J., and J. H. removed duplicates and screened titles and abstracts for eligibility. J. H., N. H. A., and F. B.
J. read the full texts, confirmed suitability for inclusion, and extracted data.
Data analyses were undertaken by J. H.; the first draft of the manuscript was
written by J. H. and M. G. G.; T. L. provided input data for the analyses. The
GBS Estimates Expert Advisory Group (C. J. B., C. C., P. T. H., M. I., K. L. D.,
S. A. M., C. E. R., S. K. S., S. S., A. S.-t. M., J. V.) provided input to the conceptual process throughout, notably on the disease schema and data inputs.
All the authors reviewed and gave input to the manuscript.
Acknowledgments. The authors thank Claudia da Silva for administrative assistance and Alegria Perez for coordinating author signatures.
Disclaimer. The findings and conclusions in this article are those of the
authors and do not necessarily represent the official position of any of the
agencies or organizations listed.
Financial support. This supplement was supported by a grant to the
London School of Hygiene & Tropical Medicine from the Bill & Melinda
Gates Foundation (Grant ID: OPP1131158).
Supplement sponsorship. This article appears as part of the supplement “The Burden of Group B Streptococcus Worldwide for Pregnant

Women, Stillbirths, and Children,” sponsored by the Bill & Melinda Gates
Foundation and coordinated by the London School of Hygiene & Tropical
Medicine.
Potential conflicts of interest. Many contributors to this supplement
have received funding for their research from foundations, especially the Bill
& Melinda Gates Foundation, and several from Wellcome Trust, Medical
Research Council UK, the Thrasher Foundation, the Meningitis Research
Foundation, and one individual from the US National Institutes of Health.
Members of the Expert Advisory Group received reimbursement for travel
expenses to attend working meetings related to this series. A. S.-t. M. works
for the Bill & Melinda Gates Foundation. T. L. has received grants from Pfizer
Inc to support independent epidemiological studies. C. J. B. has served as a
member of the Presidential Advisory Committee for Seqirus Inc and of the
CureVac Inc Scientific Advisory Committee, as well as undertaken consultancy work for Pfizer Inc. C. C. has received institutional compensation
from Novartis for conducting GBS studies. P. T. H. has been a consultant
to Novartis and Pfizer on GBS vaccines but received no funding for these
activities. M. I. has undertaken sponsored research from Pfizer on pneumococcal disease in adults and from Belpharma Eumedica (Belgium) on temocillin antimicrobial susceptibility in Enterobacteriaceae. K. L. D. has received
funding by the Bill & Melinda Gates Foundation to work on research on GBS
serocorrelates of protection to inform vaccine trials, and travel expenses from
Pfizer to attend a meeting on an investigator-led project on GBS. S. A. M. has
collaborated on GBS grants funded by GlaxoSmithKline and by Pfizer and
received personal fees for being member of its advisory committee; he has
also collaborated on a GBS grant funded by Minervax. All other authors
report no potential conflicts of interest. All authors have submitted the ICMJE
Form for Disclosure of Potential Conflicts of Interest. Conflicts that the editors consider relevant to the content of the manuscript have been disclosed.

References
1. Say L, Chou D, Gemmill A, et al. Global causes of maternal death: a WHO systematic analysis. Lancet Glob Health 2014 ; 2:e323–33.
2. Loudon I. Deaths in childbed from the eighteenth century to 1935. Med Hist
1986; 30:1–41.
3. Loudon I. Maternal mortality in the past and its relevance to developing countries
today. Am J Clin Nutr 2000; 72:241–6S.
4. Knight M, Kenyon S, Brocklehurst P, Neilson J, Shakespeare J, Kurinczuk JJ,
eds; MBRRACE-UK. Saving lives, improving mothers’ care—lessons learned
to inform future maternity care from the UK and Ireland confidential enquiries into maternal deaths and morbidity 2009–12. Oxford: National Perinatal
Epidemiology Unit, University of Oxford, 2014 .
5. Knight M, Nair M, Tuffnell D, et al. Saving lives, improving mothers’ care—surveillance of maternal deaths in the UK 2012–14 and lessons learned to inform
maternity care from the UK and Ireland Confidential Enquiries into Maternal
Deaths and Morbidity 2009–14. Oxford: National Perinatal Epidemiology Unit,
University of Oxford, 2016.
6. Padkin A, Goldfrad C, Brady AR, Young D, Black N, Rowan K. Epidemiology of
severe sepsis occurring in the first 24 hrs in intensive care units in England, Wales,
and Northern Ireland. Crit Care Med 2003 ; 31:2332–8.
7. Vincent JL, Rello J, Marshall J, et al; EPIC II Group of Investigators. International
study of the prevalence and outcomes of infection in intensive care units. JAMA
2009; 302:2323–9.
8. Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of sepsis in the
United States from 1979 through 2000. N Engl J Med 2003 ; 348:1546–54.
9. Blanco JD, Gibbs RS, Castaneda YS. Bacteremia in obstetrics: clinical course.
Obstet Gynecol 1981; 58:621–5.
10. Ledger WJ. Bacterial infections complicating pregnancy. Clin Obstet Gynecol
1978; 21:455–75.
11. Acosta CD, Bhattacharya S, Tuffnell D, Kurinczuk JJ, Knight M. Maternal sepsis:
a Scottish population-based case-control study. BJOG 2012; 119:474–83.
12. Cape A, Tuomala RE, Taylor C, Puopolo KM. Peripartum bacteremia in the era of
group B Streptococcus prophylaxis. Obstet Gynecol 2013 ; 121:812–8.
13. Kankuri E, Kurki T, Carlson P, Hiilesmaa V. Incidence, treatment and outcome of
peripartum sepsis. Acta Obstet Gynecol Scand 2003 ; 82:730–5.
14. Surgers L, Valin N, Carbonne B, et al. Evolving microbiological epidemiology and
high fetal mortality in 135 cases of bacteremia during pregnancy and postpartum.
Eur J Clin Microbiol Infect Dis 2013 ; 32:107–13.
15. Maharaj D. Puerperal pyrexia: a review. Part I. Obstet Gynecol Surv 2007;
62:393–9.

GBS Maternal Disease and Serotype Distribution • CID 2017:65 (Suppl 2) • S123

16. Yancey MK, Duff P, Clark P, Kurtzer T, Frentzen BH, Kubilis P. Peripartum infection associated with vaginal group B streptococcal colonization. Obstet Gynecol
1994 ; 84:816–9.
17. Krohn MA, Hillier SL, Baker CJ. Maternal peripartum complications associated
with vaginal group B streptococci colonization. J Infect Dis 1999; 179:1410–5.
18. Bellizzi S, Bassat Q, Ali MM, Sobel HL, Temmerman M. Effect of puerperal infections on early neonatal mortality: a secondary analysis of six demographic and
health surveys. PLoS One 2017; 12:e0170856.
19. Gibbs RS, Blanco JD. Streptococcal infections in pregnancy. A study of 48 bacteremias. Am J Obstet Gynecol 1981; 140:405–11.
20. Seale AC, Mwaniki M, Newton CR, Berkley JA. Maternal and early onset neonatal bacterial sepsis: burden and strategies for prevention in sub-Saharan Africa.
Lancet Infect Dis 2009; 9:428–38.
21. Russell N, Seale AC, O’Driscoll M, et al. Maternal colonization with group
B Streptococcus and serotype distribution worldwide: systematic review and
meta-analyses. Clin Infect Dis 2017; 65(suppl 2):S100–111.
22. Phares CR, Lynfield R, Farley MM, et al. Epidemiology of invasive group B streptococcal disease in the United States, 1999–2005. JAMA 2008; 299:2056–65.
23. Tyrrell GJ, Senzilet LD, Spika JS, et al. Invasive disease due to group B streptococcal infection in adults: results from a Canadian, population-based, active laboratory surveillance study—1996. Sentinel Health Unit Surveillance System Site
Coordinators. J Infect Dis 2000; 182:168–73.
24. Baker CJ, Goroff DK, Alpert S, et al. Vaginal colonization with group B
Streptococcus: a study in college women. J Infect Dis 1977; 135:392–7.
25. Deutscher M, Lewis M, Zell ER, Taylor TH Jr, Van Beneden C, Schrag S; Active
Bacterial Core Surveillance Team. Incidence and severity of invasive Streptococcus
pneumoniae, group A Streptococcus, and group B Streptococcus infections among
pregnant and postpartum women. Clin Infect Dis 2011; 53:114–23.
26. Knowles SJ, O’Sullivan NP, Meenan AM, Hanniffy R, Robson M. Maternal sepsis
incidence, aetiology and outcome for mother and fetus: a prospective study. BJOG
2015 ; 122:663–71.
27. Drew RJ, Fonseca-Kelly Z, Eogan M. A retrospective audit of clinically significant
maternal bacteraemia in a specialist maternity hospital from 2001 to 2014. Infect
Dis Obstet Gynecol 2015 ; 2015:518562.
28. Lawn JE, Bianchi-Jassir F, Russell N, et al. Group B streptococcal disease worldwide for pregnant women, stillbirths, and children: why, what, and how to undertake estimates? Clin Infect Dis 2017; 65(suppl 2):S89–99.
29. Seale AC, Blencowe H, Bianchi-Jassir F, et al. Stillbirth with group B streptococcal
disease worldwide: systematic review and meta-analyses. Clin Infect Dis 2017;
65(suppl 2):S125–32.
30. Bianchi-Jassir F, Seale AC, Kohli-Lynch M, et al. Preterm birth associated with
group B Streptococcus maternal colonization worldwide: systematic review and
meta-analyses. Clin Infect Dis 2017; 65(suppl 2):S133–42.
31. Le Doare K, O’Driscoll M, Turner K, et al. Intrapartum antibiotic chemoprophylaxis policies for the prevention of group B streptococcal disease worldwide: systematic review. Clin Infect Dis 2017; 65(suppl 2):S142–51.
32. Russell N, Seale AC, O’Sullivan C, et al. Risk of early-onset neonatal group B
streptococcal disease with maternal colonization worldwide: systematic review
and meta-analyses. Clin Infect Dis 2017; 65(suppl 2):S152–9.
33. Madrid L, Seale AC, Kohli-Lynch M, et al. Infant group B streptococcal disease
incidence and serotypes worldwide: systematic review and meta-analyses. Clin
Infect Dis 2017; 65(suppl 2):S160–72.
34. Tann CJ, Martinello K, Sadoo S, et al. Neonatal encephalopathy with group B
streptococcal disease worldwide: systematic review, investigator group datasets,
and meta-analysis. Clin Infect Dis 2017; 65(suppl 2):S173–89.
35. Kohli-Lynch M, Russell N, Seale AC, et al. Neurodevelopmental impairment in
children after group B streptococcal disease worldwide: systematic review and
meta-analyses. Clin Infect Dis 2017; 65(suppl 2):S190–9.

