Clinical Infectious Diseases : -
V& hivma .
SUPPLEMENT ARTICLE f{’ﬁIDDSSAmm _ oxsor

Short- and Long-term Outcomes of Group B Streptococcus
Invasive Disease in Mozambican Children: Results of a
Matched Cohort and Retrospective Observational Study
and Implications for Future Vaccine Introduction

Justina Bramugy,"* Humberto Mucasse,"* Sergio Massora,' Pio Vitorino,’ Céline Aerts, Inacio Mandomando,'® Proma Paul,** Jaya Chandna,**
Farah Seedat,"® Joy E. Lawn,** Azucena Bardaji,"*" and Quique Bassat'?5"%"

'Centro de Investigacao em Satide de Manhica, Maputo, Mozambique; %ISGlobal, Hospital Clinic, Universitat de Barcelona, Barcelona, Spain; *Instituto Nacional de Satide, Ministério da Satde,
Maputo, Mozambique; ‘Department of Infectious Disease Epidemiology, London School of Hygiene and Tropical Medicine, London, United Kingdom; °Maternal, Adolescent, Reproductive and Child
Health Centre, London School of Hygiene and Tropical Medicine, London, United Kingdom; ®Instituci6 Catalana de Recerca i Estudis Avancats, Barcelona, Spain; ’Pediatrics Department, Hospital
Sant Joan de Déu, University of Barcelona, Barcelona, Spain; and *Consorcio de Investigacion Biomédica en Red de Epidemiologia y Salud Piblica, Madrid, Spain

Background.  Invasive group B Streptococcus disease (iGBS) in infancy, including meningitis or sepsis, carries a high risk
of mortality and neurodevelopmental impairment (NDI). We present data on iGBS from 2 decades of surveillance in Manbhica,
Mozambique, with a focus on NDI.

Methods. Morbidity surveillance databases in a rural Mozambican district hospital were screened for iGBS cases. From February
2020 to March 2021, surviving iGBS patients (n = 39) plus age- and sex-matched children without iGBS (n = 119) were assessed for
neurocognitive development, vision, and hearing. The role of GBS in stillbirths and infant deaths was investigated using minimally
invasive tissue sampling (MITS).

Results. Ninety iGBS cases were included, with most children being <3 months of age (85/90). The in-hospital case fatality rate was
14.4% (13/90), increasing to 17.8% (3 additional deaths) when considering mortality during the 6 months postdiagnosis. Fifty percent
of the iGBS exposed infants and 10% of those unexposed showed any NDI. Surviving GBS conferred a 11-fold increased adjusted odds
of moderate/severe NDI (odds ratio, 2.8 [95% confidence interval, .92-129.74]; P = .06) in children aged 0-5 years. For older children
(6-18 years), no differences in NDI were found between exposed and unexposed. Motor domain was the most affected among young
GBS survivors. Three stillbirths and 4 early neonatal deaths (of the 179 MITS performed) were attributed to iGBS.

Conclusions. In absence of preventive strategies, such as intrapartum antibiotics, iGBS remains a significant cause of perinatal
and infant disease and death. GBS also causes major longer-term neurodevelopmental sequelae, altogether justifying the need for
maternal GBS vaccination strategies to increase perinatal and infant survival.
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KEY FINDINGS

1. WHAT IS KNOWN AND WHAT IS NEW?
Whilst iGBS is known to be a major cause of child

microbiological surveillance data, focusing on NDI out-
comes from our site as part of a comparable multi-country
study of NDI after GBS.

2. WHAT DID WE DO AND WHAT DID WE FIND?

mortality in high income settings, population-based

surveillance data are lacking in low-income settings, es- GBS was a substantial cause of acute and short-term neo-

pecially for NDL We report on 2 decades of clinical and natal and infant mortality, and significant disability. Based
on data from 39 survivors of infant iGBS and 119 age and
sex matched children without iGBS, we found an 11-fold

higher risk of developing any NDI among cases (50%) as
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3. WHAT TO DO NOW IN PROGRAMMES?

These data support the need for Individual care for at
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risk survivors of iGBS, in addition to support to families.
Improved surveillance data and its use are essential to
demonstrate the hidden short- and long-term burden of
iGBS, particularly in LICs.
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4. WHAT NEXT IN RESEARCH?

