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Background. Group B streptococcal (GBS) sepsis during infancy is a leading cause of child mortality and an important 
contributor to long-term neurodisability. Data on outcomes among invasive GBS infection survivors in low- and middle- 
income countries are limited. We present 2-year neurodevelopment and growth outcomes after GBS sepsis in Uganda.

Methods. Participants were infants with culture-proven GBS sepsis <3 months of age and a gestationally matched comparison 
cohort of infants who did not have GBS sepsis in Kampala, Uganda. Neurodevelopmental impairment up to 24 months (corrected 
age) was assessed using the Bayley Scales of Infant Development and Hammersmith Infant Neurological Examination. Weight, 
height, mid-upper arm circumference, and occipito-frontal circumference were measured.

Results. Neurodevelopmental outcome data were available for 16 survivors of GBS sepsis and 59 comparison children. Among 
survivors of GBS sepsis, cognitive and language scores were lower (median difference [interquartile range], −5 [−10 to 0] and −8 
[−15 to −2], respectively). Moderate to severe neurodevelopmental impairment occurred in 31% (5/16) in the GBS cohort 
compared with 8.5% (5/59) in the non-GBS cohort. Three children with neurodevelopmental impairment had cerebral palsy 
(bilateral spasticity), and 2 had global developmental delay without cerebral palsy. GBS sepsis survivors were more likely to have 
undernutrition compared with comparison children (25% vs 10%), largely due to severe undernutrition among those with cerebral palsy.

Conclusions. In this Sub-Saharan African population, survivors of infant GBS sepsis were more likely to have impaired 
neurodevelopmental and growth outcomes compared with children who did not have GBS sepsis. GBS sepsis survivors should be 
included in long-term follow-up programs to monitor for neurodevelopmental difficulties and initiate early referrals to support services.
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Sepsis is a leading cause of child morbidity and mortality glob-
ally, with the greatest burden in low- and middle-income coun-
tries (LMICs) and the highest regional burden in Sub-Saharan 
Africa [1]. Group B Streptococcus (GBS; Streptococcus agalac-
tiae) is the most common cause of sepsis and meningitis among 
infants <3 months of age [2]. While significant gains have been 
made in reducing child mortality globally, there has been less 
focus on longer-term morbidity and disability outcomes from 
common early childhood conditions.

The Global Strategy for Women’s, Children’s, and 
Adolescents’ Health supports the need for every newborn to 
not only “survive” but also “thrive” and reach their full neuro-
cognitive and developmental potential [3]. Globally, there are 
an estimated 53 million children under 5 years of age living 
with developmental disabilities, and this has remained 
unchanged over recent decades [4]. The Nurturing Care 
Framework emphasizes the need for tiered services to meet 
children’s needs [5], including targeted support for at-risk 
children and specialized services for developmental disabili-
ties; however, data on the prevalence of adverse early child-
hood outcomes among at-risk children in LMIC settings are 
limited.

Colonization with GBS is estimated to affect between 20% 
and 35% of pregnant women, and of those born to colonized 
mothers, early-onset invasive GBS disease occurs in ∼1% [6]. 
While intrapartum antibiotics prophylaxis has reduced the in-
cidence of early-onset disease (<7 days), no prophylaxis strat-
egy exists for late onset (7 days–3 months) [7]. Each year, an 
estimated 40 000 survivors of GBS sepsis develop moderate to 
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severe neurodevelopmental impairment (NDI) [8]. Up to half 
of GBS meningitis survivors have NDI, one-fifth moderate to 
severe [9].

Neurodevelopmental sequelae after sepsis include cerebral 
palsy, global developmental delay, visual and hearing impair-
ment, and seizures [10]. These not only impact the child’s 
health, functioning, and life chances, but also have substantial 
social, emotional, and financial impacts on children, families, 
and societies, particularly in LMICs [11]. Quality data are lack-
ing on long-term neurodevelopmental outcomes after early 
childhood infections, particularly from LMICs. Studies are of-
ten limited by a follow-up period of <1 year of age, when NDI 
may be missed, and a diagnosis and classification of cerebral 
palsy may not be possible.

The primary aim of this study was to assess early childhood 
outcomes, specifically neurodevelopmental and growth out-
comes, among survivors of GBS sepsis during early infancy in 
Uganda.