S124 • CID 2017:65 (Suppl 2) • Hall et al

36. Seale AC, Bianchi-Jassir F, Russell N, et al. Estimates of the burden of group B
streptococcal disease worldwide for pregnant women, stillbirths, and children.
Clin Infect Dis 2017; 65(suppl 2):S200–19.
37. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate healthcare interventions: explanation and elaboration. BMJ 2009; 339:b2700.
38. Stevens GA, Alkema L, Black RE, et al; GATHER Working Group. Guidelines for
Accurate and Transparent Health Estimates Reporting: the GATHER statement.
PLoS Med 2016; 13:e1002056.
39. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials 1986;
7:177–88.
40. Lamagni T, Guy R, Wloch C, Shetty N, Chalker V, Johnson A. Estimating the
burden of group B streptococcal (GBS) maternal sepsis in England. In: Federation
of Infection Societies (FIS) Annual Conference and the 10th Healthcare Infection
Society (HIS) International Conference, Edinburgh, 2016.
41. Gallagher PG, Watanakunakorn C. Group B streptococcal bacteremia in a community teaching hospital. Am J Med 1985 ; 78:795–800.
42. Kalin A, Acosta C, Kurinczuk JJ, Brocklehurst P, Knight M. Severe sepsis in
women with group B Streptococcus in pregnancy: an exploratory UK national
case-control study. BMJ Open 2015 ; 5:e007976.
43. O’Higgins AC, Egan AF, Murphy OC, Fitzpatrick C, Sheehan SR, Turner MJ. A
clinical review of maternal bacteremia. Int J Gynaecol Obstet 2014 ; 124:226–9.
44. Pass MA, Gray BM, Dillon HC Jr. Puerperal and perinatal infections with group
B streptococci. Am J Obstet Gynecol 1982; 143:147–52.
45. Schrag SJ, Zywicki S, Farley MM, et al. Group B streptococcal disease in the era of
intrapartum antibiotic prophylaxis. N Engl J Med 2000; 342:15–20.
46. Schwartz B, Schuchat A, Oxtoby MJ, Cochi SL, Hightower A, Broome CV.
Invasive group B streptococcal disease in adults. A population-based study in
metropolitan Atlanta. JAMA 1991; 266:1112–4.
47. Zaleznik DF, Rench MA, Hillier S, et al. Invasive disease due to group B
Streptococcus in pregnant women and neonates from diverse population groups.
Clin Infect Dis 2000; 30:276–81.
48. van Dillen J, Zwart J, Schutte J, van Roosmalen J. Maternal sepsis: epidemiology,
etiology and outcome. Curr Opin Infect Dis 2010; 23:249–54.
49. Kinasewitz GT, Yan SB, Basson B, et al; PROWESS Sepsis Study Group. Universal
changes in biomarkers of coagulation and inflammation occur in patients with
severe sepsis, regardless of causative micro-organism [ISRCTN74215569]. Crit
Care 2004 ; 8:R82–90.
50. Gravett CA, Gravett MG, Martin ET, et al. Serious and life-threatening pregnancy-related infections: opportunities to reduce the global burden. PLoS Med 2012;
9:e1001324.
51. Sperling RS, Newton E, Gibbs RS. Intraamniotic infection in low-birth-weight
infants. J Infect Dis 1988; 157:113–7.
52. Duff P. Pathophysiology and management of postcesarean endomyometritis.
Obstet Gynecol 1986; 67:269–76.
53. Meaney-Delman D, Bartlett LA, Gravett MG, Jamieson DJ. Oral and intramuscular treatment options for early postpartum endometritis in low-resource settings:
a systematic review. Obstet Gynecol 2015 ; 125:789–800.
54. Faro S. Postpartum endometritis. Clin Perinatol 2005 ; 32:803–14.
55. The Global Maternal and Newborn Infection Group. The Global Maternal and
Neonatal Sepsis Initiative: a call for collaboration and action by 2030. Lancet Glob
Health 2017; 5:e390–1.
56. Bartlett LA, LeFevre AE, Mir F, et al; ANISA-Postpartum Sepsis Study Group.
The development and evaluation of a community-based clinical diagnosis tool
and treatment regimen for postpartum sepsis in Bangladesh and Pakistan. Reprod
Health 2016; 13:16.

Clinical Infectious Diseases
SUPPLEMENT ARTICLE

Stillbirth With Group B Streptococcus Disease Worldwide:
Systematic Review and Meta-analyses
Anna C. Seale,1,2 Hannah Blencowe,1 Fiorella Bianchi-Jassir,1 Nicholas Embleton,3 Quique Bassat,4,5,6 Jaume Ordi,6,7 Clara Menéndez,4,6,8
Clare Cutland,9 Carmen Briner,9 James A. Berkley,10,11 Joy E. Lawn,1 Carol J. Baker,12 Linda Bartlett,13 Michael G. Gravett,14,15 Paul T. Heath,16
Margaret Ip,17 Kirsty Le Doare,16,18 Craig E. Rubens,14,19 Samir K. Saha,20 Stephanie Schrag,21 Ajoke Sobanjo-ter Meulen,22 Johan Vekemans,23 and
Shabir A. Madhi9,24
1
Maternal, Adolescent, Reproductive and Child Health Centre, London School of Hygiene & Tropical Medicine, United Kingdom; 2College of Health and Medical Sciences, Haramaya University,
Dire Dawa, Ethiopia; 3Newcastle University, United Kingdom; 4Centro de Investigação em Saúde de Manhiça, Maputo, Mozambique; 5Institució Catalana de Recerca i Estudis Avançats, 6ISGlobal,
Barcelona Centre for International Health Research, 7Department of Pathology, Hospital Clinic of Barcelona, Universitat de Barcelona, 8Consorcio de Investigación Biomédica en Red de
Epidemiología y Salud Pública, Madrid, Spain; 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; 10KEMRI–Wellcome Trust Research Programme, Kilifi,
Kenya; 11Oxford University, United Kingdom; 12Departments of Pediatrics and Molecular Virology and Microbiology, Baylor College of Medicine, Houston; 13Department of International Health,
Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland; 14Global Alliance to Prevent Prematurity and Stillbirth, Seattle, Washington; 15Department of Obstetrics and Gynecology,
University of Washington, Seattle; 16Vaccine Institute, Institute for Infection and Immunity, St George’s Hospital, University of London and St George’s University Hospitals NHS Foundation
Trust, United Kingdom; 17Department of Microbiology, Faculty of Medicine, Chinese University of Hong Kong; 18Centre for International Child Health, Imperial College London, United Kingdom;
19
Department of Global Health, University of Washington, Seattle; 20Bangladesh Institute of Child Health, Dhaka; 21National Center for Immunization and Respiratory Diseases, Centers for Disease
Control and Prevention, Atlanta, Georgia; 22Bill & Melinda Gates Foundation, Seattle, Washington; 23World Health Organization, Geneva, Switzerland; and 24National Institute for Communicable
Diseases, National Health Laboratory Service, Johannesburg, South Africa

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 investigator 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 associated 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 stillbirths was not included in these goals and is considerable, with
around 2.6 million stillbirths each year [2], similar to the number 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).
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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) maternal colonization of the genitourinary tract is common, occurring 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 genitourinary tract, starting before delivery. Whole-genome sequencing 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 isolated from postmortem blood culture were genetically identical
to maternal GBS colonizing isolates [11].
Understanding the contribution of GBS as a cause of stillbirth is important to design and implement preventive interventions. 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 frequently 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 vaccination 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 supplement 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 intrapartum antibiotic prophylaxis [12], risk of newborn disease
[13], neonatal disease [10], neonatal encephalopathy [21], and
impairment after neonatal disease [22]. These are used for estimates of the burden of GBS in pregnant women, stillbirths, and
infants worldwide [16].
The objectives of this review were (1) to undertake comprehensive, 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 stillbirth—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 evidence 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 amniocentesis], 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 asking 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 systematic 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 “stillbirth/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.) performed 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 systematic 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 denominator, including all stillbirths in a facility, or occurring in a geographical location in a specified time period (Supplementary
Table 2 for inclusion and exclusion criteria). We based case

ascertainment on isolation of GBS identified through conventional 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 performed 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 collected 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 confirmation of GBS from the fetus. Most (9/14 studies) were from developed 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 microbiological 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, samples 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 communication, 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].
GBS-Related Stillbirth Worldwide • CID 2017:65 (Suppl 2) • S127

Figure 2. Data search and included studies on group B Streptococcus–associated stillbirth.
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
Table 1.

stillbirths (Table 1). The percentage of GBS-associated stillbirths 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

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 GBSAssociated
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

NA

18

NA

3

Studies with all data collected before 2000 are noted in bold.
Abbreviations: GBS, group B Streptococcus; NA, not applicable.
a

Includes unpublished and/or updated data from the investigator group.
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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.