Operationalising routine surveillance for iGBS as part of
population-based surveillance allows to establish the base-
line burden prior to future preventive interventions but
cannot be sustainable for GBS alone. Sentinel sites like
Manhiga are suitable for pre- and post-vaccine roll out im-
pact assessment. Use of MITS provides much more gran-
ular information on the role of GBS and other pathogens
in childhood mortality.

The first 2 decades of the 21st century are indisputably char-
acterized by a global health revolution that has led to mas-
sive improvements in health outcomes, particularly in terms
of child survival [1]. Indeed, worldwide, a new baby’s chance
of survival is now greater than at any time in our species’ his-
tory, and child mortality has become uncommon in many
industrialized regions. The number of child deaths is rapidly
decreasing worldwide, from >17 million annual deaths in the
1970s to around 5.2 million in 2019 [2]. Neonatal deaths, de-
fined as those occurring within the first 28 days of life, have
also decreased, but at a much slower pace than in older age
groups, thus representing an increasingly important propor-
tion of overall global child mortality (from ~40% in 1990 to
47% in 2019, for a total of 2.4 million deaths [3]). If we do not
address these differences in mortality rates, it will be more than
a century before a newborn from sub-Saharan Africa has the
same survival probability as one born in Europe [1, 4].

A substantial proportion of the approximately 6700 newborn
deaths that occur every day are a direct consequence of neo-
natal infections [5]. It has been estimated that every year, ap-
proximately 6.9 million new cases of suspected severe neonatal
infection occur in low- and middle-income countries (LMICs),
resulting in nearly 500 000 deaths globally [6]. Among these
infections, group B Streptococcus (GBS) [7, 8] stands as a major
pathogen linked to invasive GBS disease (iGBS) in young in-
fants, causing a significant burden estimated at 392 000 cases of
infant iGBS each year, and with a high associated case fatality
rate (CFR), resulting in approximately 147 000 stillbirths and
young-infant deaths annually [9] and substantial—yet insuffi-
ciently well characterized—disability among survivors.

Although GBS carriage rates vary substantially by region,
approximately 18% of pregnant women globally carry GBS in
their genitourinary tract [10], and this pathogen can easily be
vertically transmitted to the newborn. In high-income coun-
tries, screening programmes that detect carriage among preg-
nant women in the weeks before delivery can specifically target
those women who could benefit from intrapartum antibiotic
prophylaxis, known to decrease the risk of newborn disease by
approximately 20-fold. In the absence of such screening and
treatment strategies, approximately 1%-2% of newborns born

of a mother carrying GBS will develop severe and potentially
life-threatening disease [11, 12].

In spite of the growing body of evidence that supports a
greater incidence of iGBS in Africa, detailed data on GBS ma-
ternal carriage and associated infant disease (including longer-
term outcomes, such as neurodevelopmental impairment
[NDI]) remain scarce.

In Mozambique, a variety of studies conducted in the rural area
of Manhica have highlighted the importance of this pathogen, at
least in this particular setting. In a study conducted in the years
2014-2015, 21.3% of women recruited during their last term of
pregnancy were GBS carriers [13], with a predominance of sero-
types V (32.4%), Ia (14.7%), and III (10.3%). Importantly, GBS
isolates detected among pregnant women were fully susceptible
to penicillin and ampicillin, and approximately 70% of the women
tested had immunoglobulin G antibodies against GBS.

Regarding neonatal disease, a study compiling data from 2001
to 2015 described GBS as the leading cause of young-infant
(<3 months) invasive bacterial disease (IBD), with an incidence of
2.7 per 1000 live births and an associated CFR of 12.3% [14]. Of
note, while the incidence for other causes of IBD had decreased
throughout the years, that of GBS had remained stable. Worryingly,
the analysis of the GBS isolates causing infant disease for which mo-
lecular analyses were available showed that approximately 88% were
highly related serotype III isolates with well-established mutations
associated with reduced penicillin susceptibility [14].

Hereby, we present insights on iGBS from 2 decades of mor-
bidity, mortality, and microbiological surveillance conducted in
the town of Manhica, southern Mozambique. Comprehensive
estimation of the local and global GBS burden is useful to sup-
port policy decisions, implement available preventive strategies,
and foster the development of strategies that can become a game-
changer for such an important disease, such as, for instance, ma-
ternal GBS vaccines designed to protect infants [15, 16].