This paper forms part of a supplement based on the 
PROGRESS study. The Progressing Group B Streptococcal 
Vaccines (PROGRESS) study aimed to describe the causes of in-
fectious mortality and morbidity in pregnancy and neonates, as 
well as the seroepidemiology of group B streptococcal infection 
—the major cause of neonatal sepsis worldwide—in Kampala, 
Uganda. Detailed information regarding the PROGRESS re-
search protocol and results has been published separately [12].

METHODS

Study Design

This study was a prospective cohort comparison study of neuro-
developmental outcomes at 24 months among infants affected 
with invasive GBS sepsis (case cohort), with a matched compar-
ison cohort of infants without GBS sepsis (comparison cohort). 
Case cohort infants were recruited through the PROGRESS 
study, a prospective observational cohort study conducted 
between November 2019 and April 2021 in 2 hospitals in 
Kampala, Uganda (Mulago National Referral Hospital and 
Kawempe National Referral Hospital), aiming to evaluate the fea-
sibility and acceptability of undertaking large-scale seroepidemi-
ology surveillance of GBS in Uganda [12]. Comparison cohort 
infants were recruited through the PREPARE study, comprising 
a prospective surveillance cohort of pregnant women and follow-
ing mothers and infants up to 14 weeks, in preparation for GBS 
maternal vaccination trials [13].

Setting

Uganda is a low-income country situated in East Africa, rank-
ing 176th out of 193 countries for GDP per capita [14]. Uganda 
has a population of around 43 million, of whom 1.6 million live 
in the capital city, Kampala. The neonatal mortality rate is 

19 deaths per 1000 live births, and the infant mortality rate is 
31 per 1000 live births [15].

Participants

The eligibility criteria for the PROGRESS study included neo-
nates and young infants (<90 days of age) presenting to either 
study site with signs or symptoms consistent with infection 
(sepsis, meningitis, or pneumonia), who subsequently had 
a positive blood culture for GBS [12]. Any gestational age 
was eligible; gestational age was measured using the Ballard 
score or, where not available, early antenatal ultrasound/the 
mother’s reported date of last menstrual period. For those 
whose gestational ages were unknown, for the purposes of neu-
rodevelopmental assessment scoring, they were estimated from 
birthweight using INTERGROWTH-21st charts, which are 
based on normative values from children in Sub-Saharan 
Africa [16].

The comparison cohort of noncases was recruited from the 
PREPARE study [13, 17] in a 3:1 ratio of noncases to cases. 
Eligibility for the comparison cohort included infants who re-
mained healthy with no hospital admissions up to 90 days of 
age and were matched for gestational age to the cases [13]. 
Prospective written informed consent was obtained from caregivers.

Diagnosis of GBS

Blood culture samples were taken under sterile precautions and 
processed at the Makerere University Clinical Microbiology 
Laboratory (MUCML), which is accredited by the College of 
American Pathologists. Samples were incubated for 5 days in 
an automatic BACTEC machine (BACTEC 9050, 9120 Becton 
Dickinson, Plymouth, UK, or FX40 Becton Dickinson, 
Franklin Lakes, NJ, USA). A positive blood culture was defined 
as being positive for GBS growth.

Neurodevelopmental Follow-up

Neurodevelopmental assessments were performed at MNRH 
children’s outpatient clinic by a trained and experienced med-
ical clinical officer, blind to clinical history but not to study 
arm. The Bayley Scales of Infant Development, 3rd Edition 
(BSID-III), were used to assess development at 6, 12, and 
24 months of age in the cases cohort and at 24 months only in 
the comparison cohort [18]. BSID-III is a widely used neurode-
velopment tool for children age 1–42 months, assessing neurode-
velopment across 5 domains: cognition, receptive language, 
expressive language, fine motor, and gross motor. BSID-III 
scores are based on age at assessment (corrected for prematurity, 
<36 weeks’ gestation), with standard cutoff thresholds for NDI 
derived from high-income country populations: 85–89 for 
mild NDI, 70–84 moderate, and <70 severe [19].