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 stillbirths. 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 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

Table 2. Key Findings and Implications

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 number of stillbirths is high (1.1 million), and approximately 4% are
associated with GBS disease. In terms of the worldwide mortality burden of GBS, stillbirths may be far more important than
neonatal deaths [16].
Estimates are limited, however, by the available data. The studies have biases in terms of access to care, samples taken, case definitions, 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 reduction 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, identified [6]. However, this is less applicable to EOGBS and GBSassociated 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 stillbirth, even in high-income contexts, where most data on this subject 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

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 stillbirths in Africa may be associated with GBS, and 1% in developed
regions.
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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.

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 stillbirths 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 samples taken (and from where), as well as the use of appropriate
laboratory methods, maximizing sensitivity with conventional
microbiological methods and assessing the specificity of molecular methods for GBS detection in stillbirth.
CONCLUSIONS

GBS is likely an important, potentially preventable, cause of
stillbirth, especially in Africa. Improving the data across geographies, 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.
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Background. Preterm birth complications are the leading cause of deaths among children <5 years of age. Studies have suggested 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 unpublished 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 colonization 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’ gestation) 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].
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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 longterm 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 preterm birth, with bacteria such as GBS, is unclear [9, 10]. A previous 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 bacterial infection of fetal membranes and decidua causing: (1) secretion 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 protease 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 demonstrated 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, stillbirths, 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 colonization, 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 chorioamnion 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
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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 chorioamnion 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, researchers, 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 combined with search terms for “GBS” or “Streptococcus agalactiae.”
Medical subject heading (MeSH) terms were used where possible. The full list of search terms is presented in Supplementary
Table 1. The search was limited to humans and there were no language or date restrictions. Case reports, case series, and reviews
were excluded, as well as studies without an appropriate comparison 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 independent 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.

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.
Meta-analyses and Sensitivity Analyses

Data from each study were extracted into standard Excel forms
and imported to Stata 14 software (StataCorp) for meta-analyses. 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-control, 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 misclassification in the exposure or outcome resulting in bias. These were:
1. Exposure classification: reducing misclassification through
increasing sensitivity of detection through sample site and laboratory method (rectovaginal sampling and broth enrichment) [16];
2. Exposure classification: to evaluate effect of using nonselective laboratory methods and cervical and upper vaginal
sampling, which could reflect detection of more heavily colonized 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 literature; 1 unpublished dataset and 9 records were identified
through snowball searches. After the selection process, 45 studies 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), including 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
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Figure 2. Search strategy and study selection for analyzing the potential association between maternal group B Streptococcus (GBS) colonization and preterm birth.

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 colonization 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.
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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.

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-control 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 factors): 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).
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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, cervical, and/or rectal swabs from pregnant women

28

RR = 1.21

(.99–1.48)

.061

Exposure classification- (sampling and laboratory factors)

Reducing misclassification through increasing sensitivity of detection through sample site and laboratory 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 (gestational 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

Main analysis from GBS isolated from vaginal, cervical, and/or rectal swabs from pregnant women

9

OR = 1.85

(1.24–2.77)

.003

Exposure classification (sampling and laboratory factors)

Reducing misclassification through increasing sensitivity of detection through sample site and laboratory 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 (gestational 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

Case-control studies

Abbreviations: CI, confidence interval; GBS, group B Streptococcus; OR, odds ratio; RR, risk ratio.
a

P value of significance test of RR = 1 or OR = 1.

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 evidence of association in cohort studies that excluded women
using antibiotics. Only 4 cohort studies were included in
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sensitivity analysis, reducing the power to detect the association (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 antenatal 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 similar to initial analysis, in studies that measured GA by LMP,

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 thresholds for the definition of preterm were excluded in the sensitivity 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 association with preterm birth is stronger, which is biologically plausible. 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 geographical distribution, with most data from high-income contexts, and the potential sources of bias we were able to assess
based on reported sampling strategies, microbiological methods, 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 sensitive 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 association 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 antibiotics 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 reacquisition of bacteria, so repeated sampling through pregnancy
could be important to test the association.
In terms of outcome measurement, uncertainty in gestational 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 differences in the effect estimates for GBS colonization and premature 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 crucial for future studies [72].
The results presented here may, however, be subject to confounding (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 confounding 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 gestation, 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 methodologies reported systematically, particularly from low- and middle-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 measurement 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 measurement 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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Table 2.

Key Findings and Implications

What’s new about this?
• This systematic review is the most comprehensive review to date evaluating the association between GBS maternal colonization and preterm delivery, and
includes results from 45 studies, split by study design, and 6 sensitivity analyses to assess biases.
What was the main finding?
• There is some evidence to suggest that GBS maternal colonization is associated with preterm birth, with cohort/cross-sectional studies suggesting a 20%
increased risk and case-control studies an 80% increased risk. Evidence of ascending infection (bacteriuria) carries a higher risk of preterm delivery.
How can the data be improved?
• Most of the biases assessed (such as detection of maternal GBS colonization), are likely to bias to the null. However, some biases (eg, recruitment bias for
case-control studies), may bias results and overestimate the effect size. Confounding could increase or decrease the effect size, and this may vary in different contexts. Large longitudinal prospective studies that address these biases, confounding, and with accurate exposure and outcome measurement are
needed, especially in low- and middle-income contexts.
What does it mean for policy and programs?
• Maternal GBS vaccine could reduce preterm birth if associated with maternal GBS colonization, and a vaccine probe study could provide a more definitive
answer to this research question.
Abbreviation: GBS, group B Streptococcus.

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 maternal 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 vaccine targeted against maternal GBS colonization or the mechanism 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 professionals. 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 strategies, 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 leading 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 prerequisite for EOGBS disease [3, 4], with vertical transmission
of GBS to babies occurring at or just before birth. The administration of intrapartum antibiotics aims to prevent EOGBS
a
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and is traditionally targeted based on known GBS colonization 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 multicenter 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 benzylpenicillin 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 significant 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 incidence 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 presence 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 disease, 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 associated 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 introduction of clinical screening strategies, although a larger proportion of women are treated with IAP using clinical as opposed to
risk-based strategies [8]. Any consensus regarding IAP strategies 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 individually and according to international guidelines [24, 25].
The objectives of this review are:

the strategies and methods used, and where possible, coverage or the status of implementation;
2. To assess these data for input into estimating the global burden 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 vaccination, globally.

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,

Inclusion and Exclusion Criteria
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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 relevant 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 “colonization” 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 database (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.

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

Figure 1. Intrapartum antibiotic chemoprophylaxis in disease schema for group B streptococcal (GBS) disease, as described by Lawn et al [16].

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 strategy: 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 coverage 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 policy 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 policy 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 country 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 articles 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 identical 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 association and survey responses matched the country policy (n = 72),
leaving 19 unique survey responses. Details are reported in
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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.

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
S146 • CID 2017:65 (Suppl 2) • Le Doare et al

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 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.

The majority of countries reporting no policy came from low
and lower-middle–income countries (25/33 [76%]). Two countries had limited IAP strategies, reported as risk-based screening 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 riskbased 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 microbiological and 16 of 44 risk-based policies. (Supplementary
Table 3).
For countries with an IAP policy, implementation varied both within and between countries. Implementation was
more frequently reported as high in countries with microbiological screening (median, 80% [range, 20%–95%]) compared
to countries with clinical risk factor–based approaches (29%
[range, 10%–50%]). Policy documents estimating implementation varied from estimates based on clinician reporting, especially 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 pointof-care screening using polymerase chain reaction when women
presented in labor, in addition to screening at 35–37 weeks’ gestation. 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 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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Table 1. Intrapartum Antibiotic Chemoprophylaxis by Region and Income
Status

Region

Responses IAP Policy Microbiological

Developed
regions
East Asia

Risk Factor
Based
No Policy

34

34

22

12

0

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

20

3

0

2

17

9

5

2

3

4

Sub-Saharan
Africa
West Asia

Abbreviation: IAP, intrapartum antibiotic chemoprophylaxis.

Clinical Risk Factors for Intrapartum Antibiotic Chemoprophylaxis
Administration

Twenty-five countries reported IAP based on clinical risk factors (14 national, 11 regional/hospital). There was little variation 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 administration based on clinical risk factors (Kenya and South Africa).
However, responses from the online survey suggest that coverage 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 country have a national policy for intrapartum antibiotics to prevent
neonatal group B streptococcal disease?” In countries with riskbased 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 reporting 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 represents 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 colonization 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.
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Figure 5. Scatterplot of early-onset disease incidence by national intrapartum
antibiotic chemoprophylaxis (IAP) policy type.

within the context of local policy and guidance on screening
for GBS colonization [27]. In our study, low- and middle-income 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 implementation 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 cesarean delivery [28]. Such widespread use of antibiotics in pregnancy 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, following 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 neonatal 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 successful administration of IAP, especially in low- and middle-income 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 healthcare 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 incidence [1]. We cannot assume causality, however, as this finding
may reflect other differences in healthcare such as access to care.

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 systematic 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/coverage 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 reporting 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 coverage 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.

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 individual 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 prevention 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.
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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 systematically 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 vaginal GBS colonization developed EOGBS [1]—that is, around 2%
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risk. However, this was before intrapartum antibiotic prophylaxis
(IAP) became established in high-income contexts.
Since the 1970s and 1980s [1–8], several observational studies and randomized controlled trials have demonstrated that
IAP reduces the risk of EOGBS [9–17], using either microbiological screening (rectovaginal colonization) [16, 18] or clinical risk factors for EOGBS, such as preterm labor (<37 weeks),
prolonged rupture of membranes (PROM) (>18 hours), maternal fever (≥38.0°C [100.4°F]), or suspicion of chorioamnionitis
[18–21]. The risk of EOGBS disease may therefore vary, according 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 estimating the burden of GBS disease in pregnant women, stillbirths,
and infants, which is important in terms of public health policy,

particularly vaccine development (Figure 1), as outlined elsewhere [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 cerebrospinal 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 laboratory 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 infections. 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 maternal 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 pregnant 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 systematically 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 number 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 evidence of recruitment bias, such as studies where rectovaginal
sampling was in response to clinical risk (which may overestimate 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.
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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 criteria, 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 chlorhexidine 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 subject 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 colonization, 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 varying 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,

Figure 2. Data search and included studies for risk of early-onset neonatal invasive group B streptococcal disease in the presence of maternal colonization.

