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Background Data are limited regarding long-term consequences of invasive GBS (iGBS) disease in early infancy,
especially from low- and middle-income countries (LMIC) where most cases occur. We aimed to estimate risk of
neurodevelopmental impairment (NDI) in children with a history of iGBS disease.

Methods A multi-country matched cohort study was undertaken in South Africa, India, Mozambique, Kenya, and
Argentina from October 2019 to April 2021. The exposure of interest was defined as a history of iGBS disease (sepsis
or meningitis) before 90 days of age, amongst children now aged 1¢5−18 years. Age and sex-matched, children with-
out history of GBS were also recruited. Age-appropriate, culturally-adapted assessments were used to define NDI
across multiple domains (cognitive, motor, hearing, vision, emotional-behaviour, growth). Pooled NDI risk was
meta-analysed across sites. Association of iGBS exposure and NDI outcome was estimated using modified Poisson
regression with robust variance estimator.

Findings Amongst 138 iGBS survivors and 390 non-iGBS children, 38¢1% (95% confidence interval [CI]: 30¢0% −
46¢6%) of iGBS children had any NDI, compared to 21¢7% (95% CI: 17¢7% - 26¢0%) of non- iGBS children, with
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notable between-site heterogeneity. Risk of moderate/severe NDI was 15¢0% (95% CI: 3¢4% - 30¢8%) among GBS-
meningitis, 5¢6% (95% CI: 1¢5% - 13¢7%) for GBS-sepsis survivors. The adjusted risk ratio (aRR) for moderate/severe
NDI among iGBS survivors was 1.27 (95% CI: 0.65, 2.45), when compared to non-GBS children. Mild impairment
was more frequent in iGBS (27.6% (95% CI: 20.3 − 35.5%)) compared to non-GBS children (12.9% (95% CI: 9.7% -
16.4%)). The risk of emotional-behavioural problems was similar irrespective of iGBS exposure (aRR=0.98 (95% CI:
0.55, 1.77)).

Interpretation Our findings suggest that iGBS disease is on average associated with a higher risk of moderate/
severe NDI, however substantial variation in risk was observed between sites and data are consistent with a wide
range of values. Our study underlines the importance of long-term follow-up for at-risk neonates and more feasible,
standardised assessments to facilitate diagnosis in research and clinical practice.

Funding This work was supported by a grant (INV-009018) from the Bill & Melinda Gates Foundation to the Lon-
don School of Hygiene &Tropical Medicine.

Copyright � 2022 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/)
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Research in context

Evidence before this study

Group B Streptococcus (GBS) sepsis and meningitis are
important causes of mortality in neonates and young
infants, with data gaps regarding long-term outcomes. A
systematic review of neurodevelopmental impairment
(NDI) risk among invasive GBS (iGBS) survivors found 18
studies assessing moderate and/or severe NDI outcomes
after iGBS-meningitis in children, with assessments per-
formed primarily before the age of 2 years. Three impor-
tant data gaps were highlighted: (1) outcomes after iGBS-
sepsis; (2) risk of milder outcomes, which often become
more apparent later in childhood; (3) geographic represen-
tativeness of data, with data gaps especially in low or mid-
dle-income countries (LMIC), where the majority of iGBS
cases occur. Furthermore, few studies involved a compari-
son group, limiting ability to quantify an association (i.e.,
relative risk or odds ratio). A large registry-based cohort
study from Denmark and the Netherlands, published in
2021, quantified NDI risk after iGBS, including milder out-
comes, and reported a two-fold increase in risk of moder-
ate or severe NDI by 10 years of age. A Pubmed search,
with search terms similar to the previous systematic review
related to “Streptococcus agalactiae [MesH]”, “group B
streptococcus”, and “disability”, “impairment”, with no
restrictions for date (until 2021) and language, did not
identify any additional published studies on NDI in children
with history of iGBS and still no studies from LMICs were
found.

Added value of this study

Our study addresses these priority data gaps identified,
being a multi-country study in LMICs (South Africa,
India, Mozambique, Kenya, and Argentina) to quantify
severity of NDI risk in iGBS survivors, including after sep-
sis, beyond early childhood (median age 6 years old).
Children without history of iGBS, matched on age and
sex to iGBS children, were recruited in each site.
Amongst 138 children with a history of iGBS, there was
an increased risk of moderate/severe NDI, compared
with 390 children with no history of iGBS, although esti-
mates showed between-country heterogeneity.

Implications of all the available evidence

We found that NDI was frequent after iGBS, consistent
with previous studies on GBS-meningitis and providing
novel findings that GBS-sepsis survivors also have sub-
stantial NDI. Since sepsis is the most common iGBS dis-
ease clinical presentation, this has important
implications for disease burden estimates and cost-
effectiveness analyses. To inform both individual clinical
care and public health planning, standardised develop-
mental assessment tests are needed which are more
feasible, adaptable to context, and freely accessible. Bet-
ter detection also needs to link to better healthcare and
education for these children, plus support for their fami-
lies, requiring context-specific implementation research.
Introduction
Achieving the developmental and educational potential
for every child is the ambition of every family, founda-
tional for promoting human capital growth in every
country, and is reflected in the Sustainable Develop-
ment Goals (SDGs) and other United Nations frame-
works with the mantra survive and thrive.1-4 However,
www.thelancet.com Vol 47 Month May, 2022
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the lack of standardised multi-country data impedes
tracking of related targets: for example, global estimates
of sub-optimal early child development (ECD) often use
childhood stunting as a surrogate.5 Accurate measure-
ment of neurodevelopmental impairments (NDI) is cru-
cial to strengthening quantification of burden of disease
(e.g., to inform disability adjusted life years (DALYs6))
and cost-effectiveness, such as included in the Full
Value of Vaccine Analyses.7