All children were examined neurologically using a standardized 
scorable assessment, the Hammersmith Infant Neurological 
Examination (HINE), which has been validated as a predictor of 
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motor outcome in diverse cohorts, at 3, 6, 12, and 24 months of 
age [20, 21]. A score of ≥67 has been shown to be predictive of 
independent walking at 2 years among high-risk infants [22]. 
Cerebral palsy was diagnosed and classified according to the 
Surveillance of Cerebral Palsy in Europe hierarchical classification 
[23], and severity was assigned using the Gross Motor Function 
Classification System for Cerebral Palsy (GMFCS) [24]. For our 
primary analysis, moderate to severe NDI was defined as any of 
the following: a BSID-III score of 2 SDs below the mean derived 
from the comparison cohort in any domain, a HINE score <67, 
and/or diagnosis of cerebral palsy.

Visual and hearing assessments were conducted according to 
HINE standardized procedures [18]. Visual assessment assessed 
fixing and following of a clear black/white target; hearing assessed 
response to an auditory stimulus (rattle held behind the visual 
range of both sides). Impairment was categorized as mild, mod-
erate, or severe, according to HINE scoring criteria [20].

Assessment of Growth Outcomes

Anthropometric measurements were taken at each follow-up time 
point for both cohorts using standardized procedures: weight (us-
ing SECA354 electronic scales, Hamburg, Germany), mid-upper 
arm circumference (MUAC; MUAC tape measure), height 
(SECA210 measuring mat), and occipito-frontal head circumfer-
ence (paper tape measure). World Health Organization growth 
charts were used to assign Z-scores for each measurement, with 
a Z-score <−2 indicating moderately to severely impaired growth 

outcomes for weight for age (undernutrition), height (stunting), 
weight for height (wasting), and occipito-frontal head circumfer-
ence (microcephaly) [25]. For MUAC, 11.5–12.5 mm defined 
moderate acute malnutrition, and <11.5 mm defined severe acute 
malnutrition [25]. A structured interview was conducted among 
caregivers to investigate caregiver concerns regarding health, 
growth, and development, including questions about seizures 
and other neurological problems.

Statistical Analysis

Descriptive statistics were reported using medians and inter-
quartile ranges (IQRs) for continuous variables and frequen-
cies and percentages for categorical variables. Associations 
were reported using the chi-square/Fisher exact test. A com-
parison of median values was performed using the Wilcoxon 
rank-sum test, with median differences calculated using the 
generalized Hodges-Lehmann approach for continuous var-
iables and risk ratios calculated for categorical variables with 
95% CIs. A P value <.05 was considered statistically signifi-
cant. STATA (version 17.1) was used for all statistical 
analyses.

RESULTS

Participants

The flow of participants through the study is shown in Figure 1. 
Between April 2019 and November 2021, 25 infants were re-
cruited to the cases cohort, and between November 2020 and 

Figure 1. Flow of participants. Abbreviation: iGBS, invasive group B Streptococcus.
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May 2021, 60 infants were recruited to the comparison cohort. 
Of 25 participants in the cases cohort, 16 survivors (76.2%) had 
neurodevelopmental outcome data and were included in the 
analysis. All 16 were participants who had GBS growth con-
firmed on blood culture. Of these, 14 underwent final assess-
ment at 24 months, and 2 at 12 months. Of those who did 
not have neurodevelopmental outcome data, 4 died (in the neo-
natal period), 3 were lost to follow-up, 1 withdrew and 1 was 
excluded as they attended follow-up to 12 months but were un-
able to be scored as corrected gestational age could not be ascer-
tained. Of those recruited to the non–invasive GBS (iGBS) 
comparison cohort, 59 (98.3%) attended neurodevelopmental 
follow-up at 24 months and were included in the analysis.

Baseline Characteristics

Baseline and early clinical characteristics of the case and compar-
ison cohorts are shown in Table 1. Mothers of iGBS survivors were 
more likely to be of younger age, primiparous, HIV positive, to 
have completed up to primary education only, and to have a nor-
mal vaginal delivery when compared with mothers in the compar-
ison cohort (none significant). Infants with iGBS sepsis were 
significantly more likely to need resuscitation at the time of birth. 
No differences were seen in sex, gestation, or birthweight.

Neurodevelopmental Outcomes

The neurodevelopmental outcomes among both groups are 
shown in Table 2.