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

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].

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

IAP Policy
No IAP policy
IAP policyb
(varying
coverage)

No. of GBSColonized
Mothers

No. of EarlyOnset GBS
Cases

Pooled Estimates (Worldwide)

6649

85

1.1 (95% CI, .6–1.5)

13 348

16

0.03 (95% CI, 0–.07)

Abbreviations: CI, confidence interval; GBS, group B Streptococcus; IAP, intrapartum antibiotic prophylaxis.
a

See Meta-analyses in the Supplementary Materials.

b

Not including randomized controlled trials.
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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 gestational 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 proportion 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 selection 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, prolonged rupture of membranes (≥18 hours) or maternal fever
(>38°C), were not frequently reported. However, the prevalence

Figure 4. Risk of early-onset disease with varying intrapartum antibiotic prophylaxis 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.

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 sterilize 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

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%)

Microbiological
screening-based
policy with limited
implementation

40%

0.9% (.4%–1.5%)

40% (6%–73%)

Risk-based strategy
with high implementation, and ad
hoc screening

60%b

0.6% (.1%–1.2%)

59% (26%–93%)

Risk-based strategy with high
implementation

50%b

0.8% (.3%–1.3%)

50% (16%–83%)

79.2% (45.5%–113%)

Abbreviations: CI, confidence interval; US, United States.
a

Based on US data on estimated coverage of GBS-positive pregnant women with screening and intrapartum antibiotic prophylaxis [56]
b
Theoretical estimated coverages based on data that approximately 40% (or more) of newborns with early onset are born to pregnant women with no risk factors [19].

cultures alone [50, 51]. Such cases are difficult to quantify, however, 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 selective 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 changing risk in different settings. These could be genetic, especially
relating to ethnicity, but this was insufficiently described to permit further analyses. Serotypes and sequence type clonal complexes colonizing mothers may also be important, but sufficient
paired data linking maternal colonizing serotypes with newborn 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 immunodeficiency 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 antibiotic 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, settings 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 implying 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 negative (or were not tested) for GBS colonization [41, 55].
Neonatal GBS With Maternal Colonization • CID 2017:65 (Suppl 2) • S157

What does it mean for policy and programs?
• 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.
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What was the main finding?
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decreased as coverage of IAP increases.
How can the data be improved?
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would help to explore differences in disease risk.

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 screening. The risk is likely underestimated and will lead to a conservative minimum estimate of the burden of GBS disease in
newborns in a compartmental model (Table 3).
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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 investigated 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 unpublished 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 mortality, 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%
a
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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 important to guide public health decision making on interventions.
Many HICs have implemented intrapartum antibiotic prophylaxis (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

factors [10, 11]. However, this strategy will not reduce late-onset 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 invasive 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 colonization, 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 causing GBS disease among infants.
2. To generate parameters to be used as data inputs in a compartmental model estimating the burden of GBS in pregnancy 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 reporting 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].
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restrictions. We identified data through systematic review of
the published literature and through an investigator group that
sought unpublished data from clinicians, researchers, and relevant 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 disease. 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 agalactiae” [Medical subject headings (MeSH)] OR “Streptococcus
Group B” OR “Group B streptococcal”) AND “infant,” “outcome,” “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 reference 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 preterm 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
S162 • CID 2017:65 (Suppl 2) • Madrid et al

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 information on the study design (prospective or retrospective), setting (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 catchment 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, including only studies considered to be less subject to case finding
bias resulting from low access to care, nonsystematic sampling, 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 neonatal care and reference lists, and 7 datasets from an investigator
group [22, 23, 26] (Araujo da Silva et al. unpublished, Dhaded et

al. unpublished, Saha et al. unpublished, Sigaúque et al. unpublished). 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 illustrated 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%], including 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 unable 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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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.
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%])
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compared with LICs (31% [95% CI, –20% and 82%]); meta-analysis 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 captured 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%) ranging from 5.0% (95% CI, 4.0%–7.0%) in developed countries to

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)

10 (7.4)

10 (11.1)

2 (3.1)

0 (0.0)

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)

Southeastern Asia
Study design

Population/facility-based studya
Population-based
Facility based

24 (18.8)

18 (20.0)

13 (20.3)

35 (76.1)

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)

27 (20.0)

19 (21.8)

12 (18.8)

3 (6.4)

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)

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)

Specimen type
Blood only
CSF only

IAP

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.
a

Two missing values for population/facility-based and 19 missing values for IAP use.

b

Studies reporting incidence among infants for the whole period aged 0-89 days among all studies.

c

Studies reporting EOGBS cases among infants for the whole period aged (0-6 days) among studies reporting EOGBS in each category.

d

Studies reporting LOGBS cases among infants for the whole period (7–89 days) among studies reporting EOGBS in each category.

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-analysis 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,
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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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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.

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 meningitis (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 percentage of sepsis; 53% (95% CI, 43%–62%) had sepsis and 43%
(95% CI, 34%–51%) had meningitis (meta-analysis of meningitis 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).
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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 estimate 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 previously 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 invasive 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 emergence, increases in comorbidities such as HIV [42], or improved
data collection to detect early disease. This high incidence is
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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 incidence 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 difference, 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 frequently 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 information could be extracted. Late-onset disease is likely underestimated 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 different 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 possible 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

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.

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 different regions, with some slight variations. The lowest prevalence 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 uncertainties 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 introduce. 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).
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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 unpublished 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 associated 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 impairment morbidity worldwide [1]. Newborns exposed to a perinatal 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
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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 hypothermia 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 criteria 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, individual centers in middle-income settings have reported favorable outcomes [11].
Increasing evidence suggests the importance of a sensitizing effect of inflammation, increasing the susceptibility of the
immature brain to perinatal events that drive the pathogenesis of NE [12, 13]. Animal studies have shown that exposure
to bacterial endotoxin increases vulnerability of the developing 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 neonatal brain [13, 15, 16]. A recent study, modeling gram-positive
infection prior to hypoxic-ischemic injury, demonstrated sensitization of the brain to injury, but also encouragingly, neuroprotection 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 hypothesized [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 contribution 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 meeting 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, intrapartum-related death, and birth asphyxia; these are shown in
Supplementary Table 1, in addition to definitions of GBS sepsis, 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 normally 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 heading (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 searching. 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 therapeutic 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 professional networking. Lead clinicians at the relevant sites were
contacted and requested to complete the same standardized
data collection spreadsheet summarizing the data to those providing 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 searchable 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 intensive 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 nonrepresentative 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 proportion 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 therapeutic 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 antenatal 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 available. Long-term outcome data, including mortality, cerebral palsy, and neurodevelopmental follow-up scores were
sought. To estimate the difference between predischarge
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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 inclusion criteria (Figure 2). Through the investigator group, an additional 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 eligible 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 overlapped with the unpublished US cooling cohort dataset provided by H.C. Glass.
Study Characteristics

Characteristics of published studies and unpublished datasets 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 particular 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 microbiological 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 datasets for infants with NE who did not meet cooling criteria
from Spain and Canada.

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.

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 hypothermia 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 disease among infants with NE, assumed to be due to hypoxia-ischemia, 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
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Year

Author

Tertiary Cooling
referral RCT

Tertiary Cooling
Secondary analysis
referral RCT pro- [29]
spective

Multisite
2001– Jacobs, SE
(Australia,
2009
New Zealand,
Canada, US),
ICE trial

2012–
Edwards, AD
2014

2007– Johnson, CT
2015

UK, multisite,
TOBY Xenon
trial

US, Maryland

Tertiary Cohort, ret- Secondary analysis
referral rospec[33]
tive

Secondary analysis
[30]

Tertiary Cooling
Secondary analysis
referral RCT,
[31]
prospective

National Unpublished
neonatal
database,
retrospective

US, multisite, 2000– Shankaran, S
NICHD cooling
2003
trial

Tertiary

Tertiary Cooling
Secondary analysis
referral RCT pro- [28]
spective

2010–
CNN
2015

Canada,
national

Tertiary National Unpublished
referral neonatal
database,
retrospective

Study
Design

International, 1999– Gunn, A
multisite (New
2003
Zealand, UK,
US, Canada),
CoolCap trial

2009– NDAU
2016

UK, national

Type of
Unit

Published/
Secondary
Analysis/
Unpublished

HIE

HIE

HIE

HIE

HIE

HIE

HIE

NE/HIE

1360–6770

NICHD cooling criteriaa

Grade 2 or 3 HIE according to Sarnat
34–41
cord gas or neonatal gas at <1 h
with pH ≤7.0, a base deficit >16 mM,
pH 7.01–7.15, and base deficit
10–15.9 mM (if moderate-severe
encephalopathy was present with
evidence of an acute sentinel event
and a 10-min Apgar score <5), need
for assisted ventilation that was initiated at birth for >10 min

1900–4920 g
(average
3199 g)

Mean Cooled:
3213 (SD,
448) Cooled
plus Xenon:
3392 (SD, 685)

TOBY cooling criteriaa

36–43

1978–5500

Grade 2/3 HIE (Sarnat), or at least 2
35–42
of the following: an Apgar ≤5 or at
10 min, continued need for mechanical ventilation at 10 min, cord or
blood pH <7.00; or a base deficit of
≥12 within 60 min of birth

Y

Y

Y

Y

Mean Cooled:
3385 (SD, 617).
Not cooled:
3370 (SD, 645)

Meeting NICHDa criteria for cooling

≥36 wk

Y

Y

Y

IAP

N Screen

N Risk
factor

N Screen

N Screen

N Majority
Screen

N Screen

N Risk
factor

BC
Automated PCR

Cord or early neonatal pH <7.0, base
Mean
Mean Cooled:
excess > –16, & moderate or severe
Cooled:
3399 (SD,
encephalopathy
38.9
663) Uncooled:
(SD, 1.6)
3504 (SD, 625)
Uncooled:
39.1 (SD,
1.4)

35–44

1280–6500

Birth Weight
Range, g

Term infants receiving ≥2 d of therapeu- 35–43
tic hypothermia for treatment of NE

Definition of NE/HIE

GA Range
(Completed
wk)

Characteristics of Published and Unpublished Data Investigating Group B Streptococcus–Associated Neonatal Encephalopathy

Developed: NE/HIE meeting cooling criteria

Country

Table 1.