Long-term sequelae after severe infections in the first
weeks of life are a preventable cause of NDI. Invasive
Group B Streptococcus (iGBS) infections in early infancy
leading to neonatal and infant mortality are well docu-
mented, 8 but the risk of NDI in children after iGBS dis-
ease has been under studied. A recent meta-analysis
reported 18% of iGBS-meningitis survivors had moder-
ate/severe NDI at a median age of 18 months,9 and too
few studies on NDI after iGBS-sepsis were identified to
be meta-analysed.9 Only a handful of studies reported
on outcomes in children older than 2 years old. Relevant
domains such as hearing and vision were not reported
for most studies nor were milder impairment outcomes
(e.g., emotional-behavioral, mild cognition), which are
more accurately detected later in childhood.9 Whilst
recent data from a large registry-based cohort study in
Denmark and the Netherlands provided more compre-
hensive quantification of the risk compared to the previ-
ous studies,10 a major data gap remains for low- and
middle-income countries (LMIC), where the majority of
the iGBS disease cases occur. In the previous meta-anal-
ysis, only three of the 18 studies were from middle-
income countries and none were from low-income
countries.9 Additionally, comparator groups were often
missing, but are needed to understand causality of
iGBS on NDI outcomes.

We designed a multi-country matched cohort study
to address this priority gap of LMIC data on NDI after
iGBS. In this paper, we focus on the objective to esti-
mate the risk of NDI; the other objectives of the study
have been published (e.g. acute costs of care11) or will be
reported separately (e.g, long term economic out-
comes).12 Here, our focus is to (1) describe the risk of
moderate/severe and mild NDI among iGBS survivors
by site (South Africa,13 Mozambique,14 India,15 com-
bined with Kenya, Argentina), syndrome (meningitis,
sepsis) and age; (2) estimate risk of multi-domain NDI
and emotional-behavioural problems after iGBS expo-
sure; (3) quantify domain-specific NDI and growth out-
comes.
Methods

Study design and participants
Details regarding the research protocol and methods
have been published separately.12 In summary, five sites
were identified in three regions with high burden of
www.thelancet.com Vol 47 Month May, 2022
GBS through a call for data request in 2018 (for more
information see 12): sub-Saharan Africa (Kenya,
Mozambique, South Africa), Asia (India), and Latin
America (Argentina) (Figure 1). We used a matched
cohort design; children with a history of invasive GBS
(iGBS) disease, either GBS-sepsis or GBS-meningitis,
in the first 90 days after birth, and who were at least 18
months old at time of recruitment were eligible for the
study. Children were recruited from October 2019 to
April 2021. Case definition for iGBS, inclusion and
exclusion criteria, and expected number of iGBS survi-
vors for each of the sites are given in Supplemental Table
S1. iGBS children were identified via hospital records
(Argentina, India, South Africa, Kenya), or via a micro-
biological surveillance system (Mozambique). iGBS sur-
vivors were grouped by clinical syndrome: sepsis or
meningitis. A comparison cohort of children with no
history of iGBS disease was identified in each site via
hospital-birth registries (Argentina, India, South Africa)
or a Health and Demographic Surveillance System
(Kenya, Mozambique) and matched on birth month and
year (18 months − 18 years old) and sex. We aimed to
assess NDI outcomes in 200 iGBS survivors, based on
the maximum number of cases expected to be identified
across all 5 sites, and 600 non-GBS children (using a
matching ratio of 3:1); assuming 26% moderate/severe
NDI among iGBS survivors and 10% in the non-iGBS
comparison group, this gives more than 90% power at
a 5% significance level to detect a difference using a
two-sided test of binomial proportions.12

Written informed consent was obtained from
parents/guardians before or at the in-person assessment
visit. Assent, in addition to consent, was obtained from
children based on local guidelines.

At a face-to-face appointment, the parent/guardian
was asked to complete a demographic, health, and eco-
nomic questionnaire (Supplemental methods SM1).
Anthropometric measurements were performed. Age-
specific neurodevelopmental assessment tools were
administered to each child to assess NDIs (Table 1).
Data were collected on paper forms or using a custom-
ized app. The customized Android tablet-based app was
developed in collaboration with International Centre for
Diarrhoeal Disease Research, Bangladesh (icddr,b,), and
included questionnaires and neurodevelopment assess-
ment tools, translated into local language where rele-
vant (Supplemental methods SM2).12

Each site used various neurodevelopmental assess-
ments, with 26 tools in total across the 5 study sites.
Each site selected assessment tools for their setting
based on child’s age, cultural appropriateness, valida-
tion of instrument for their population, and technical
capacity. We developed a matrix by age bands (<5 years,
5-9 years, ≥10 years) and domain or item to allow com-
bining of the various NDI outcomes (Table 1). Cognitive
and motor scores were normalised using standard refer-
ence population, by assessment and site, to set
3



Figure 1. Map of multi-country iGBS long-term follow-up studies: South Africa, Mozambique, Kenya, Argentina.
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Age band Motor Cognition Vision Hearing Emotional-
behavioural

South Africa 5-9 GMDS-ER − composite locomotor &

hand-eye coordination scales

GMDS-ER − composite hearing & lan-

guage, eye-hand coordination, perfor-

mance, reasoning scales

Tumbling E OAE screening + clinical

determination

Pre-school CBCL (<6) −

total problem score

School age CBCL (6 −

18) − total problem

score

Mozambique <5 MDAT − gross motor scale* MDAT − fine motor-cognitive scale* Clinician

screening + Peek

acuity app

Clinician

screening + clinical

determination

(severe only)