AIM AND OBJECTIVES

This is part of the series “Group B Streptococcal Disease Worldwide”
The aim of this article is to use the data collected in Mozambique as
part of the GBS LMIC long-term study to assess the short- and long-
term burden and characteristics of GBS perinatal infections.

Objectives

Our objectives are to (1) describe iGBS infant outcomes (onset
of disease <12 months); (2) analyze NDI outcomes among iGBS
survivors from Manbhica, southern Mozambique, compared to
age- and sex-matched children without iGBS from the same set-
ting; and (3) use our population-based surveillance data to de-
scribe iGBS disease during the past 2 decades, including cause
of death information derived from minimally invasive tissue
sampling (MITS) conducted in stillbirths, neonatal deaths
(<28 days), and infant deaths (<12 months).
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METHODS

Study Site and Surveillance System

This study is part of a multicountry age- and sex-matched cohort
study designed to estimate the risk of long-term NDI and other
outcomes in children exposed to iGBS, for which the protocol
has been published previously [17]. We present data on the com-
ponents conducted in Manhica, a semi-rural town in southern
Mozambique (Figure 1A). The Manhica Health Research Center
(CISM) has been running since the late 1990s as a Demographic
Surveillance System (DSS) in the area and a morbidity surveillance
system at the Manhiga District Hospital (MDH), across the street
(Figure 1B). A detailed description of MDH, CISM, and the study

area can be found elsewhere [18]. MDH is the referral hospital
for the Manhica district, covering a population of approximately
203 000 inhabitants. The MDH includes adult and pediatric wards,
together with a maternity ward where between 3500 and 4000 de-
liveries take place annually. It also includes an outpatient depart-
ment and an antenatal clinic where pregnant women are routinely
followed. As part of the national policy, all pregnant women are
invited to attend antenatal consultations during their pregnancy,
where human immunodeficiency virus (HIV) testing and other
screenings of infections and conditions are routinely offered, in ad-
dition to intermittent preventive treatment during pregnancy for
malaria prevention, a disease highly endemic in the area. Manhica
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Figure 1. A, Description of Mozambique study site. B, Chronogram of different surveillance platforms established by Manhica Health Research Center at the Mozambique
study site, with special attention to group B Streptococcus surveillance. Abbreviations: CISM, Manhica Health Research Center; DSS, Demographic Surveillance System;

GBS, group B Streptococcus; MITS, minimally invasive tissue sampling.
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district has one of the highest prevalences of HIV in the world, with
HIV prevalence estimates as detected during antenatal consult-
ations peaking at around 37% [13]. No strategy to screen for GBS
carriage among pregnant women, or to prevent neonatal sepsis, is
currently implemented in Mozambique.

The morbidity surveillance system has systematically col-
lected clinical data in all children <15 years of age since its
inception in 1998. A standardized admission questionnaire is
completed for all pediatric admissions. Beyond this, and as part
of the microbiology surveillance in place since the year 2000, a
single venous blood culture is performed routinely for all ad-
mitted children <2 years of age (and for older children with
hyperpyrexia or suspicion of sepsis). Upon discharge or death, a
physician revises the clinical history and records the final diag-
noses, using the coding system proposed by the International
Classification of Diseases, Tenth Revision.

CISM’s databases from the DSS and the morbidity and mi-
crobiology surveillance were combined to allow a comprehen-
sive evaluation of iGBS among sick children in the district.

MITS for GBS-Related Mortality Surveillance

Since December 2016, Manhica conducts MITS to eligible still-
births and child deaths occurring within the district, as part
of the Child Health and Mortality Prevention Surveillance
(CHAMPS) project (https://champshealth.org/). MITS is a
simplified postmortem protocolized approach to investigate
cause of death, validated to substitute the complete diagnostic
autopsy in all age groups (including stillbirths, neonates [19],
and older children [20]). MITS includes the targeted collection
of bodily fluids (blood, cerebrospinal fluid [CSF]) and tissues
from key organs (liver, lungs, brain, etc) which are then sub-
ject to a thorough microbiological screening (using cultures
and TagMan Array Cards targeting >100 pathogens) and histo-
pathological assessment. Once all results are available, a panel
of local experts determines whether GBS was involved in the
causal chain leading to each stillbirth or child death [21].