The iGBS case cohort had lower median scores compared 
with the comparison cohort for cognitive (median difference 

[IQR], −5 [−10 to 0]) and language (median difference 
[IQR], −8 [−15 to −2]); there was no difference in motor 
scores. Using standard BSID-III cutoff scores, the comparison 
cohort had a very high proportion of moderate NDI (59.3%) 
(Supplementary Information A); therefore, we determined 
NDI cutoff scores based on SDs below the mean in the comparison 
cohort for each domain: ≥1 SD below the mean defining no NDI, 
−1 to −2 SDs for mild NDI, −2 to −3 SDs for moderate NDI, and < 
−3SDs for severe NDI (z-score <−2 defining moderate–severe 
NDI) (Supplementary Information B). Using revised cutoff scores, 
those in the case cohort remained more likely to have moderate– 
severe NDI than those in the non-iGBS cohort (P = .03) 
(Table 2). In the case cohort, 31.3% (5/16) had moderate–severe 
NDI in at least 1 domain; the majority (3/5) had severe NDI. In 
the comparison cohort, 8.5% (5/59) had moderate NDI; none 
had severe NDI. Examining scores by domain, one-third of iGBS 
survivors had moderate–severe impairment in the cognitive and 
language domains, and one-quarter had moderate–severe motor 
impairment.

Growth Outcomes

Table 2 shows growth outcomes in both the case and compar-
ison cohorts. Twenty-five percent of the case cohort had 
moderate–severe undernutrition compared with 10% in the 
comparison cohort according to weight for age, and 20% com-
pared with 0% according to MUAC. iGBS survivors were also 
more likely to have moderate–severe wasting (13% vs 7%) 
and stunting (25% vs 17%). Of the 5 iGBS survivors with 
NDI, all 4 had undernutrition, indicated by weight for age 

Table 1. Baseline and Clinical Characteristics Among Invasive GBS Sepsis Survivors and Comparison Non-GBS Cohorts

Clinical Characteristics iGBS Cases Cohort (n = 16) Non-iGBS Comparison Cohort (n = 59) P Valueb

Maternal factors

Education, ≤primary level 25 (4) 12 (7) .19

Maternal age

Median [IQR], y 23 [20–28.5] 26 [23–31] .08

<20 y 19 (3) 5 (3) .11

Primiparity 50 (8) 25 (15) .06

HIV positive 19 (3) 8 (5) .24

C-section 13 (2) 24 (14) .33

Neonatal factors

Sex, male 50 (8) 49 (29) .95

Gestational agea

Median [IQR], y 40 [37.5–40] 39 [38–40] .22

≤37 wk 13 (2) 17 (10) .67

Birthweight

Median [IQR], g 3150 [2560–3450] 2900 [2600–3500] .90

≤2500 g 19 (3) 20 (12) .89

Resuscitation required 25 (4) 5 (3) .02

Data shown are median [IQR] for continuous data and % (No.) for categorical data.  

Abbreviations: GBS, group B Streptococcus; iGBS, invasive group B Streptococcus; IQR, interquartile range; LMP, last menstrual period.  
aMissing data on gestational age for 10 children in the iGBS cohort; of those with known gestation, 5 were determined from Ballard score and 1 from LMP. In the non-iGBS cohort, 33 were 
determined from Ballard score, 16 from LMP.  
bWilcoxon rank-sum test for continuous variables, chi-square test for categorical variables.
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(3 were severe), and of these, 3 also had low MUAC scores (2 se-
vere). Two (12.5%) in the iGBS cohort had bulbar palsy, indi-
cated by drooling on clinical assessment.

Description of Neurodevelopmental Outcomes After GBS Sepsis

Table 3 details the neurodevelopmental and growth outcomes 
of all iGBS survivors. Of those classified as having NDI, 

3 (50%) had bilateral spastic cerebral palsy with global develop-
mental delay, with very low scores across all BSID-III domains 
and the HINE. Two (33%) had moderate global developmental 
delay without cerebral palsy, with low scores across all BSID-III 
domains but normal HINE. Four (25%) had mild global devel-
opmental delay without cerebral palsy, with mild impairment 
in cognitive and language domains but normal motor scores. 