Y

Y

Y

Y

Y

Y

Y

Y

N

Y

Y

Y

Y

Y

Included
Death to in MetaDischarge analysis
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Author

Study
Design

2008– Glass, HC
2015

2008– Groenendaal, F
2010

2008– Walsh, BH
2017

2008– Massaro, AN
2016

2008– Wintermark, P
2017

2010–
Tann, CJ, Robertson,
2016
NJ

US, California

The
Netherlands,
Utrecht

US, Boston

US,
Washington,
DC

Canada,
Montreal

UK, London

Unpublished

Tertiary Cohort,
Unpublished
referral prospective

Tertiary Cohort, ret- Unpublished
referral rospective

Tertiary Cohort,
Unpublished
referral prospective

Tertiary Cohort,
Unpublished
referral prospective

Tertiary Cooling
referral cohort

Tertiary Cohort, ret- Unpublished
referral rospective

Tertiary Cohort,
Unpublished
referral prospective

UK, Bristol

2007– Thoresen M
2016

Tertiary Cohort,
Secondary analysis
referral prospec- [15]
tive

Tertiary Cohort,
Secondary analysis
referral prospec- [32]
tive

Type of
Unit

Published/
Secondary
Analysis/
Unpublished

Ireland, Dublin 2010–
Hayes, B
2015

2009– Garcia-Alix, A
2011

Year

Continued

Spain,
Barcelona

Country

Table 1.

HIE

HIE

HIE

HIE

HIE

HIE

HIE

HIE

HIE

NE/HIE

2560–4010

34–41

>35

TOBY cooling criteriaa

TOBY cooling criteriaa

1750–6230

34–42

35 –42

34–43

34–42

35–42

Adapted TOBY cooling criteriaa

AAP cooling criteriaa

NICHD cooling criteriaa

NICHD cooling criteriaa

TOBY cooling criteria a

1765–5370

1930–6040

1787–6375

2090–4150

1790–5520

All 3 criteria: (1) >36 wk, <6 h; (2) Apgar 35–41
score <5 at 10 min, prolonged resuscitation at birth pH <7.00 and/or base
excess < –12 (cord or blood gas)
within 1 h; (3) moderate to severe
encephalopathy

3360–3800

2000–4090

Definition of NE/HIE

Birth Weight
Range, g

Infants meeting the 3 following criteria: ≥34–42
(1) altered fetal heart rate pattern,
sentinel event, or labor dystocia; (2)
Apgar score ≤5 at 10 min, or need for
resuscitation, including endotracheal
intubation or mask ventilation for
>10 min after birth, or acidosis (pH
≤7.0 and/or base deficit ≥16 mmol/L
within 60 min from birth; (3) NE
defined as a syndrome of neurologic
dysfunction manifested by a subnormal level of consciousness with or
without seizures (moderate or severe
HIE) or palmary hyperexcitability
(tremor, overactive myotatic reflexes,
hypersensitivity to stimulation or
startle responses)

GA Range
(Completed
wk)

Y

Y

Y

Y

Y

Y

Y

Y

Y

IAP

N Risk
factor

N Risk
factor

N Screen

N Screen

N Risk
factor

N Screen

N Risk
factor

Y Risk
factor

Y Risk
factor

BC
Automated PCR

Y

Y

Y

Y

Y

Y

Y

Y

Y

N

N

Y

Y

Y

Y

N

Y

Y

Included
Death to in MetaDischarge analysis
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1992–2007

1993–2011

2008–2016

UK, London

US, California

Canada,
Montreal

Turkey, Ankara 2011–2013

Asia

1992–1998

UK, London/
Netherlands,
Utrecht

Unpublished

Cohort, ret- Unpublished
rospective

Study
Design

Tertiary Cooling
referral cohort

Tertiary

Type of
Unit

Published/
Secondary
Analysis/
Unpublished

Okomus, N Tertiary Cooling
referral cohort

Published [25]

Wintermark, Tertiary Cohort,
Unpublished
P
referral prospective

Published [17]

Cohort,
Secondary analyprospec- sis [5]
tive

Jenster, M Tertiary Cohort
referral

Martinez- Tertiary
Biarge, M referCowan, F
ral/
multiple
local
units

Cowan, F Tertiary Cohort,
Published [27]
De Vries, LS referral prospective

Developed: NE not meeting cooling criteria

2010–
Arca Diaz, G
2016

Spain,
Barcelona

Author

2010–
Cheong, J
2016

Year

Continued

Australia,
Melbourne

Country

Table 1.

HIE

NE

NE

NE

NE

HIE

HIE

NE/HIE

TOBY cooling criteriaa

NE, not meeting NICHD criteria

36–41

35–42

One of the following: (1) first blood
≥36
gas or umbilical cord artery pH <7.1;
(2) first blood gas or umbilical cord
artery base deficit >10; and/or (3)
5-min Apgar score ≤5

Signs of intrapartum fetal distress and 35 + 1–43
poor condition at birth (5-min Apgar
score <5 and/or cord pH <7.1 and/
or need for resuscitation) and early
encephalopathy (mild, moderate, or
severe)

Abnormal tone pattern, feeding difficul- 37–42
ties, altered alertness, and at least
3 of the following: (1) late decelerations on fetal monitoring or meconium staining; (2) delayed onset of
respiration; (3) arterial cord blood pH
<7.1; (4) Apgar scores <7 at 5 min;
(5) multiorgan failure

Mean 3175 (SD,
576)

1920–5215

NA

1920–4600

2000–4900

2010–4200

TOBY cooling criteriaa
34 + 1–43

2050–5200

Definition of NE/HIE

Birth Weight
Range, g

≥35 wk gestation and at least 2 of the 35–41
following; an Apgar score of ≤5 at
10 min, continued need for mechanical ventilation at 10 min, and/or cord
or blood pH <7.00/ base deficit ≥12
within 60 min of birth

GA Range
(Completed
wk)

Y

Y

Y

Y

Y

Y

Y

IAP

N None

N Screen

N Screen

N Unknown

N Risk
factor

N Risk
factor

N Risk
factor

BC
Automated PCR

N

Y

N

Y

N

Y

Y

Y

N

N

N

N

Y

Y

Included
Death to in MetaDischarge analysis
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2009

1995–1996

India, Kerala,
Peacock trial

Nepal,
Kathmandu

2010–2011

Uganda,
Kampala

Tann, C

Kali, G

Thayyil, S

Ellis, M

Thayyil, S

Boo, N-Y

Author

Study
Design

RCT, pro- Secondary analysis
spective [26]

Cohort, ret- Secondary analysis
rospec[34]
tive

Cohort,
Unpublished
prospective

Tertiary CasePublished [16]
referral control,
prospective

Tertiary

Tertiary

Tertiary Cohort,
Secondary analyreferral prospec- sis [6]
tive

Tertiary

37 NICUs Cohort, ret- Secondary analysis
rospec[31]
tive

Type of
Unit

Published/
Secondary
Analysis/
Unpublished

NE

HIE

NE

NE

NE

HIE

NE/HIE

Definition of NE/HIE

35–43

Term infants with Thompson score >5 >36
within 12 h of birtha

TOBY cooling criteriaa

All 3 criteria: (1) age <6 h, birthweight 36–42
>1.8 kg, gestation >36 wk; (2) need
for resuscitation at 5 min and/or
5-min Apgar <6, or lack of cry by
5 min of age; (3) moderate/severe
encephalopathy at <6 h of age on
structured NICHD examination

1940–4640

1960–5190

2280–3800

1500–3999

Fenichel modified criteriaa

>37

1950–3940

Mean 3065 (SD,
486)

Birth Weight
Range, g

Infants requiring resuscitation at birth 36–40
and/or Apgar score <5 at 5 min after
birth and a Thompson encephalopathy score >5 within 6 h after birth

All 3 criteria: (1) any 3 features of
>=36
encephalopathy within 72 h of birth;
(2) 3 or more findings of acute
perinatal events, eg, arterial cord
pH <7.00, Apgar score <5 at 5 min of
life, evidence of multiorgan system
dysfunction <72 h of birth, evidence
of fetal distress, abnormal electroencephalogram, and abnormal imaging
of the brain showing ischemia or
edema within 7 days of birth; (3)
absence of any underlying congenital
cerebral infections/abnormalities
or inborn errors of metabolism that
could account for the encephalopathy

GA Range
(Completed
wk)

Y

Y

Y

N

Y

Y

IAP

Y None

N Risk
factor

N None

N N

N None

N Risk
factor

BC
Automated PCR

Y

Y

Y

N

Y

Y

N

Y

N

N

N

Y

Included
Death to in MetaDischarge analysis

See Supplementary Table 4 for full criteria.

a

Abbreviations: AAP, American Academy of Pediatrics; BC, blood culture; GA, gestational age; HIE, hypoxic-ischemic encephalopathy; IAP, intrapartum antibiotic prophylaxis; ICE, Infant Cooling Evaluation Collaboration; NA, not available; NE, neonatal encephalopathy; NICU, neonatal intensive care unit; NICHD, National Institute for Child Health and Human Development; PCR, polymerase chain reaction; RCT, randomized controlled trial; SD, standard deviation; TOBY, Total Body Hypothermia trial; UK, United
Kingdom; US, United States.

2008–2011

South Africa,
Cape Town

Africa

India, multisite, 2013–2015
Helix feasibility
Trial

2012

Year

Continued

Malaysia,
multi-site

Country

Table 1.

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.