Case Definitions for Included Children With iGBS and Nonexposed
Children

This analysis focuses on infant iGBS (ie, <12 months of age at
the moment of iGBS diagnosis), but also presents some GBS
data linked to stillbirths, defined as any baby delivered with
no signs of life after 28 weeks of gestation. Microbiologically
confirmed iGBS was defined as a positive blood or CSF cul-
ture from any infant admitted to MDH. Early-onset disease
was defined as IBD in children aged <7 days, and late-onset
disease as IBD in children aged 7-89 days. We also included a
group of older infants, spanning from 90 days to <12 months
of age. Syndromes associated to iGBS included sepsis (if blood
culture was positive) and meningitis (if CSF culture was posi-
tive), but cases with both sepsis and meningitis also occurred.
Nonexposed children without GBS were recruited using the

DSS databases, after randomly age- and sex-matching healthy
children from the community to the identified iGBS cases. We
defined as in-hospital deaths all deaths occurring during the
admission and derive CFR estimates from these data. Moreover,
using DSS data, we were able to evaluate postdischarge short-,
mid- and longer-term mortality in iGBS survivors.

NDI Assessments

As part of the larger study, we were able to recruit iGBS sur-
vivors and assess their neurodevelopment, with the study’s pri-
mary endpoint being any NDI. Using a matched cohort study
design, we collected data on NDI. Children with no history of
iGBS (henceforth, non-iGBS comparison group) were identi-
fied from the site’s DSS databases and matched to iGBS sur-
vivors (ratio 3:1) based on sex and age. Children without GBS
were recruited for the study only after parents provided written
informed consent.

An age-specific neurodevelopmental assessment tool, the
Malawi Developmental Assessment Tool (MDAT), was used
to comprehensively assess development (motor, language, so-
cial, and cognition) in children 0-5 years of age. The Cambridge
Neuropsychological Test Automated Battery (CANTAB) was used
to assess cognitive development in children aged 6-18 years, and
an epilepsy screening questionnaire was utilized (Supplementary
Table 1 summarizes all tests used in Mozambique according to
age group). Anthropometric measures were also recorded during
the visit. A tablet-based, custom-designed application was used to
capture data through direct assessment of the child and interviews
with the main caregiver, and experienced assessors, clinical psych-
ologists, and clinicians administered the neurodevelopmental
assessments. Hearing and vision were first clinically assessed; sus-
pected impairment was referred for specialized clinical manage-
ment. NDI outcomes were coded and graded by severity (mild if
1-2 standard deviations [SD] below the standardized mean, mod-
erate if 2-3 SD, and severe if >3 SD) where normative populations
were available, as described in the published protocol [22]. For the
CANTAB, normative populations for children were only available
for spatial working memory and spatial span tests [23]. Assessors
were blinded to the iGBS history of the children while conducting
their evaluation.

Statistical Analysis

Statistical analyses were done with Stata version 15.2 soft-
ware (StataCorp, College Station, Texas). For the retrospec-
tive analysis, study variables were counted and summarized
in frequency tables. Means with corresponding SD, or me-
dians and interquartile ranges, are presented for normally
or nonnormally distributed variables, respectively. For the
NDI component, baseline characteristics were compared
between the iGBS survivors and non-iGBS cohort using
X or Fisher exact test for categorical variables and differ-
ence of means for continuous variables. Linear regression
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was used to estimate adjusted mean differences in MDAT
subscales (ages 0-5 years) and CANTAB tests (6-18 years),
accounting for the matching variables age and sex. The risk
of neurodevelopmental outcomes (moderate/severe, any
NDI) was quantified for the iGBS survivors and non-iGBS
cohorts, stratified by age bands (0-5 years, 6-18 years).
Logistical regression adjusting matching variables estimated
the association of NDI outcomes. A probability of < .05 was
considered statistically significant.

Ethical Considerations

For the field data collection in LMICs, the overarching pro-
tocol for the observational study was granted ethical approval
at the London School of Hygiene and Tropical Medicine
(approval number 16246). The institutional review board
in Mozambique reviewed and approved the protocol and
data analysis (reference number 98/CNBS/2019). Data from
CHAMPS were collected and shared under the Mozambican
Ethics Committee’s approval (reference numbers 285/
CNBS/16 and 484/CNBS/18).