5-9 No motor for ≥6 from CANTAB as refer-

ence populations not available

CANTAB composite of spatial span and

working memory
10+

India <5 BSID −motor scale**

BOT short form**

BSID − composite language

& cognitive scales**

WPPSI**

Visual

screening + clinical

determination

Hearing

screening + clinical

determination

5-9 BOT short form WPPSI − IQ score

WISC5 −IQ score

Tumbling E

10+ WISC 5 − IQ score

Kenya <5 KDI −motor scale KDI − eye-hand coordination scale LEA Symbols ABR

5-9 composite score of Bead threading & ball

balance

RCM full scale Tumbling E

10+

Argentina <5 Clinical assessment of motor WPPSI − IQ score Tumbling E Hearing

screening + clinical

determination
5-9 WPPSI − IQ score

WISC 4−IQ score

10+ WISC 4 − IQ score

Table 1: NDI assessment matrix.
ABR = Auditory Brainstem Response; BOT = Bruininks-Oseretsky Test; BSID = Bayley Scales of Infant and Toddler Development; CANTAB = Cambridge Neuropsychological Test Automated Battery CBCL Child Behavior Check-

list; GMDS-ER = Griffiths Mental Development Scales − Extended Revised; KDI = Kilifi Developmental Inventory; MDAT = Malawi Developmental Assessment Tool; RCM = Raven's colored matrices; WISC = Wechsler Abbrevi-

ated Scale of Intelligence; WPPSI = Wechsler Preschool and Primary Scales of Intelligence.

* BSID assessment up to 42 months.
y WPPSI assessment in Argentina 3-7 years. WPPSI assessment in India 4-7 years.
z BOT assessment ≥4 years.
< WISC 4 and WISC 5 assessment ≥7 years.
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thresholds for mild, moderate, and severe impairments,
except for motor severity in Argentina (Supplemental
Table S2). In Argentina, functional impact was used to
categorise severity of motor impairment.

Vision and hearing impairments were defined
using WHO severity categorisation (Table S2). For

vision, children were assessed with age-appropriate

methods, such as Tumbling E Chart (South Africa,

Kenya, India, Argentina), LEA symbols (Kenya). For

hearing, methods of assessment varied: in Kenya,

Auditory Brainstem Response (ABR) was completed

on all children; in Argentina, India, and South

Africa, hearing screening identified individuals with

any potential hearing impairment and those who

failed the screening were assessed with a full audi-

ometry. In Mozambique, no formal vision or hearing

screening was done, however, in the three children

suspected of vision problems, the Peek acuity app

was used to classify impairment severity as per the

defined categories.16 If there was clinical suspicion

of a hearing problem, children were referred for for-

mal hearing evaluation.
The Child Behaviour Checklist (CBCL) assessment

was used by all sites to measure emotional-behavioural
outcomes.17,18 Having any emotional-behavioural prob-
lem was defined by a total score on CBCL that was above
97th percentile. Percentiles were based on normative
age- and sex-samples.12,19

NDI severity was defined to be consistent with
Global Burden of Disease (GBD)20 and other relevant
studies.9 Moderate/severe NDI defined based on at least
one of the following criteria (Table S2):

� Scored 2 standard deviations (SD) below the stan-
dardized reference mean in cognition AND/OR
motor composite measures

� moderate to severe hearing impairment per WHO
criteria21

� moderate to severe vision impairment per WHO
criteria22

� mild impairment (≥-2 SD and <-1 SD below the
standardized reference mean) in at least 3 domains
(motor, cognition, hearing, vision)20

Nutritional outcomes of stunting and moderate-to-
severe malnutrition were derived from measure-
ments of each child’s height and weight (Table S2).
Stunting was defined as height-for-age Z-score less
than 2 SD below the median of the WHO child
growth standard.23 Moderate-to-severe malnutrition
was defined as stunting and/or wasting (more than 2
SD below the median weight-for-height of the WHO
child growth standard) and/or underweight (more
than 2 SD below median BMI-for-age of the WHO
growth reference for school-aged children and
adolescents).23
Statistical analysis
All analyses were performed in StataMP V15¢1. Median
age was reported; the remaining demographic and
health data variables were categorical and presented as
percentages.

Risks for the following outcomes were estimated for
each study site and by exposure group: moderate/severe
NDI, mild NDI, domain (eg., motor, cognition, hearing,
vision)-specific outcomes, any emotional behavior prob-
lems (clinical range of CBCL total problem scale), stunt-
ing and moderate-to-severe malnutrition.

In analyses combining data from the sites, pooled
risks of moderate/severe NDI, any NDI, emotional-
behavioural, and nutritional outcomes among
exposed and unexposed cohorts were based on ran-
dom-effects meta-analysis applying the DerSimonian
and Laird method for pooled proportion estimates
with 95% confidence intervals (CI).24 Estimates were
stratified by age (<5 years old; ≥5 years old); 5-9 and
10+ age bands were combined due to small sample
size and within site age distribution. Risks of NDI
outcomes were also calculated among GBS-meningi-
tis and GBS-sepsis survivors separately. To quantify
the association between iGBS disease and NDI out-
comes, a modified random-effects Poisson regression
model with robust variance estimator was used to
estimate risk ratios (RRs) adjusted for matching vari-
ables (age and sex), as well as study site, primary
carer’s education (< secondary; secondary or higher),
and gestational age (term birth ≥37 weeks; preterm
birth <37 weeks; missing).25 Preterm birth was
defined as gestational age <37 weeks. Only iGBS sur-
vivors with matched non-GBS comparator were
included. The modified Poisson regression model,
rather than the logistic model described in 12, was
used because for non-rare outcomes odds ratio does
not properly approximate the risk ratio (RR).26 RR
were calculated separately for children younger than
5 years old and for children 5 years and older. For
comparison, results of the logistic model are pre-
sented in Supplemental Table S4.