Table 2. Neurodevelopmental and Nutritional Outcomes Between Survivors of GBS Sepsis and the Comparison Cohort at Two Years of Age

…
iGBS Cases  

Cohort (n = 16)
Non-iGBS Comparison  

Cohort (n = 59)
Median Difference  

[95% CI]a P Valueb

Developmental and neurology outcomes

Bayley Scales of Infant Development–III

Median (IQR) [range] … … … …

Cognitive 80 (77.5–92.5) [55–95] 85 (80–90) [75–95] −5 [−10 to 0] .10

Language 78 (72.5–86) [47–97] 86 (83–91) [74–100] −8 [−15 to −2] .003

Motor 86.5 (79–89.5) [46–94] 85 (82–88) [76–94] 0 [−6 to +3] 1.00

Moderate–severe neurodevelopmental impairment by domainc

Cognitive 31.3 (5) 6.8 (4) RR, 4.6 [1.4–15.2] .02

Language 25.0 (4) 0.0 (0) - .001

Motor 18.8 (3) 1.7 (1) RR, 11.1 [1.2–99.3] .03

Any domain 31.3 (5) 8.5 (5) RR, 3.7 [1.2–11.2] .03

Hammersmith Infant Neurological Exam

Median (IQR) [range] 74 (70.5–76.8) [18.5–78] 73 (72–74) [67–77] +1 [−2 to +3.5] .30

<67 18.8 (3) 0 (0) - .008

Cerebral palsy 18.8 (3) 0 (0) … .008

Severe (GMFCS level 3–5) 18.8 (3) 0 (0) - .008

Global developmental delay (no CP) 12.5 (2) 0 (0) - .04

Visual impairment 18.8 (3) 0 (0) - .008

Hearing impairment 18.8 (3) 0 (0) - .008

Childhood seizure disorder 0 (0) 0 (0) - -

Any moderate–severe NDId 31.3 (5) 8.5 (5) RR, 3.7 [1.2–11.2] .03

Occipito-frontal circumference, cm

Median [IQR] 46.5 [45.5–48] 47 [46–48] −0.5 [−1.7 to +0.5] .24

Microcephaly (Z-score <−2) 6.3 (1) 3.4 (2) RR, 1.6 [0.3–8.4] .52

Severe microcephaly (Z-score <−3) 6.3 (1) 1.7 (1) RR, 3.7 [0.24–55.8] .38

Nutritional outcomes

Undernutrition (weight for age)

Mod–severe (Z-score <−2) 25.0 (4) 10.2 (6) RR, 2.7 [0.9–5.4] .21

Severe (Z-score <−3) 18.8 (3) 1.7 (1) RR, 11.1 [1.2–99.3] .03

Wasting (weight for height),

Mod–severe (Z-score <−2) 12.5 (2) 6.8 (4) RR, 1.6 [0.5–5.6] .60

Severe (Z-score <−3) 12.5 (2) 0 (0) - .04

Stunting (height for age)

Mod–severe (Z-score <−2) 25.0 (4) 16.9 (10) RR, 1.5 [0.6–3.8] .48

Severe (Z-score <−3) 12.5 (2) 1.7 (1) RR, 3.4 [1.4–8.7] .11

Mid-upper arm circumference

Median [IQR], mm 14 [13–15] 15 [14–15.5] −1 [−2 to 0] .02

Mod–severe undernutrition (<125 mm) 18.8 (3) 0 (0) - .008

Severe undernutrition (<115 mm) 12.5 (2) 0 (0) - .04

Data shown are median [IQR] for continuous data and % (No.) for categorical data.  

Abbreviations: BSID-III, Bayley Scales of Infant Development, 3rd Edition; CP, cerebral palsy; GBS, group B Streptococcus; GMFCS, Gross Motor Function Classification System; HINE, 
Hammersmith Infant Neurological Examination; iGBS, invasive group B Streptococcus; IQR, interquartile range; NDI, neurodevelopmental impairment; RR, risk ratio.  
aGeneralized Hodges-Lehmann median differences for continuous data and RR for categorical data for the iGBS cohort using the comparison cohort as the reference group.  
bWilcoxon rank-sum test for continuous variables, Fisher exact test for categorical variables.  
cModerate–severe NDI defined as a BSID-III score greater than 2 SDs below the mean of the comparison cohort, in any BSID-III domain of the comparison cohort (cognitive score <77, 
language <74, motor <78).  
dAny NDI defined as any of BSID-III domain score  ≥2 SDs below the mean of the comparison cohort, HINE <67, and/or GMFCS level 3–5.  
eMissing data for 2 participants in the iGBS cohort for growth medians as they were measured at 12 months (did not attend at 24 months).
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Two (33%) had isolated impairment in the cognitive and lan-
guage domains only. Three (50%) had visual impairment and 
hearing impairment, 1 with severe visual impairment bilateral-
ly; all 3 also had cerebral palsy. None had seizures reported by 
their caregiver at 24 months. One (6%) had severe 
microcephaly.