RESULTS

GBS in Manhica Infants, 2000-2020

During the 2 decades spanning from 1 January 2000 to 31
December 2019, 60659 children aged <15 years were admitted
to MDH, of whom 21208 (34.9%) were infants, including 2006
(9.5%) aged <7 days; 4576 (21.6%) aged 7 to <90 days, and 14626

(69.0%) aged 3 to <12 months. A total of 90 infants (0.42% of all in-
fants) were confirmed as iGBS cases, with 29 cases occurring in the
first 7 days of life, 56 in the period 7 to <90 days, and 5 additional
cases in children aged 3 to <12 months. Of those, 65 (72.2%) were
characterized as sepsis only, 8 (8.9%) as meningitis only, and 17
(18.9%) as both sepsis and meningitis. Meningitis as a syndrome
was more commonly, but not exclusively, found in the age group
7 to <90 days, similar to dual infections (sepsis plus meningitis).

Of the 90 iGBS cases, there were 13 in-hospital deaths, yielding
a CFR of 14.4%, significantly higher than the CFR for all other ad-
mitted infants (1054/21118 [5.0%]; P <.0001). Three additional
deaths were identified through the DSS among these 77 survivors
of iGBS, one occurring 24 hours after hospital discharge, one 48
hours after discharge, and one 147 days after the iGBS episode.
The extended CFR (including deaths occurring within 6 months
postdischarge) was 17.8% (16/90). Table 1 summarizes some charac-
teristics of the iGBS cases, according to age at detection.

Neurodevelopmental Issues Detected Among GBS Survivors

During the period February 2020 to March 2021, we attempted
to contact and recruit 67 iGBS survivors and 151 age- and sex-
matched children without iGBS. Thirty-nine iGBS survivors
were finally recruited and followed up to assess long-term out-
comes, and their results were compared to those of 119 age- and
sex-matched children without iGBS (Figure 2). Baseline charac-
teristics between the iGBS survivors and non-GBS cohorts were
similar, except for birthweight (P <.001) and highest educa-
tional attainment for main caregiver (P < .001) (Supplementary

Table 1. Characteristics of Infant Invasive Group B Streptococcus Infections, According to Age Group
EOD GBS GBS LOD OlderInfant GBS Disease Total iGBS Infants
Characteristic (Age <7 d) (Age 7 to <90 d) (Age 3 to <12 mo) (Age <365 d)
Sex, female 10/29 (34.5) 29/56 (51.8) 1/5 (20.0) 40/90 (44.4)
Age, d, median (IQR) 1(0-2) 13 (8-17) 224 (181-230) 8.5 (4-16)
Clinical characteristics
Respiratory distress 15/28 (563.6) 17/56 (30.4) 1/5/20.0) 33/89 (37.1)
Unable to feed 12/29 (41.4) 17/56 (30.4) 1/5 (20.0) 30/90 (33.3)
Cough 3/29 (10.3) 23/56 (41.1) 5/5 (100) 31/90 (34.4)
Fever (>375°C) 17/29 (58.6) 48/56 (85.7) 5/5 (100) 70/90 (77.8)
Diarrhea 1/29 (3.5) 3/56 (5.4) 2/5 (40.0) 6/90 (6.7)
Vomiting 1/29 (3.5) 5/56 (8.9) 1/5 (20.0) 7/90 (7.8)
Convulsions 4/29 (13.8) 6/55 (10.9) 0/5 (0) 10/90 (11.2)
Bulging fontanelle 1/29 (3.5) 6/56 (10.7) 0/5 (0) 7/90 7.8)
Clinical syndrome
Only meningitis 2/29 (6.9) 6/56 (10.7) 0/5 (0) 8/90 (8.9)
Only sepsis 22/29 (75.9) 38/56 (67.9) 5/5 (100) 65/90 (72.2)
Both 5/29 (17.2) 12/56/21.4) 0/5 (0) 17/90 (18.9)
Duration of admission, days, median 4 (2-6) 6.5 (4-9) 7 (4-9) 6 (3-8)
(IQR)
In-hospital mortality 7/29 (24.4) 5/56 (8.9) 3/5 (60.0) 13/90 (14.4)
Delayed mortality 0/29 (0) 2/56 (3.6) 1/5 (20.0) 3/90 (3.3)

Data are presented as no./No. (%) unless otherwise indicated.