Estimates of NDI risk and regression analyses
with the combined dataset did not include data from
all study sites due to potential selection bias. In par-
ticular, a high proportion of children identified as
eligible for recruitment were not contacted after
completion of data collection in South Africa (57%)
and Argentina (50%). Whilst in South Africa, there
were no significant differences in human immuno-
deficiency virus (HIV) exposure, socio-economic sta-
tus or NDI outcome at one year of age between
those contacted and those not reachable, in Argen-
tina such an analysis was not possible. For this rea-
son, data from Argentina were not included in these
analyses. A sensitivity analysis on the association
between iGBS disease and moderate/severe NDI that
included the Argentina data was performed.
www.thelancet.com Vol 47 Month May, 2022
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Ethics
The overarching protocol for this multi-country observa-
tional study was granted ethical approval at the London
School of Hygiene & Tropical Medicine (approval num-
ber 16246). Institutional review boards in each of the
study sites granted ethics approval (Argentina approval
number Protocol EGB-1; India approval numbers 11723
(Christian Medical College (CMC) Vellore), 2019-7034
(Indian Council of Medical Research (ICMR)); Kenya
approval number SERU/CGMR-C/164/3882; Mozambi-
que approval numbers 98/CNBS/2019; South Africa
approval number M190241), as well as the institutional
review board of the World Health Organization (WHO)
(approval number ERC.0003169).
Role of the funding source
The funder of the study had no role in study design,
data collection, data analysis, data interpretation, writ-
ing of the manuscript, or decision to submit the manu-
script for publication. The funders had no access to the
dataset of this study. PP, JC, EHP, JEL had access to the
dataset. PP and JEL decided to submit for publication.
Results

Participants
iGBS survivors (N=399) and eligible unexposed chil-
dren (N=983) were identified across five sites (Figure 1),
with 196 and 575 being reached, respectively. Overall,
37% were unreachable and another 14% were excluded
due to migration or death in the iGBS cohort. Similarly,
36% were unreachable in the non-GBS comparison
cohort; exclusion due to death or migration in the unex-
posed group was 6%. After contact, another 35 (9%)
and 129 (13%) in iGBS and non-GBS cohorts, respec-
tively, were excluded due to other reasons, such as
declined participation, duplicate records or missed
appointments. Argentina enrolled only 50% of their tar-
get number iGBS survivors (Table S1) due to strict
COVID-19 social distancing measures during their
expected enrolment period (N = 13 enrolled participants
/ 26 expected iGBS survivors). Whilst South Africa had
a high proportion of children who could not be con-
tacted (103/180; 57%), the other sites reported that less
than 15% of the children were not contactable. Thirty
children were excluded due to incomplete NDI assess-
ments during the study visit.

A total of 159 iGBS survivors and 418 children with
no history of iGBS disease completed questionnaires
and neurodevelopmental assessments. It was not possi-
ble to identify a matched unexposed child for 16 exposed
children. Of the remaining 143 exposed children, 22
were matched to 1 unexposed child, 26 were matched to
2 unexposed children, 86 were matched to 3 unexposed
children, and 9 were matched to 4 or more unexposed
www.thelancet.com Vol 47 Month May, 2022
children. The age of exposed children ranged from 1-
18 years (1-20 years in total cohort); the median ages
were 3, 6, 7, 8, and 13 years in India, South Africa,
Kenya, Argentina, and Mozambique, respectively. There
were slightly more males (51¢3%) than females. Prema-
turity and low birth weight were more frequent among
the iGBS cohort compared to the comparison unex-
posed group in India (3/35 in iGBS vs 3/63 in non-
GBS), Kenya (5/29 vs 6/110), and South Africa (9/43 vs
17/117) (Table 2).
Objective 1: NDI outcomes by site, syndrome, age
The majority (74¢3%) of the exposed children had a his-
tory of GBS-sepsis, and about a quarter (25¢7%) had
GBS-meningitis. GBS-meningitis was diagnosed by
GBS-positive cerebrospinal fluid (CSF) culture in most
cases (67¢4%), but five cases defined as meningitis had
suggestive CSF leucocyte count of >20 £ 106/l plus
GBS-positive blood culture and nine had GBS-positive
blood culture plus suggestive clinical symptoms of men-
ingitis. Children with early-onset iGBS disease were
more likely to present with sepsis (71/80; 88¢7%),
whereas, 40¢5% (32/79) and 59¢5% (47/79) of the late-
onset cases were GBS-meningitis and sepsis, respec-
tively.

Risk of moderate/severe NDI among iGBS survivors
overall varied by site: 2.9% in India (1/35), 3¢4% in
Kenya (3/29), 7¢7% Mozambique (3/39), 13¢9% in South
Africa (6/43), and 23¢1% Argentina (3/13;). Frequency of
mild impairment also varied greatly between the sites,
ranging from 18% in Mozambique to 61% in Argentina
(Figure 3, Supplemental Table S3).