DISCUSSION

Our paper reports some of the only data on early childhood 
neurodevelopmental outcomes after GBS sepsis among chil-
dren in Uganda. We found that iGBS survivors were more 
likely to have neurodevelopmental difficulties and adverse nu-
tritional outcomes when compared with non-iGBS children. 
Among iGBS survivors, around a third had neurodevelopmen-
tal impairment, largely bilateral spastic cerebral palsy or mod-
erate global developmental disability without cerebral palsy. 
Among those with cerebral palsy, all had severe undernutrition 
and some degree of visual and hearing impairment, with sub-
stantial long-term implications for the child and family.

A systematic review in 2017 identified 5 studies reporting 
neurodevelopmental outcomes in iGBS survivors, including 
among infants with GBS meningitis; a meta-analysis could 
not be performed for survivors of GBS sepsis due to limited 
data available [9]. Two cohorts included were unpublished: a 
South African cohort (median year of data collection, 2014) 
and a UK cohort (2015) reported moderate–severe NDI in 
7.1% (5/70) and 1.6% (1/61), respectively. The remaining 3 
identified studies were small historical cohorts from the 
1970s in high-income countries (HICs), showing no, or very 
low, prevalence of NDI among survivors, perhaps due to lower 
rates of survival at that time [26, 27].

More recently, 2 from LMICs reported neurodevelopmental 
outcomes in survivors of iGBS, which were more consistent 
with our findings: A Mozambique study (2000–2019) found 
that 13% (5/39) had moderate–severe NDI, 5% (2) had severe 
hearing impairment, and 3% (1) had mild visual impairment 
[28]. However, children <5 years were assessed using the 
Malawi developmental assessment tool, which is primarily an 
early child development screening tool rather than a compre-
hensive assessment. A South African study found that 13.9% 
(6/43) of GBS sepsis/meningitis survivors had moderate–severe 
NDI at 5–8 years of age, compared with 4.3% [5] in the compar-
ison cohort [29]. Two other LMIC studies reporting neurode-
velopmental outcomes in iGBS survivors were a small Indian 
study (2006–2018), which found conversely a lower proportion 
of iGBS survivors with moderate–severe NDI (1/35, 2.9%) 
compared with the comparison cohort (3/65, 4.6%) using stan-
dardized assessments at 1–14 years [30] and a multicountry 
LMIC study that assessed emotional and behavioral outcomes 
in Argentina, India, Kenya, Mozambique, and South Africa us-
ing the Child Behaviour Checklist at 18 months–17 years [31]; 

in 106 school-aged children, emotional behavioral problem 
scores were significantly higher in iGBS survivors than compar-
ators, though in preschool-aged children there was no differ-
ence [31].

Population-level studies reporting neurodevelopmental out-
comes after iGBS from HICs all report lower prevalence of 
NDI than was seen in our case cohort, but such studies have sev-
eral features limiting comparability. A Danish cohort study 
(1997–2017) found that of 1561 children with a diagnosis of 
GBS, 3.9% had moderate to severe NDI at 7–18 years of age 
[32]. However, non-culture-proven GBS cases were included, 
and International Classification of Diseases, 10th Revision 
(ICD-10), codes were used for NDI encompassing a range of 
mental, behavioral, and nervous system disorders, without infor-
mation on how moderate–severe impairment was defined. A UK 
population-based cohort study (1998–2017) of 12 533 infants 
with a diagnosis of GBS found that <1% had cerebral palsy, vi-
sual impairment, or hearing impairment [33]. However, it also 
included non-culture-proven GBS cases, and follow-up was lim-
ited to 1 year. Finally, a population-level cohort study from 
Norway (1996–2019) found, among 866 children with invasive 
GBS sepsis/meningitis who were followed up to between 
20 months and 25 years, that 5.1% developed cerebral palsy, 
4.4% epilepsy, 4.2% hearing impairment, 2.5% intellectual dis-
ability, and 0.8% visual impairment; however, these were as-
signed using ICD-10 codes, which may not be consistent [34].