Abbreviations: EOD, early-onset disease; GBS, group B Streptococcus; iGBS, invasive group B Streptococcus disease; IQR, interquartile range; LOD, late-onset disease.

S18 « CID 2022:74 (Suppl1) o Bramugy et al


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab793#supplementary-data

Table 2). MDAT and CANTAB were administered to 10 and 29
iGBS survivors, respectively. Moderate and/or severe impair-
ment was identified in 40% (4/10) and 4% (1/29) of children
0-5 years old and >5 years old, respectively (Table 2). After
adjusting for matching variables, iGBS was associated with a
10.9 (95% confidence interval [CI], .92-129.74) increased odds
of moderate and/or severe NDI compared to the comparison
group, although differences did not reach statistical significance
(P =.058) in 0- to 5-year-olds. No moderate and/or severe NDI
was measured using the CANTAB, irrespective of iGBS history.
Mild NDI was identified among 1 of 10 (10.0%) and 2 of 29
(8.7%) iGBS survivors aged 0-5 years and 6-18 years, respec-
tively (Table 2). The odds of any NDI in children 0-5 years old
with history of iGBS was 8.41 (95% CI, 1.47-47.98); there was
no association of any NDI and iGBS history in older children
(odds ratio, 0.63 [95% CI, .21-1.86]). Moderate and/or severe
NDI was detected in 4 of 15 (26.7%) and 1 of 22 (4.5%) of iGBS-
meningitis and iGBS-sepsis survivors, respectively. iGBS chil-
dren with cognitive impairment also had motor impairment

on the MDAT. There were no behavioral problems identified

in either the iGBS survivors or non-GBS cohorts. Two iGBS
survivors were identified with severe hearing problems and one
iGBS survivor was identified with severe hearing and mild vi-
sion problems based on clinical determination.

Children aged 0-5 years with a history of iGBS passed
12 fewer items on the MDAT compared to the non-GBS co-
hort, although this was statistically not significant (P = .46)
(Supplementary Table 3). Exposed children seemed to show a
trend toward worse performances in the gross and fine motor
and language domains compared to the unexposed children,
but this did not reach statistical significance. Among the chil-
dren with no impairment, the same tendency was observed.
Notably, there was a significant difference between mean gross
motor score between iGBS-exposed children and non-GBS
children (mean difference, 5.0 [95% CI, -8.6 to —1.4]; P = .01)
(Supplementary Table 3). There was no difference in perfor-
mance in the social domain between the 2 cohorts.

iGBS children who completed the CANTAB generally per-
formed similarly to the comparison cohort, except for one test.
In the test for sustained attention (rapid visual information
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Figure 2.

Participant flow diagram. Of 67 invasive group B Streptococcus survivors contacted, 39 consented for participation and completed the assessment. Of 151 matched

unexposed children contacted for participation, 121 children consented and completed neurodevelopmental, vision, and hearing assessments. Abbreviations: CANTAB,
Cambridge Neuropsychological Test Automated Battery; GBS, group B Streptococcus; iGBS, invasive group B Streptococcus, MDAT, Malawi Developmental Assessment Tool.
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Table 2. Severity of Impairment in Invasive Group B Streptococcus (GBS) Survivors Versus Age- and Sex-Matched Non-GBS Controls

iGBS Meningitis iGBS Sepsis iGBS Survivors Non-GBS Cohort
Age Group and Level of Impairment (n=6) (n=4) (n=10) (n=231)
0-5 years
Overall NDI
Moderate/severe 3(50.0) 1(25.0 4 (40.0) 1(3.4)
Mild 1(16.7) 0(0.0) 1(10.0) 2(6.9)
Motor
Moderate/severe 2 (28.6) 1(25.0) 3(272) 3(9.1)
Mild 1(14.3) 0(0.0) 1(9.1) 1(3.0
Cognition
Moderate/severe 2 (33.3) 1(25.0) 3(272) 3(9.1)
Mild 1(16.7) 0(0.0) 1(9.1) 1(3.0
Any behavioral problems 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Multidomain impairment 4 (66.7) 1(25.0) 5 (50.0) 3(9.7)
iGBS Meningitis iGBS Sepsis iGBS Survivors Non-GBS Cohort
(n=11) (n=18) (n=29) (n=88)
6-18 years®
Overall NDI
Moderate/severe 1(11.1) 0(0.0) 1(4.3) 5 (6.0)
Mild 1(11.1) 1(7.1) 2(8.7) 14 (16.9)
Cognition
Moderate/severe 0(0.0) 0(0.0) 0(0.0) 5 (6.0)
Mild 1(10.0) 2 (11.8) 3 (11.1) 14 (16.9)
Any behavioral problems 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Multidomain impairment 1(9.1) 0(0.0) 1(3.4) 5(56.7)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: GBS, group B Streptococcus; iGBS, invasive group B Streptococcus disease; NDI, neurodevelopmental impairment.
“Motor impairment severity could not be estimated in 6- to 18-yearolds because standard reference populations were not available. Overall NDI was based on 2 Cambridge Neuropsychological