Among GBS-sepsis survivors, moderate/severe NDI
risk ranged from <5% in India (1/31; 3¢2%) and Kenya
(1/25; 4¢2%) to 25% in Mozambique (1/4) (Figure 3,
Table S3). A more limited number of children were
recruited after GBS-meningitis (N=41). Similar to GBS-
sepsis survivors, risk of moderate/severe NDI after
iGBS-meningitis ranged from no moderate/severe
impairment in India (N = 4) to 50% in Kenya (Figure 3,
Table S3).
Objective 2: Risk of NDI and association with GBS
When combing data from four study sites (excluding
Argentina), the pooled risk of moderate/severe NDI for
all iGBS was 8¢8% (95% CI: 4¢4% − 14¢5%) and risk of
any NDI was nearly four times higher (38¢1% (30¢0% −
46¢6%)), with varied age composition (Table 3). Inclu-
sion of Argentina did not change the moderate/severe
NDI risk 9¢0% (3¢5% -16¢1%). Risk of moderate/severe
NDI was 5¢5% (0¢0% - 16¢0%) in younger than 5 year
olds and 11¢2% (5¢3% - 18¢5%) in those aged 5 and older.
The pooled estimate of risk of moderate/severe NDI
among GBS-sepsis was 6¢9% (95% CI: 2¢0% - 13¢7%).
7



South Africa Mozambique India Kenya Argentina

iGBS

Survivors

(N=43)

non-iGBS

comparison

group (N=117)

iGBS

Survivors

(N=39)

non-iGBS

comparison

group (N=119)

iGBS

Survivors

(N=35)

non-iGBS

comparison

group (N=63)

iGBS

Survivors

(N=29)

non-iGBS

comparison

group (N=110)

iGBS

Survivors

(N=13)

non-iGBS

comparison

group (N=9)

Clinical syndrome, n (%)

Sepsis 30 (69¢8) 22 (56¢4) 31 (88¢6) 25 (86¢2) 10 (76¢9)
Meningitis 13 (30¢2) 17 (43¢6) 4 (11¢4) 4 (13¢8) 3 (23¢1)

GBS onset, n (%)

Early 22 (51¢2) 7 (18¢0) 33 (94¢3) 9 (31¢0) 9 (69¢2)
Late 21 (48¢8) 32 (82¢0) 2 (5¢7) 20 (69¢0) 4 (30¢8)

Age (in years) at

assessment,

median (range)

6 (5 − 7) 6 (5 − 7) 13 (1 − 17) 13 (1 − 18) 3 (1 − 14) 3 (1 − 14) 7 (1 − 13) 7 (1 − 13) 8 (4 − 15) 8 (4 − 15)

Sex, n (%)

Male 22 (51.2) 60 (51.3) 19 (48.7) 53 (48.2) 16 (45.7) 26 (41.3) 18 (62.1) 52 (52.0) 7 (53.9) 4 (44.4)

Female 21 (48.8) 57 (48.7) 20 (54.5) 57 (51.8) 19 (54.3) 37 (58.7) 11 (37.9) 48 (48.0) 6 (46.2) 5 (55.6)

Birthweight, n(%)*

≥2500g 33 (76¢7) 102 (87¢2) 24 (61¢5) 36 (30¢2) 29 (82¢9) 50 (79¢4) 16 (55¢2) 87 (79¢1) 12 (92¢3) 6 (66¢7)
<2500g 10 (23¢3) 15 (12¢8) 5 (12¢8) 5 (4¢2) 6 (17¢1) 13 (20¢6) 10 (34¢5) 10 (9¢1) 1 (7¢7) 2 (22¢2)
Don’t know 10 (25¢6) 78 (65¢6) 0 (0¢0) 0 (0¢0) 3 (10¢3) 13 (11¢8) 0 (0¢0) 1 (11¢1)

Prematurity (<37

weeks), n (%)

9 (20¢9) 17 (14¢5) 1 (2¢6)* 1 (0¢8)* 3 (8¢6) 3 (4¢8) 5 (17¢2) 6 (5¢5) 1 (7¢7) 2 (22¢2)

Self reported HIV, n(%)

No 43 (0.0) 116 (99.2) 5 (12.8) 16 (13.5) 28 (84.9) 56 (88.9) 21 (72.4) 41 (41.0) 5 (38.5) 2 (22.2)

Yes 1 (0.8) 0 (0.0) 3 (2.5) 1 (3.0) 0 (0.0) 2 (6.9) 3 (3.0) 0 (0.0) 0 (0.0)

Missing 34 (87.2) 100 (84.0) 4 (12.1) (11.1) 6 (20.8) 56 (56.0) 8 (61.5) 7 (77.8)

Birth order, n (%)

First born 14 (32¢6) 50 (42¢7) 13 (33¢3) 38 (31¢9) 30 (85¢7) 33 (52¢4) 11 (37¢9) 18 (16¢4) 10 (76¢9) 6 (66¢7)
Second born 14 (32¢6) 33 (28¢2) 9 (23¢1) 22 (18¢5) 5 (14¢3) 25 (39¢7) 7 (24¢1) 21 (19¢1) 2 (15¢4) 1 (11¢1)
Third born and higher 15 (34¢9) 34 (29¢1) 17 (43¢6) 59 (49¢6) 0 (0¢0) 5 (7¢9) 11 (37¢9) 71 (64¢5) 1 (7¢7) 2 (22¢2)

Highest education for

main caregiver, n (%)

<Primary 7 (17¢9) 90 (75¢6) 2 (5¢7) 0 (0¢0) 25 (86¢2) 100 (90¢9) 1 (7¢7) 0 (0¢0)
Primary 1 (2¢33) 1 (0¢9) 18 (46¢3) 28 (23¢5) 4 (11¢4) 11 (17¢5) 4 (13¢8) 8 (7¢3) 4 (30¢8) 4 (44¢4)
Secondary 32 (74¢4) 84 (71¢8) 10 (25¢6) 0 (0¢0) 7 (20¢0) 14 (22¢2) 0 (0¢0) 2 (1¢8) 6 (46¢1) 4 (44¢4)

Higher education

(University/technical/)

10 (23¢3) 32 (27¢3) 4 (10¢3) 1 (0¢8) 22 (62¢9) 38 (60¢3) 2 (15¢4) 1 (11¢1)

Table 2: Descriptive characteristics amongst survivors of invasive Group B Streptococcal (iGBS) in infancy and comparison cohort, stratified by country.