Comparing survivors of GBS sepsis and GBS meningitis, the 
prevalence of NDI has been reported to be higher after menin-
gitis; 18% had moderate–severe NDI in a 2017 meta-analysis 
(n = 453) [9]. Although the majority of these studies were 
from HICs, with only 3/18 from LMICs (China, Tunisia, 
South Africa), the prevalence remained unchanged when strat-
ified by neonatal mortality rates of ≥5 vs <5 per 1000 live births 
[9]. A UK study found that 11.8% (6/51) of infant GBS menin-
gitis survivors had cerebral palsy compared with 0/68 GBS sep-
sis survivors [35].

Adverse growth outcomes in our study were clustered 
among those with CP and were likely associated with feeding 
difficulties and dysphagia, rather than iGBS directly. This was 
also seen in a Ugandan study of infants with neonatal encephalop-
athy (NE) and a comparison cohort, followed up to 27–30 months 
of age; undernutrition was significantly more likely in NE survivors 
than comparators (risk ratio [RR], 2.7); however, this increased 
risk was driven by those who had NDI (RR, 12.1 comparing those 
with NDI vs those without NDI, among NE survivors).

Strengths and Limitations

To our knowledge, this is the first study with 2-year neurodeve-
lopmental outcomes after culture-proven invasive GBS infec-
tion among a facility-born cohort in Uganda. With data on 
comparison children in a 3:1 ratio, we were able to explore dif-
ferences in characteristics and outcomes of children who had 
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iGBS in early infancy, compared with those who did not. 
Neurodevelopmental assessment was performed using com-
prehensive tools and was not dependent on parent report or 
other subjective measures.

The use of standard BSID-III cutoff scores in this population 
classified a very high proportion of comparison children as hav-
ing moderate disability (60%) (Supplementary Data); therefore, 
we used standard deviations below the mean derived from the 
comparison cohort to define NDI thresholds. Compared with 
other cohorts, the prevalence of moderate–severe NDI in our 
cohort was substantially higher, whether standard or revised 
NDI cutoff values were used. Two of the 16 in the iGBS cohort 
were followed up to only 12 months; however, as they had nor-
mal neurodevelopmental and growth outcomes at 3, 6, and 
12 months, their outcomes would be unlikely to become im-
paired at 24 months. Gestational ages were not known in 
over half of iGBS cases (10/16) and were estimated based on 
birthweight using the Intergrowth 21st charts, which include 
normative values from children in Sub-Saharan Africa. This 
may have affected the accuracy of the BSID-III scores, which 
are based on the corrected age at assessment. However, 8/10 
had a birthweight >2.5 kg, indicating that they were term and 
did not need age correction. For the preterm cases, their scores 
were not borderline, and therefore classification of NDI was 
unlikely impacted by the estimated gestations.

Limitations include the size of the cohort, limiting the anal-
ysis and interpretation of findings, which meant we were un-
able to explore risk factors associated with adverse outcomes. 
Four (19%) participants recruited to the iGBS cohort were 
lost to follow-up, which led to loss of matching for 4 compar-
ison cohort infants. However, of these, baseline demographic 
characteristics were not significantly different from those in-
cluded in the analysis, including gestational age on which co-
horts were matched. While this study focused on infants with 
blood culture–positive GBS sepsis, identifying those with 
GBS meningitis would have been valuable when considering 
risk of NDI outcomes; however, in this setting, it was not fea-
sible to perform lumbar puncture for all neonates with suspect-
ed sepsis, and therefore not possible to confirm cases of GBS 
meningitis. Generalizability may be limited by the study sites 
being 2 tertiary referral hospitals in the capital city of 
Uganda. Our use of study-specific BSID-II assessment cutoffs 
for definition of NDI determined from the comparison cohort 
in this LIC setting may limit generalizability; however, we have 
also presented results using standardized cutoffs in the 
Supplementary Data (A and B).

CONCLUSIONS

In our Ugandan cohort, a high proportion (31%) of survivors of 
culture-proven iGBS had moderate–severe NDI at 2 years, 
higher than that reported in other cohorts, whether HIC or 

LMIC. While interpretation is limited by the small cohort 
size, our data add to a key evidence gap for neurodevelopmen-
tal outcomes after iGBS, particularly from LMICs. Our findings 
suggest that survivors of iGBS in early infancy should be in-
cluded in long-term follow-up programs to monitor for evolv-
ing developmental disability and initiate timely referrals to 
support services. In LMICs, improved follow-up pathways 
and support services for children with NDI are needed.

Supplementary Data
Supplementary materials are available at Open Forum 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 correspond-
ing author.
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