Test Automated Battery cognitive tests, hearing, and vision.

processing) the GBS cohort had a slower response time com-
pared to the non-GBS group (Supplementary Table 4).

Postmortem Surveillance of GBS as a Cause of Death

During the period 9 December 2016 through 25 May 2020, 222
MITS were conducted in stillbirths or children under the age of
5 having died in Manhiga. Eighty percent (179/222) of all MITS
conducted corresponded to stillbirths and infants, including 75
stillbirths (33.8%); 61 newborns in their first day of life (27.5%),
18 newborns aged 1 to <7 days (8.1%); 6 newborns aged
7-28 days (2.7%); and 19 postneonatal infants (8.6%). Among
these, GBS was detected as part of the multiple microbiology
and/or immunohistochemical tests in 9 cases (4.1%), but was
only deemed to play a role in the causal chain leading to death
in 7 cases (3.2%) (Table 3). Cases were detected in 3 of 75 (4.0%)
of the stillbirths, 3 of 61 (4.9%) of newborns in their first day of
life, and 1 of 18 (5.5%) of the children 1 to <7 days old. These
7 deaths occurred at the hospital and affected children at term
and with adequate birthweight, except for one case of unknown
gestational age but with birthweight of 2000 g. Of note, GBS
disease causing stillbirths or neonatal deaths was not related
to other coinfecting pathogens, nor other clear comorbidities,
and in all but one case, GBS was considered the sole cause in
the chain of events leading to death. In all but one of the cases,

strong evidence of chorioamnionitis or funisitis was present.
For all cases, GBS was detected in the lung tissues, either by
molecular methods or in the immunohistochemistry. All cases
had at least 2 tissues/bodily fluids where GBS could be detected.

DISCUSSION

This analysis, presenting a variety of data related to iGBS disease
(including long-term outcomes) and death as detected during
a 20-year period in the rural district of Manhiga, southern
Mozambique, confirms the high burden posed by GBS in early
infancy, both as a cause of acute morbidity and mortality, but
also importantly, as a cause of longer-term neurodevelopmental
sequelae. Importantly, and as opposed to other pathogens typ-
ical of the neonatal period and early infancy, whose burden and
impact seem to have decreased throughout the years, no major
changes have occurred for iGBS, the incidence of which has
remained relatively constant during the last 20 years (data not
shown) [14]. Although total numbers may appear relatively low
(n =90 cases of iGBS, out of a total of 21208 infants admitted
to hospital), it is important to consider that our case defini-
tion of iGBS required the microbiological confirmation of this
pathogen in either blood or CSE and that the yield of single
low-volume blood cultures may be suboptimal despite this
test having been conducted systematically among all admitted
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infants. The overall proportion among infants (0.4%) is also
falsely reassuring, given that iGBS was rare beyond the age of
3 months. Thus, our estimates are surely a severe underesti-
mation of the true burden, but allow us to infer that this path-
ogen, for which no specific preventive measures are currently
in place in Mozambique, plays a significant role in threatening
the health of the youngest. Our postmortem data reinforce
this hypothesis, given that around 1 of 20 of the stillbirths and
early neonatal deaths studied could be attributed specifically
and solely to this pathogen. Given that our morbidity surveil-
lance can only document information regarding sick children
attending the hospital, it is important to highlight the role of
mortality surveillance through postmortem investigations,
which can provide additional and actionable information on
the role of GBS, including much-needed visibility on cause of
death among stillbirths, an area traditionally neglected and for
which data scarcity is disheartening [24].