A
rticles

8
w
w
w
.th

elan
cet.com

V
ol47

M
on

th
M
ay,2022



Figure 2. Participant flow of iGBS cases and non-iGBS children recruited in multi-country study. Of the 159 iGBS survivors (43 South
Africa, 39 Mozambique, 35 India, 29 Kenya, 13 Argentina) included in the country specific descriptive analyses (objective 1), 138
iGBS survivors were included to estimate pooled absolute and relative risk (43 South Africa, 33 Mozambique, 33 India, 29 Kenya).
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Figure 3.Multi-domain and domain specific impairment among non-iGBS children, any iGBS, GBS-sepsis, and GBS-meningitis, strati-
fied by country. Proportion of children with different NDI outcomes in South Africa, Mozambique, India, Kenya, and Argentina for
GBS exposed and unexposed children. (A) Overall impairment (moderate/severe and mild). (B) Motor impairment (moderate/severe
and mild).(C) Cognitive impairment (moderate/severe and mild). (D) Emotional-behavioural problem (any problem in clinical range).
(E) Hearing and vision impairment (any impairment). GBS=group B Streptococcus. GBS-M=GBS meningitis. GBS-S=GBS sepsis.
NDI=neurodevelopmental impairment.
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GBS-meningitis had a 15¢0% (3¢4% - 30¢8%) risk of
moderate/severe NDI (Table 3).

Among the non-GBS cohort, any NDI risk and mod-
erate/severe NDI risk was high: 21¢7% (17¢7% - 26¢0%)
and 5¢9% (3¢7% - 8¢6%), respectively (Table 3). Com-
pared with the non-GBS cohort, children with a history
of iGBS had a 70% increased risk of any NDI (adjusted
risk ratio (aRR)=1¢74 (95% CI: 1¢34, 2¢26)) after adjust-
ment for prematurity and caregiver education. The aRR
for moderate/severe NDI was 1¢27 (0¢65, 2¢45). In chil-
dren aged less than 5 years, there is a 2¢4 increased risk
of any NDI associated with iGBS disease (aRR=2¢41
(1¢48, 3.91)), but no association in moderate/severe NDI
risk (aRR=0.90 (0¢17, 4.59)). For children 5 years or
older, there was an increase risk of any NDI (aRR=1.81
(1.30, 2.52)) among iGBS survivors compared to non-
GBS comparators. For moderate/severe NDI, the aRR
was 1.94 (0.87, 4.35).
Objective 3: Domain specific NDI and growth
outcomes
Frequency of impairment varied by neurodevelopmen-
tal domain (Figure 3, Table 2). Cognitive impairment
was more common among iGBS survivors (range 2.9 −
38.5%) than motor, hearing, and vision impairment in
www.thelancet.com Vol 47 Month May, 2022



iGBS survivors Non-GBS cohort Relative risk

GBS-meningitis GBS-sepsis Total iGBS n RR aRR*

Total cohort

Moderate/severe neurodevelopmental impairment 15¢0% (3¢4% - 30¢8%) 5¢6% (1¢5% - 13¢7%) 8¢8% (4¢4% − 14¢5%) 5¢9% (3¢7% - 8¢6%) 42 1¢35 (0¢73, 2¢51) 1.27 (0.65, 2.45)

Mild neurodevelopmental impairment 23.9% (9.6% - 41.2%) 27.9% (19.3% - 37.3%) 27.6% (20.3 − 35.5%) 12.9% (9.7% - 16.4%) 106 1.84 (1.34, 2.53)** 1.96 (1.41, 2.74)**

Any neurodevelopmental impairment 45¢7% (28¢1% − 63¢9%) 35¢2% (26¢0% - 45¢0%) 38¢1% (30¢0% − 46¢6%) 21¢7% (17¢7% - 26¢0%) 148 1¢69 (1¢32, 2¢17)** 1.74 (1.34, 2.26)**

Any behavioural problems 12¢1 (1¢7% - 27¢5%) 4¢5% (0¢8% - 10¢2%) 10¢4% (5¢5% - 16¢5%) 5¢5% (3¢3% - 8¢1%) 47 1¢03 (0¢58, 1¢85) 0.98 (0.55, 1.77)

Stunting 1¢2% (0¢0% - 11¢5%) 6¢2% (1¢8% - 12¢3%) 6¢0% (2¢3% - 11¢0%) 8¢5% (5¢7% - 11¢8%) .. ..

< 5years

Moderate/severe neurodevelopmental impairment 16¢2% (0¢0% - 56¢3%) 0¢0% (0¢0% - 7¢5%) 3¢9% (0¢0% − 13¢9%) 11¢6% (5¢5% - 19¢4%) 15 0¢73 (0¢23, 2¢35) 0.90 (0.17, 4.59)

Mild neurodevelopmental impairment 21.5% (0.0% - 62.7%) 43.5% (25.6% - 62.2%) 40.9% (25.5% - 57.2%) 9.2% (3.6% - 16.4%) 27 4.50 (2.35, 8.60) 3.95 (1.93, 8.06)**

Any neurodevelopmental impairment 52¢5% (13¢2% − 90¢5%) 48¢5% (30¢2% - 67¢0%) 49¢0% (33¢0% − 65¢2%) 21¢6% (13¢4% − 30¢9%) 42 2¢50 (1¢62, 3¢85)** 2.41 (1.48, 3.91)**

Any behavioural problems 0.0% (0.0% - 44.4%) 3.5% (0.0% - 14.4%) 3.5% (0.0% - 13.1%) 11.2% (4.9% - 19.1%) 7 0¢38 (0¢04, 3¢42) 0.26 (0.02, 2.96)