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

Denominator

a

NE
Cases

GBS
% of
Invasive NE With
Disease
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
0

Asia
Turkey

Ankara

2011–2013

Okomus, N

Cooling cohort

HIE, cooling criteria

74

0

Malaysia

Multisite

2012

Boo, NY

Cooling cohort

HIE, cooling criteria

919

10

1.09

Cape Town

2008–2011

Kali, G

Cooling cohort

HIE, cooling criteria

94

1

1.06

Africa
South Africa

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.
a

Cases not included in the total denominator, where there is overlap with national data or another dataset.
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Table 3.

Proportion of Group B Streptococcal Disease Among Cases of Neonatal Encephalopathy

Country

Location

Year

Author

Database

Denominator

Cases

GBS Invasive % of NE With
Disease
GBS

Developed
Published

NE, not meeting cooling
criteria

253b

2

0.79

1992–2007 Martinez-Biarge, M Published
Cowan, F

NE, not meeting cooling
criteria

259b

5

1.93

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

London

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

Cooling cohort

Asia
India

Kerala

2009

NE, clinical criteria

54

0

0

Nepal

Kathmandu

1995–1996 Ellis, M

Thayyil, S

Observational study data NE, clinical criteria

95

0

0

India

Multisite

2013–2015 Thayyil, S

Observational study data NE, clinical criteria

89

0

0

Kampala

2011–2012 Tann, CJ

Case-control study

210

3

1.43

Africa
Uganda

NE, clinical criteria

Abbreviations: GBS, group B Streptococcus; NE, neonatal encephalopathy; UK, United Kingdom; US, United States.
a

The only baby reported to be GBS positive was found to be group A Streptococcus positive; erratum awaiting publication.

b

Number of cases not included in the total denominator, where there is overlap with national data or another dataset.

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 proportion 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-analysis examining the proportion of GBS disease among infants
with encephalopathy meeting criteria for therapeutic hypothermia (Figure 4). Three UK datasets and 4 Canadian datasets were

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 hypoxic-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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Table 4.

Case Fatality at Discharge Among Infants With Neonatal Encephalopathy With and Without Group B Streptococcal Disease
Case Fatality Among Infants With NE, no./No. (%)

Country

Location

Author

Denominator

Overall

With Invasive GBS

No Invasive GBS

9/72 (12.5)

629/5969 (10.5)

Developed
UK

NNRD

NDAU

HIE, cooling criteria

638/6041 (10.6)

Canada

National

CNN

HIE, cooling criteria

211/2250 (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)

US

California

Glass, HC

HIE, cooling criteria

26/252 (10.32)

The Netherlands

Utrecht

Groenendaal, F

HIE, cooling criteria

US

Boston

Walsh, BH

HIE, cooling criteria

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)

Malaysia

Multisite

Boo, N-Y

HIE, cooling criteria

144/919 (15.6)

Nepal

Kathmandu

Ellis, M

NE, clinical criteria

40/142 (28.2)

0/0 (0)

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)

South Africa

Cape Town

Kali, G

HIE, cooling criteria

14/99 (14.1)

Uganda

Kampala

Tann, CJ

NE, clinical criteria

70/208 (33.7)

3/4 (75.0)

208/2246 (9.3)

16/75 (21.3)

0/0 (0)

26/252 (10.32)

63/192 (32.8)

0/4 (0)

63/192 (32.8)

3/72 (4.2)

0/0 (0)

3/72 (4.2)

Asia
4/10 (40.0)

140/909 (15.4)
40/142 (28.2)

Africa
0/1 (0)
2/3 (66.6)

14/98 (14.3)
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.

excluded from the meta-analysis because the data overlapped
with the included national neonatal data from the same countries. 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-analysis as diagnostic techniques required for cooling criteria such
as cord and blood gas estimation and cerebral function monitoring 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 proportion 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.
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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 studies: 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 datasets 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 markedly alter this RR. Longer-term outcome data were consistently

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 estimate 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 proportion 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 disease than term infants without NE. The national UK data also
enabled the first population-wide incidence estimate of GBSassociated 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 hypothermia 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 terminology and definitions. Our findings show that 0.58% (95% CI,
.18%–.98%) of infants with NE who meet criteria for therapeutic 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 countries with no current policy (Turkey). GBS disease was more frequently 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 (proportion 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 perspective, 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 population-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 denominator 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 models [14, 41]. Systemic illness for infants affected with infection
and hypoxia-ischemia is likely to be more severe, with a combination 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 significant increase in brain injury on neuroimaging and a trend
toward increased mortality and neurodevelopmental impairment [20]. Importantly, in inflammation-sensitized HIE preclinical models, hypothermia has been shown to be variably
neuroprotective [17, 42]. A recent study, modeling gram-positive infection prior to HI injury, demonstrated sensitization of
the brain to HI injury, but also encouragingly, neuroprotection
with hypothermia [40]. Therapeutic hypothermia may also contribute to systemic instability in sepsis (eg, independently lowers 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 in Stillbirths

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

Neonatal Encephalopathy Case Definition and Subsequent Bias

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 compared to 1.6 per 1000 live births in HICs [2], with 95% of
global death and impairment secondary to intrapartum-related 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 widespread 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 GBSassociated NE are likely to be an underrepresentation of the
global problem.

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 underrepresented 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 cooling 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.

Paucity of Data for Long-Term Impairment

Death before discharge was the only available outcome measure examined. Ideally, short-term outcomes that have been
found to be predictive of longer-term outcomes, such as magnetic 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 notably 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].
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Stillborn infants are an important group of infants not represented in our analysis. Recent analyses show the important contribution 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 inflammation-sensitized newborns to survive a hypoxic-ischemic
insult [41, 42].

Group B Streptococcus Case Ascertainment

Diagnosing GBS invasive disease is an important challenge, as
outlined in elsewhere in this supplement [52]. The yield of cultures is recognized to be low in neonates due to prior receipt
of intrapartum antibiotics; small specimen volume; and prioritization 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

Table 5.

Key Findings and Implications

What’s new about this?
• NE is a major cause of child mortality and long-term impairment. There is
increasing evidence of a sensitizing role of in utero infection. GBS is an
important perinatal pathogen, yet there was limited published data regarding its role in NE.
• This is the first systematic review and meta-analysis of GBS-associated
NE. Previously unpublished data were sourced from 25 cohorts, across 13
countries via our investigator groups, to include 10 436 infants with NE.
What was the main finding?
• 0.58% (95% CI, .18%–.98%) of NE cases are associated with GBS which
is >10 times that in term infants without NE.
• GBS-associated NE is associated with an increased risk of mortality compared with NE alone (2.07 [95% CI, 1.47–2.91]).
• The incidence of GBS-associated NE in the United Kingdom is 0.019%
(95% CI, .019%–.02%) per 1000 live births.
How can the data be improved?
• Systematic collection of data regarding evidence of intrapartum or neonatal infection (GBS and other organisms) for all therapeutic hypothermia
registries, future neuroprotection trials, and neonatal national databases.
• Address the data gaps for LMICs.
• Consider GBS PCR testing of blood and CSF to increase diagnostic yield.
What does it mean for policy and programs?
• Addressing intrapartum infection is important for program prevention strategies for NE and subsequent neonatal death and neurodisability; as well
as for intrapartum stillbirth.
• The contribution of GBS to these outcomes is relevant in considering
maternal GBS vaccination.
• A GBS vaccination program may be advantageous compared to IAP due to
accessibility in low-resource settings, plus earlier prevention of unrecognized in utero infection.
Abbreviations: CI, confidence interval; CSF, cerebrospinal fluid; GBS, group B
Streptococcus; IAP, intrapartum antibiotic prophylaxis; LMIC, low- to middle-income country; NE, neonatal encephalopathy; NNRD, UK National Neonatal Research Database; PCR,
polymerase chain reaction.

widely adopted yet. GBS isolated from the skin, mucosa, trachea, or urine was not included in this review due to the uncertainty 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 longterm 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 hypothermia should incorporate data collection relevant to intrapartum and neonatal infection, and consider secondary analysis
split by presence of infection. Importantly, long-term neurodevelopmental 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 impairment in 700 000 children per year [2]. Preventing GBS infection 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 recognizing 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 therapeutic 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 combination 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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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 unpublished 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
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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

in survivors of infant infection. NDI may follow invasive infections including pneumonia, sepsis, and meningitis [7]. The
neuroimaging findings, mechanisms of brain injury, and subsequent NDI after invasive infectious disease are outlined in Box
1. Data are insufficient to estimate the risk after invasive neonatal 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 estimates. The long-term consequences of infant GBS disease are
important to understand, to estimate the full burden of GBS disease, 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

Box 1. Neuroimaging, Mechanisms of Brain Injury, and
Neurodevelopmental Impairment After Infant Meningitis
and Sepsis
Meningitis and sepsis can cause brain injury in term and
preterm infants. Magnetic resonance imaging (MRI) findings consistently show cerebrovascular involvement, and
abnormal findings on neonatal MRI have been clearly associated 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 infarction (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 vasculopathy 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, resulting in periventricular leukomalacia, a condition strongly
associated with neurodisability [14, 15]. In addition, sepsis
causes brain injury indirectly through disseminated intravascular 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 encephalopathy, which is also associated with neurodevelopmental
impairment [16].

supplement estimating the burden of GBS disease in pregnant women, stillbirths, and infants, which is important in
terms of public health policy, particularly vaccine development, 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 individually 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, stillbirths 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 infection 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 leukocyte count of >20 × 106/L), GBS sepsis (clinical signs of possible 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 problem 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 consistent with the literature. Therefore, NDIs are categorized as intellectual 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.
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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.

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 literature 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 “mortality.” 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 reference lists to identify additional studies. We requested unpublished 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 definitions used, and assessment of survivors of infant GBS disease.
If authors were uncontactable, 2 clinicians (M. K. L., N. R.)
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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 database 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 characteristics 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 definition 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 2. Data search and selection. Abbreviation: GBS, group B Streptococcus.

validity of study methods, interpretation of results, and applicability 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 followed up for a median of ≥6 months with moderate to severe
NDI where NMR was ≥5 per 1000; (7) GBS meningitis survivors
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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.