Our data also confirm the significant long-term burden (in-
cluding postdischarge mortality) of GBS disease. The specific
assessment of neurodevelopmental problems following sur-
vival of iGBS, when compared to control children, confirms
the highest odds of developing NDI in children 0-5 years of
age [25]. Surprisingly, there was so difference in odds of im-
pairment between the 2 groups of children aged 6-18 years. It
may be that impairments that are identified at earlier ages may
resolve by school age. Alternatively, the lack of standardized
populations for some of the motor and cognitive tests may have
limited our ability to appropriately classify impairment severity;
however, the mean scores of the test were not statistically dif-
ferent between the 2 groups. Additionally, motor sequelae were
also often associated to cognitive impairment. Given that most
of the severe impairment cases detected in Manhica correspond
to children for whom GBS meningitis was detected, our find-
ings confirm the importance of including support to and af-
tercare of bacterial meningitis survivors, not only to improve
GBS long-term outcomes, but also as one of the pillars of the
Defeating Meningitis Roadmap [26].

Our study has strengths but is also affected by a variety of
limitations. Strengths include the long-term surveillance (in-
cluding postmortem), population-based capture, and efforts
to increase multicountry comparability of the NDI data, which
is a challenge in all such studies, especially for older ages (see
the articles by John et al and Harden et al in this supplement).
The study includes a variety of limitations, such as, for instance,
our inability to control for other potential confounders, specif-
ically gestational age at birth. Changes in our surveillance over
time with alterations in datasets affecting comparability over
time may also have affected our results. Although morbidity
and microbiological surveillance have occurred uninterrupt-
edly during these 2 decades, efforts have differed, for example,
in terms of conducting lumbar punctures among newborns
with suspected IBD, or in terms of the contamination rates

of blood cultures experienced throughout the years, which
could have hampered our real capacity to detect true path-
ogenic microorganisms. However, despite this potential for
underreporting, underdetection, or misdiagnosis, the fact that
we were able to comprehensively assess 20 consecutive years
of infant admissions is commendable, together with our ca-
pacity to link postdischarge outcomes using the DSS databases
or tracking survivors to evaluate how GBS may have hampered
their normal development. Interestingly, while the different
tests utilized were able to pinpoint cases that were moderate
and/or where severe neurodevelopmental issues had occurred,
these same tests failed to detect milder issues. Although it is
possible that the team of psychologists performing those tests
may have encountered particular difficulties when delivering
them, it is also conceivable that such tests may have been cul-
turally inappropriate or underperforming in this setting. For
the CANTAB, in particular, there were only norms available for
2 of the 5 cognitive tests and no motor tests, which may result
in underestimating impairment. Further evaluation of these
and other similar tests may help understand these puzzling re-
sults. In addition, we were only able to screen for severe hearing
and visual problems and therefore unable to quantify mild-to-
moderate outcomes. Although we were only able to include 39
iGBS cases out of the original 67 iGBS survivors detected, we do
not feel that there were any biases between those cases included
and those not included.

These data highlight the need for programmes to establish
adequate follow-up of iGBS survivors, both in the short term
but also the long term, in order to prevent and monitor the po-
tential emergence of NDI. Additionally, programmes need also
to support families who will have to bear the longer-term con-
sequences of this early-life infection. From a health systems per-
spective, operationalizing routine surveillance for iGBS as part
of population-based surveillance allows to establish the baseline
burden prior to future preventive interventions but cannot be
sustainable for GBS alone. Sentinel sites like Manhica are suit-
able for pre- and postvaccine rollout impact assessment.

CONCLUSIONS

Our long-standing surveillance platforms in Manhiga district
have highlighted the major burden and impact of GBS as a path-
ogen, and the perils this particular bacterium poses for fetal and
child survival. Indeed, iGBS remains an important cause of mor-
tality and long-term sequelae among survivors. In the absence
of preventive strategies based on screening and treating pregnant
women, which are extremely challenging to implement in a typ-
ical rural African setting, a maternal vaccination strategy could
become the game-changer that this disease requires. While we
accelerate progress for vaccines, we also need to advance routine
data surveillance to be able to track the impact of future vaccine
introductions.
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