≥ 5 years old

Moderate/severe neurodevelopmental impairment 10¢9% (0¢2% - 29¢2%) 6¢0% (0¢8% - 13¢9%) 9¢5% (3¢9% − 16¢8%) 3¢6% (1¢6% - 6¢3%) 27 1¢93 (0¢92, 4¢08)* 1.94 (0.87, 4.35)

Mild neurodevelopmental impairment 23.5% (6.7% - 44.4%) 20.2% (10.9% - 31.1%) 22.0% (13.8% - 31.2%) 12.7% (9.0% -16.9%) 79 1.37 (0.93, 2.03) 1.78 (1.18, 2.71)**

Any neurodevelopmental impairment 39¢8% (19¢4% − 61¢7%) 28¢6% (18¢0% - 40¢5%) 33¢4% (24¢0% − 43¢5%) 21¢0% (16¢4% - 25¢9%) 106 1¢50 (1¢10, 2¢05)** 1.81 (1.30, 2.52)**

Any behavioural problems 23.3% (6.6% - 44.3%) 18.5% (9.3% - 29.6%) 15.9% (8.6% - 24.6%) 8.9% (5.7% - 12.6%) 40 1¢18 (0¢65, 2¢14) 1¢15 (0¢64, 2¢08)

Table 3: Pooled estimates of neurodevelopmental outcomes and relative risk amongst survivors of iGBS in early infancy and matched non-GBS cohort.
RR=Relative risk adjusted for matching variables (age, sex) and study site. aRR= adjusted relative risk, adjusted for matching variables study site, caregiver education, and prematurity

* significant at p<0¢1
** significant at p<0¢05.
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all the sites, except in India, where only mild cognitive
impairment was detected. Hearing impairment was
identified in all the study sites, except for in Argentina
where hearing assessments could not be performed on
all children due to COVID-19 related social distancing
measures, and ranged from 2¢8% in India to 6¢9% in
Kenya. Although in Mozambique hearing assessments
were only performed in children for whom there was a
clinical suspicion of hearing problems (n=3), two chil-
dren with history of iGBS had moderate/severe
impairment (2/39; 5.1%) and one child had mild hear-
ing impairment (1/39; 2.6%). Vision impairment was
infrequently diagnosed among iGBS survivors in this
study, being detected only in India (2/35; 5¢7%) and
Kenya (2/25; 13¢8%).

Emotional-behavioural problems were identified in
iGBS survivors in Kenya (2/25; 6¢95%), Argentina (2/
13; 16¢7%), and South Africa (11/43; 25¢6%). A high pro-
portion of children in the non-GBS group had any
behavioural problems (Figure 3, Table S3). In India,
although no emotional-behavioural problems were iden-
tified among the iGBS survivors, 6¢5% (4/63) of the
non-GBS cohort were identified with behavioural prob-
lems. In Mozambique, no emotional-behavioural prob-
lems were identified in either the exposed or unexposed
cohorts (Figure 3, Table S3). In the combined analysis,
emotional-behaviour problems were similar between
iGBS survivors and non-GBS children (aRR=1¢02 (0¢57,
1¢83)) (Table 3).

Frequencies of stunting and moderate/severe mal-
nutrition were similar between the iGBS and the non-
GBS cohort, but varied between the five sites (Table 3,
Table S3). Less than 5% of the children in South Africa
were moderate/severe malnourished (4/160)), while
17% of the children in Kenya (19/107) were malnour-
ished.
Discussion
Our study addresses three important data gaps regard-
ing the burden of iGBS disease:9 (1) long-term out-
comes after iGBS-sepsis; (2) risk of milder outcomes,
which become more apparent later in childhood; (3)
paucity of data in LMIC, despite these countries having
the majority of the iGBS burden. This first LMIC-based
multi-country study of longer term outcomes after iGBS
found NDI was more frequent among iGBS survivors.

We identified few children with hearing impair-
ments, however not all the sites were able to assess all
children with sensitive hearing tests, so these results
may underestimate the frequency of hearing loss. Fre-
quencies of emotional-behavioural problems based on
standardised CBCL were similar in children with or
without history of iGBS and highly variable between
sites. Notably, no study participant in Mozambique was
diagnosed with emotional-behavioural problems, possi-
bly reflecting the cultural interpretation of behavioural
constructs within the CBCL and the need for further
context-specific adaptation.

After GBS-meningitis, we estimated a 15% risk of
moderate/severe NDI, which is comparable to previ-
ously reported studies, including a recent registry-based
study undertaken in Demark and the Netherlands that
reported 10-15% risk of moderate/severe NDI in GBS-
meningitis children aged 10 years. Although the num-
ber of iGBS-meningitis survivors in the combined data-
set was small (N=41), it is similar to the total sample
size for the middle-income countries reported in the
review and meta-analysis performed by Kohli-Lynch
et al. (N=38).9

Among iGBS-sepsis survivors, we estimated 5% risk
of moderate/severe NDI, with considerable between-site
heterogeneity. This risk is similar to the 5% reported in
Denmark and 8% in Netherlands after iGBS sepsis by
the age of 10 years old. Although risk of NDI after GBS-
sepsis is lower than risk after meningitis, GBS-sepsis is
more common than meningitis, and therefore is likely
to contribute more to the total GBS-associated NDI bur-
den.

Milder developmental impairment and emotional-
behavioural findings were high for the iGBS exposed
cohort (27%) and the comparison cohort (13%), but var-
ied markedly by study site. This aligns with the estimate
that 40% of children, with up to 60% in sub-Saharan
Africa, will not reach developmental potential by 5 years
of age.5 Variability in the background risks highlight the
importance of a matched counterfactual to quantify
excess risk of NDI due to specific exposures, such as
iGBS disease.