Table 1.

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

UN Region UN Subregion
Africa

Country

Americas Northern
America

Europe

Author

Southern Africa South AfricaDangor
(unpublished)
Northern Africa Tunisia

Asia

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 collection 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 middle-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, language, and socioemotional or behavioral development; 8 methods

Ben Hamouda
[36]

Followed
Sepsis
NMR (per
Publication Cases (Yes/ Median Year of 1000 Live
Year
No)
Data Collection Births)

Facility

No. of GBS
Meningitis
Minimum No. of ND Survivors (% of
Median
Assess- GBS Meningitis
Follow-up, y ments
Cases)

…a

Y

2014

11

Hospital

1

3

30 (85.7%)

2013

N

2003

15

Hospital

5

1

7 (70.0%)

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%)

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%)

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) 6;
(b) 4

National
surveillance

(a) 1.5
(b) 1.5

Denmark

Carstensen [39]

1985

Y

1980

6

National
surveillance

0.75

Germany

Schroder [46]

1982

Y

1975

9

Hospital

2.3

Western
Europe

(a) 1979;
(b) 1983

(a) 1; (b) 1 (a) 16 (80.0%);
(b) 9 (100.0%)
Not reported 26 (74.3%)
1
Total

10 (unknown)
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.
a

Three- 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 estimates by United Nations subregions, other than for developed countries, for which the estimate was also 18% (95% CI,
13%–23%), reflecting the fact that this was where most data
were from.

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.

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.
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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 sensitivity 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 similar 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 meningitis, 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 consistent 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 geographies covered. In our analysis, there were no data from low-income 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 interventions. Currently, and mainly in high-income contexts, early-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 settings where a large proportion of deliveries occur at home. There
were insufficient data to determine whether NDI in GBS meningitis 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 invasive infant GBS disease, due to challenges in detection, particularly 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 considerably, 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 validation 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 universal 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 translated, 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 investigate 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 limited 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 meningitis, which mainly presents as late-onset disease beyond
7 days of life (Table 3).

Table 3.

Key Findings and Implications

What’s new about this?
• The first systematic review of NDI findings after GBS and, despite 3
decades of focus on GBS disease in infants, data were insufficient to
assess NDI outcomes after GBS sepsis. Only 18 studies met inclusion
criteria for follow-up after GBS meningitis.
What was the main finding?
• Eighteen percent (95% CI, 13%–22%) of survivors of infant GBS
meningitis have moderate or severe NDI at a median follow-up time of
>18 months.
How can the data be improved?
• Cohort studies with adequate follow-up (>18 months) using standardized
assessment tools, validated locally, and times of clinical review, particularly in resource-poor settings.
What does it mean for policy and programs?
• Lack of data limits our assessment of the burden of NDI after invasive
infant GBS disease, which may be a considerable burden and increases
with improvements in survival.
Abbreviations: CI, confidence interval; GBS, group B Streptococcus; NDI, neurodevelopmental impairment; NMR, neonatal mortality rate per 1000 live births.
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Background. We aimed to provide the first comprehensive estimates of the burden of group B Streptococcus (GBS), including invasive disease in pregnant and postpartum women, fetal infection/stillbirth, and infants. Intrapartum antibiotic prophylaxis is the current 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% coverage 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].
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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 mortality, 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 neonatal 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].

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%], respectively) [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, neurodevelopmental 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 colonization 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 microbiological 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 invasive GBS disease [15]. Vaccine candidates include protein-based
formulations and serotype-specific polysaccharide-protein conjugates [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 disease burden schema (Figure 2). These provide input parameters 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 encephalopathy, 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.
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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 preventable 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 systematic reviews and unpublished sources through research databases 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 characteristics, 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 colonization prevalence [16], the ratio of late-onset to early-onset invasive GBS disease [19], case fatality risks (CFRs) [19], proportion of
cases with meningitis [19], proportion of infants with GBS meningitis 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], prevalence 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) microbiological 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 countries 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 estimate 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 lowest 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-onset to late-onset GBS disease from high-quality studies worldwide (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 considerably 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 attendant, 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 estimated 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 attendance 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
S204 • CID 2017:65 (Suppl 2) • Seale et al

insufficient to estimate NDI after sepsis, as described elsewhere in this supplement [20]. To do this, we applied the percentage 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 survivors. 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 minimum 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 subregional 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 disease [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 definition 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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No. of countries

Table 1.

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

place. We did not calculate cases prevented with IAP for pregnant or postpartum women or stillbirths, or late-onset cases as
these are not the target of IAP and any effect is likely to be limited 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 assumptions 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) colonizing 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

We calculated pooled risk ratios or odds ratios for the association 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.

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.

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 maternal GBS vaccination.

Code used for the estimation process is available online at
https://doi.org/10.17037/data.51.

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 provide 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

We summarize our results according to our 4 objectives as
follows:
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Source Code

RESULTS

1. Estimate country, regional, and worldwide cases of invasive
infant GBS disease, and outcomes in terms of deaths and disabilities 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 million 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 million (UR, 5.3–10.3 million) infants exposed, 11.0 million live

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 developed 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-onset 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 estimated 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 compartmental 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 lowand 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 associated 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 attributable to GBS was 0–3.5 million. The cases of preterm birth
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Table 2.

Estimated Cases of Maternal, Fetal, and Infant Group B Streptococcal Disease in 2015

Region
Southern Asia
Eastern Asia
Central Asia
Western Asia
South-Eastern Asia
Asia
Oceania
Northern Africa
Southern Africa
Eastern Africa
Western Africa
Middle Africa
Africa
Caribbean
Central America
South America
Latin America
Developed countries
Total

Fetal Infectiona

EOGBS Disease

LOGBS Disease

8700

9700

42 500

7600

(4000–14 000)

(1200–21 300)

(23 000–65 400)

(0–57 000)

4100

1300

21 900

3900

(1700–6700)

(0–2300)

(12 700–32 900)

(0–30 000)

400

200

2300

400

(200–600)

(0–400)

(1300–3200)

(0–3000)

1300

800

9200

1600

(600–2200)

(0–1700)

(5100–13 800)

(0–12 400)

2900

1500

19400

3500

(1200–4600)

(0–3300)

(10 800—28 700)

(0–43 200)

35 900

13 400

95 300

17 000

(7 100–28 100)

(1200–29 600)

(52800–142 900)

(0–145 600)

60

40

400

100

(20–100)

(0–100)

(10 800–28 700)

(0–43 100)

1400

3900

15400

15 000

(600–2300)

(1000–6700)

(8600–22 400)

(8300–24 000)

300

800

4000

3900

(100–500)

(200–1400)

(2300–5500)

(2300–6000)

3300

12 600

26 400

25 900

(1300–4600)

(3100–21 700)

15 300–40 300)

14 700–42 700)

3200

18 300

23 500

23 000

(1300–5200)

(4500–30 800)

(10 200–39 000)

(10 300–41 000)

1400

6300

15 900

15 600

(3300–12 500)

(1600–10 800)

(7900–25 600)

(7500–25 900)

9600

42 000

85 200

20 700

(6700–25 000)

(10 400–71 400)

(44 300–132 800)

(43 100–140 000)

200

100

2600

1300

(60–300)

(0–200)

(1500–3700)

(0–4300)

800

200

3100

1700

(300–1300)

(1700–13 400)

(200–6430)

(0–6100)

1600

600

8000

4200

(700–2600)

(0–1200)

(1700–14 400)

4000–14 500)

3700

900

13 700

5900

(1000–4100)

(0–2000)

(3400–24 400)

(4000–24 800)

3000

500

10 900

6000

(1300–5000)

(0–800)

(0–25 800)

(0–15 500)

32 800

56 800

205 500

113 800

(13 400–52 100)

(11 600–103 900)

(44 200–326 000)

(0–11 100)

Maternal GBS Disease

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, neurodevelopmental impairment.
a

Stillbirths indicated a minimum estimate of cases of fetal infection.

attributable to GBS according to each risk ratio (in 0.2 increments [1.0–2.8]) are given in Supplementary Table 4.
3. Estimate maternal and infant cases, infant deaths, and stillbirths 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 antibiotic prophylaxis worldwide in 2015. With worldwide application of a clinical risk factor–based approach (microbiological
S208 • CID 2017:65 (Suppl 2) • Seale et al

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 attendance that IAP administration would require). With worldwide maternal vaccination (and no IAP assumed), a maternal
GBS vaccine with 80% efficacy and 50% coverage would prevent 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

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.

(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 vaccine (Ia/Ib/II/III/V) would cover 96% of worldwide colonizing

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 3.

Countries With the Highest Estimated Numbers of Infant Group B Streptococcal Disease Cases and Deaths
Cases

Rank

Deaths

Country

Infant Cases

1

India

31 000

2

China

25 000

3

Nigeria

22 000

4

Democratic Republic of the Congo

16 000

5

Egypt

14 000

Rank

Country

Infant Deaths

1

India

13 000

2

Nigeria

8000

3

Ethiopia

4000

4

Democratic Republic of the Congo

4000

5

Pakistan

3000

(0–75 000)

(5000–23 000)

(0–59 000)

(2000–16 000)

(8000–39 000)

(2000–8000)

(8000–39 000)

(2000–7000)

(8000–21 000)

(1000–6000)

Data in parentheses represent the uncertainty range.

Table 4.