A strength of our study is that it was specifically
designed to address the paucity of NDI data after iGBS
disease in LMIC settings. In particular, this multi-coun-
try study represents three geographic regions (Latin
America, Africa, Asia), implemented standardised train-
ing, applied the same tools/assessments in multiple
study sites when possible (e.g., CBCL, WPPSI), and
used a customizable data capture app. We included an
unexposed comparison group; the importance of which
is underscored by the variable background risk between-
sites, which might reflect true differences in baseline
NDI risk and underlines the need for robust compari-
son cohorts in future studies. This study also has limita-
tions. Exposure to iGBS disease in this study was
assessed retrospectively and, therefore, we cannot rule
out misclassification of exposure for some children.
Meningitis is underdiagnosed, especially in neonates
who may not have localising signs, and hence lumbar
punctures are meant to be done for all suspected cases.
If bacteraemia is detected but lumbar puncture is not
performed, misclassification might occur from true
meningitis to being considered to be sepsis. This mis-
classification is more common in low income/resource-
limited settings and for very sick neonates where lum-
bar puncture may not be done, or done after antibiotic
www.thelancet.com Vol 47 Month May, 2022
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administration. Longer term cohorts with standard diag-
nostic criteria of GBS exposure and prospective defini-
tion of exposure status are needed. Of note, when
assessing the relative risk of the different NDI out-
comes, data from GBS sepsis and meningitis cases were
combined. Furthermore, the comparison group sample
size was smaller than expected due to recruitment chal-
lenges during the COVID-19 pandemic. While this
study addresses key data gaps, children enrolled might
not be representative of all iGBS survivors and selection
bias might have occurred especially in South Africa,
where a higher proportion could not be contacted. How-
ever, analysing key demographic and health history vari-
ables, there were no statistical difference between the
South African children who enrolled in the study and
those who were not reachable.13 In Argentina, only a
small number could to be contacted during the pan-
demic, and for this reason children from this site were
not included in pooled analyses. We were unable to
adjust for HIV-exposure or HIV status, which are risks
for NDI27,28, due to limited data. In South Africa where
HIV-exposure data was available,29 iGBS survivorship
was associated with increased NDI even after control-
ling for HIV-exposure.13 Finally, we adjusted for prema-
turity as a potential confounder,30-32 however we note
that gestational age determination in our study was
largely measured using last menstrual period, which is
less accurate33 and tends to overestimate prematurity.34

Of note, complete case analysis, where only participants
with information on gestational age variable were
included, was performed and similar results were
obtained (data not shown). Comparable measurement
of NDI in different populations is challenging. There is
a plethora of available assessment tools (>100 in LMIC)
and many of the widely used tools are expensive, com-
plex to use, and reporting of impairment often omits
important domains, especially hearing and vision.35

Additionally, many have not been adapted formally for
LMIC context and diverse cultural setting thus limiting
their use in different populations. Whilst attempts were
made to use comparable NDI assessment in this study,
there were 26 different tools used across sites due to
local practices and expertise, and hence comparability
remains limited and may be further affected by instru-
ment validity, technical capacity and cultural interpreta-
tion. We undertook domain mapping of assessment
tools to better align measurement equivalence and com-
parability of the NDI outcomes between different ages,
assessment tools and sites, before individual-level data
from each site were further combined for analysis.
However, in Mozambique, detailed motor assessment
in older children was not possible due to unavailability
of population standard for children under 18 years of
age and no formal screening of hearing and vision were
performed, which may have underestimated mild to
moderate impairment in this site. In Argentina, the use
of clinical motor assessment is rather different and less
www.thelancet.com Vol 47 Month May, 2022
sensitive compared to the tools used in the other sites
that provided detailed evaluation of various motors
skills. Cognitive tests in Kenya only measure non-verbal
skills and therefore may have underestimated cognitive
impairments in the population as language was not
included.

Our findings demonstrate a higher than previously
recognised burden of both mild and moderate/severe
NDI in iGBS survivors with implications for both public
health programmes and research. Implementation
research is needed to develop context-specific
approaches to follow-up developmentally at-risk new-
borns in existing child health programmes. Our find-
ings of higher risk of mild NDI identified in children
5 years and older underlines the need for follow-up to
school age. To ensure more accurate identification of
children with NDI there is a need for a toolkit of stand-
ardised assessments that assess all domains, can be
freely used and are easily adapted for different context.
WHO’s new Global Scale for Early Development
(GSED) aims to enable comparable monitoring of child-
hood development for children less than 3 year olds and
the Early Childhood Development Index targets 3-5 year
olds. However, these tools miss older, school-ages and
omit vision and hearing.

Our findings show that long-term impairment after
iGBS disease is frequent, confirming previous findings
after GBS-meningitis. Importantly among GBS-sepsis
survivors, our new data show that moderate and/or severe
NDI is also high in LMIC. Given that sepsis is the most
common iGBS clinical presentation, these results should
be considered in disease burden estimates and cost-effec-
tiveness analyses of preventative approaches. Whilst our
estimate of risk ratio for moderate/severe NDI outcome is
uncertain, our multivariate analyses suggest an increased
risk of any and moderate/severe NDI in iGBS survivors
compared to unexposed children. Additionally, there was
marked heterogeneity in NDI risk between sites. To
increase the robustness of these findings, more multi-site
studies are needed, especially in LMIC given the highest
burden is in these settings.

To inform both clinical practice and public health
policy, there is a need for standardised developmental
assessment tests that are more feasible for routine use,
freely accessible and adaptable to context. Importantly
hearing and vision domains should be included, and
the age range needs to extend beyond early childhood
(0-3 years). Better detection also needs to link to better
healthcare and education for these children and support
of their families, including context-specific implementa-
tion research.
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