Stillbirth, Infant Deaths From Group B Streptococcal Disease and Resultant Disability Estimated in 2015

Region
Southern Asia
Eastern Asia
Central Asia
Western Asia
South-Eastern Asia
Asia
Oceania
Northern Africa
Southern Africa
Eastern Africa
Western Africa
Middle Africa
Africa
Caribbean
Central America
South America
Latin America
Developed countries
Total

Stillbirth

Early Infant Deaths

Late Infant Deaths

Disability

9700

19 600

400

1000

(1200–21 300)

(8500–34 400)

(0–2800)

(0–4500)

1300

3200

200

700

(0–2800)

(1100–5800)

(0–1600)

(0–2400)

200

400

0

100

(0–400)

(100–600)

(0–200)

(0–300)

800

2100

100

300

(0–1700)

(900–10 900)

(0–700)

(0–1100)

1500

5200

200

600

(0–3300)

(2100–8900)

(0–1400)

(0–2300)

13 400

30 400

900

2600

(1200–29 600)

(12 700–60 600)

(0–6600)

(0–10 600)

40

100

0

10

(0–90)

(60–200)

(0–30)

(0–40)

4000

6600

1800

1200

(1000–6700)

(3100–10 900)

(600–3600)

(600–2100)

800

1200

500

300

(200–1400)

(600–1900)

(100–900)

(200–500)

12 600

15 600

3100

2000

(3100–21 700)

(7500–26 800)

(1000–6400)

(1000–3600)

18 300

13 400

2800

1800

(4500–30 800)

(5000–24 500)

(800–6000)

(700–3300)

6300

7300

1900

1200

(1500–10 800)

(3100–12 600)

(600–3900)

(500–2400)

42 000

44 000

10 000

6400

(10 400–71 400)

(19 200–76 700)

(3100–20 800)

(3000–11 900)

100

900

100

100

(0–200)

(300–1600)

(0–400)

(60–400)

200

800

100

200

(0–500)

(100–2000)

(0–600)

(0–600)

600

1600

300

400

(0–1200)

(1400–3700)

(0–1400)

(60–1300)

900

3300

400

700

(0–2000)

(1900–7200)

(0–2400)

(100–2300)

500

500

200

700

(0–800)

(0–1300)

(0–700)

(0–1700)

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).
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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.

isolates, 86% of EOGBS disease, 93% of LOGBS disease, and
97% of maternal GBS disease. While there are a limited number 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 SouthEastern Asia (23%) (Supplementary Table 5).
DISCUSSION

GBS is established as a leading cause of infant disease, particularly in the first week after birth, as evidenced by our estimation
of 205 000 (UR, 101 000–327 000) neonates with EOGBS worldwide. Furthermore, there are a minimum 33 000 (UR, 13–52 000)
maternal GBS cases, 57 000 (UR, 12 000–104 000) fetal infections/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 syncytial 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 underestimation, 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 diagnostic testing, and lack of appropriate laboratory detection methods 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 maternal 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.
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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).

LOGBS, which more frequently is meningitis, may be differentially 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 monitored, 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 consistent with recent reports of high incidence of GBS disease
in facilities from Kenya and South Africa, where assessment
S212 • CID 2017:65 (Suppl 2) • Seale et al

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 stillbirth 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, suggesting 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 double. 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 differences 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 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.

Our estimates of maternal GBS disease, stillbirths, and infants
with invasive GBS disease presenting with neonatal encephalopathy 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 compartmental 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 noninvasive 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 attributable 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 nonbacteremic 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.
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Table 5. Maternal Group B Streptococcus Vaccines in Development With Data in the Public Domain
Phase
Vaccine Candidate

Manufacturer

Vaccine Construct

NA

Pfizer

Multivalent CPS conjugate

GBS vaccine

Novartis/GSK

Trivalent CPS (serotypes
Ia, IIb, III) conjugated to
CRM197, unadjuvanted

NA

GSK

Pentavalent (Ia, Ib, II, III, V)
CPS-CRM197

NA

GSK

Pilus proteins

NA

Biovac

Polyvalent CPS conjugate

GBS-NN vaccine/
MVX13211

Minervax

N-domains of Rib and
Alpha C surface proteins, unadjuvanted or
Alhydrogel-adjuvanted

Discovery

Preclinical

Phase 1

Phase 2

X

Program Status
Clinical program start in 2017 [55]

X

Completed safety and immunogenicity in pregnant women.
Study completed [27, 56–61]

X
X
X

Program start in 2017
X

Safety and immunogenicity in
nonpregnant women. Study
completed [26, 62, 63].

Abbreviations: CPS, capsular polysaccharide; GBS, group B Streptococcus; NA, not available.

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 postlicensure, 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 disease 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 clinical 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 pregnant women [17], but it is likely administered too late in the context of stillbirth [18]. In addition, IAP does not reduce maternal
colonization, so there is no reduction in infant exposure and colonization, 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 successfully 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 pregnant 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 vaccination could also reduce the unquantified burden from noninvasive

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)

Respiratory syncytial virus

Not applicable

27 300b (20 700–36 200) [64]

NA

Pertussis

NA

2700c,d [65]

NA

319 000 (119 000–417 000)

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.
a

Young infants (0–89 days).

b

Infants (0–6 months).

c

Neonates (0–27 days).

d
World 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].
e

Children <5 years of age but due to mother-to-child transmission.
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NDI risk in infant meningitis (EOGBS and
LOGBS)

Increased with lack of appropri- Reduced if samples not taken
ate assessment
from sickest infants

May decrease NDI if
Underdetection of NDI
more deaths, but may
increase if NDI not
detected, eg, through
premature death

Reduced with low
access to care but
likely less of effect
than for EOGBS

Case fatality risk in
LOGBS

Increased with lack of appropri- Reduced if samples not taken
ate assessment
from sickest infants

Model Data Input Used

NDI incidence at 18 months of age all
from developed countries, this likely
underestimates cases in the rest of
world

CFR not adjusted for LOGBS, this likely
underestimates death.

CFR adjusted to increase where access
to care reduced (lack of skilled birth
attendant).

Ratio may be higher where
Ratio from worldwide data, may be
blood culture detection
increased or decreased in either direcmore difficult than detection tion; no adjustment made
in CSF

Ratio may be higher where
Ratio from worldwide data, may be
blood culture detection
increased or decreased in either direcmore difficult than detection tion; no adjustment made
in cerebrospinal fluid

Will likely decrease EOGBS
Ratio from regional data due to differand LOGBS but less change ences in IAP policies and potential for
to ratio
true differences in EOGBS and LOGBS
disease incidence; no adjustments
made

EOGBS underestimated if lab- Risks based on IAP policy in counrtry and
oratory methods insensitive
estimated coverage

IAP policy applied nationally with estimated coverage

Maternal colonization prevalence
adjusted for swab sample site and
culture methods

Abbreviations: CFR, case fatality risk; CSF, cerebrospinal fluid; EOGBS, early-onset group B Streptococcus; GBS, group B Streptococcus; IAP, intrapartum antibiotic prophylaxis; LOGBS, late-onset group B Streptococcus; NDI, neurodevelopmental
impairment.

Step 4: Disability

Reduced with low
access to care

Ratio may be higher
Ratio may be lower with poor
Ratio may be lower due to
with lack of access to
quality of care and lack of
insufficient CSF sampling
care if CFR lower in
assessment if meningitis not
meningitis
recognized

Ratio of meningitis
to sepsis cases in
LOGBS

Case fatality risk in
EOGBS

Ratio may be higher
Ratio may be lower with poor
Ratio may be lower due to
with lack of access to
quality of care and lack of
insufficient CSF sampling
care, if CFR lower in
assessment if meningitis not
meningitis
recognized

Ratio of meningitis
to sepsis cases in
EOGBS

Step 3: Deaths

May appear lower with Will likely decrease EOGBS
lack of access to care
and LOGBS but less change
especially at the time
to ratio
of birth

Ratio of EOGBS to
LOGBS
Will likely decrease EOGBS
and LOGBS but less
change to ratio

EOGBS underestimated EOGBS underestimated if clini- EOGBS underestimated if
where care access
cal assessment limited
sampling limited
low

Risk of EOGBS

Intrapartum antibiotics could
be given inappropriately with
overuse or underuse

IAP only where care
accessed

Poor Quality of Laboratory
Methods to Support
Pathogen Detection

Sample-taking can reduce
Culture methods such as
maternal colonization eg,
broth enrichment increase
taking a high vaginal swab.
detection of GBS. Where
This was adjusted for in
these were not used, we
prevalence data included.
adjusted the prevalence
data included.

IAP policy

Lack of Access to Care

Step 2: Cases

Parameter

Infants exposed to
Maternal colonization
maternal GBS at birth
prevalence measured
[16]
in facilities: could
increase or decrease
prevalence dependent on risk factors
for maternal GBS
colonization

Failure to Take Appropriate
Samples due to Lack of
Protocols, Skilled Personnel,
or Supplies

Step 1 Colonization

Poor Quality of Care
and Lack of Clinical
Assessment

Care and Measurement Gap and Resultant Biases

Data Inputs Into the Compartmental Model by Step, Considering the Main Biases

Compartmental model

Table 7.

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–associated 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.

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 vaccine 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 considered GBS sepsis and meningitis as avertable causes of neonatal 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 burden 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 stillbirths, the absolute number is equal to a quarter of stillbirths
attributed to syphilis, for which there is already a screening program. An effective maternal GBS vaccine offers an all-encompassing approach to reducing GBS disease, and, as vaccination
strategies can achieve high coverage in even the most challenging settings, it is likely to be a more equitable intervention
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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).
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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Appendix: Multiple Regression Model for Maternal GBS Colonization Prevalence
Purpose: Multiple regression models are commonly used to estimate 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 prevalence 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 colonization 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
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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 undertaken to quantify the relationship between GBS maternal colonization 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 prevalenceij ) = a + b (LBWij ) + c Log (GINIij )
+ d (GNIij )+ e (SBAij )

+ f (UNregionij ) + u j + eij
b(), c(), d(), and e() represent functions each involving 2
parameters, f() indicates a 5 parameter function associated with 5 dummy variables representing different United

Nations regions, uj represents country-specific random effects,
assumed to be independent normally distributed with constant
variance, and eij represents individual data point-level residuals, assumed to be independent normally distributed with constant 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 scatterplot 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.
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