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Background.  Preterm birth and neonatal infections are both associated with mortality and long-term neurodevelopmental im-
pairments (NDIs). We examined whether the effect of invasive group B Streptococcus disease (iGBS) on mortality and long-term NDI 
differs for preterm and term infants, and whether co-occurrence of iGBS and prematurity leads to worse outcome.

Methods.  Nationwide cohort studies of children with a history of iGBS were conducted using Danish and Dutch medical data-
bases. Comparison cohorts of children without iGBS were matched on birth year/month, sex, and gestational age. Effects of iGBS on 
all-cause mortality and NDI were analyzed using Cox proportional hazards and logistic regression. Effect modification by prematu-
rity was evaluated on additive and multiplicative scales.

Results.  We identified 487 preterm and 1642 term children with a history of iGBS and 21 172 matched comparators. Dutch pre-
term children exposed to iGBS had the highest mortality rate by 3 months of age (671/1000 [95% CI, 412–929/1000] person-years). 
Approximately 30% of this mortality rate could be due to the common effect of iGBS and prematurity. Preterm children with iGBS 
had the highest NDI risk (8.8% in Denmark, 9.0% in the Netherlands). Of this NDI risk 36% (Denmark) and 60% (the Netherlands) 
might be due to the combined effect of iGBS and prematurity.

Conclusions.  Prematurity is associated with iGBS development. Our study shows that it also negatively impacts outcomes of 
children who survive iGBS. Preterm infants would benefit from additional approaches to prevent maternal GBS colonization, as this 
decreases risk of both preterm birth and iGBS.
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KEY FINDINGS

1. WHAT IS KNOWN AND WHAT IS NEW?
Group B Streptococcus (GBS) carriage is a risk factor for 
premature birth as well as for invasive GBS disease (iGBS). 
Both prematurity and infections are leading causes of ne-
onatal mortality and morbidity worldwide. An important 

knowledge gap exists regarding the combined influence of 
prematurity and iGBS. In particular, data are lacking on 
the risk of long-term neurodevelopmental impairments 
(NDIs) after iGBS in term and preterm children.
2. WHAT DID WE DO AND WHAT DID WE FIND?
National healthcare databases in Denmark (1997–2017) 
and the Netherlands (2000–2017) were used to generate a 
cohort of 487 preterm and 1642 term children with a his-
tory of iGBS and a comparison cohort of 21 172 children 
without iGBS (4752 preterm and 16 420 term children) to 
study mortality and long-term neurodevelopmental out-
comes. Compared with term children without an iGBS 
history, higher risks of NDIs and need for educational 
support were observed in preterm children without iGBS, 
in term children with iGBS, and in preterm children with 
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Advances in perinatal care have led to improved survival of pre-
mature infants. Prematurity is a major public health problem in 
all countries, occurring in 5–18% of all births [1, 2]. Improving 
long-term outcome of children born preterm has become a 
global priority [3]. Preterm infants are at higher risk of neonatal 
death [4, 5] and long-term neurological outcome disorders 
spanning the motor, sensorial, cognitive, and behavioral do-
mains [6, 7]. While group B Streptococcus (GBS; Streptococcus 
agalactiae) colonization increases the risk of preterm birth [8], 
prematurity is also a known risk factor for bacterial infections 
during infancy, including both early- and late-onset GBS di-
sease [8–10]. Invasive GBS disease (iGBS) in itself is associated 
with a considerable risk of mortality [11, 12] and long-term 
sequelae: iGBS survivors experience higher risk of long-term 
neurodevelopmental impairments (NDIs). Based on a meta-
analysis [13], on average, 18% (95% confidence interval [CI], 
13–22%) of children have been diagnosed with moderate or se-
vere NDIs after GBS meningitis. A recent cohort study found 
that 3.9% of children were diagnosed with moderate or severe 
NDI after GBS sepsis [14]. Besides the fact that infants with 
iGBS will more often be preterm, the co-occurrence of these 2 
conditions might lead to particularly poor outcomes. However, 
despite these potentially severe consequences for the lives of 

preterm children with iGBS, the extent to which prematurity 
modifies iGBS-linked outcomes remains to be quantified.

This paper is part of a series Every Country, Every Family: 
Group B Streptococcal Disease Worldwide. Our current object-
ives are as follows: (1) describe the clinical characteristics of term 
and preterm children with iGBS infection, (2) examine the effect 
of iGBS on mortality by prematurity status and the effect of iGBS 
and prematurity on death using a common reference category, and 
(3) estimate the effect of iGBS on NDIs by prematurity and the ef-
fect of iGBS and prematurity on long-term NDI outcomes using 
a common reference category. Our overarching goal is to improve 
clinical care by identifying clinically relevant factors that explain 
variation in the health outcomes of children with iGBS. As part of 
this effort, another paper in this series focuses on the influence of 
sex on the long-term outcomes after iGBS (Kassel et al) [15].

METHODS

Study Design

We used Danish population-based medical and administrative 
registries (covering the years 1997–2017) and Dutch population 
and bacterial surveillance registries (covering the years 2000–
2017) to conduct nationwide matched cohort studies, as previ-
ously described [14]. Children with iGBS were defined as having 
a history of iGBS (GBS sepsis or meningitis) by the age of 89 days 
(Figure 1). In Denmark, which has a free, tax-supported health-
care system [16, 17], these children were identified based on 
International Classification of Diseases, 10th revision (ICD-10), 
codes of discharge diagnoses from the Danish National Patient 
Registry (Supplementary Table 1) [18–20]. This registry contains 
data on dates of admission and discharge from all Danish hos-
pitals, emergency room visits, and outpatient clinic visits since 
1995. In the Netherlands, children with iGBS were defined as 
those with cerebrospinal fluid and/or a blood culture positive for 
GBS, identified through the Netherlands Reference Laboratory 
for Bacterial Meningitis. This laboratory receives from microbi-
ology laboratories approximately 90% of isolates cultured from 
the blood or cerebrospinal fluid of infants with invasive infec-
tion [21, 22]. Children without a history of iGBS were randomly 
selected to form a comparison cohort matched 10:1 with cases 
on sex, birth year/month, and gestational age (<28 weeks, 28–36 
weeks, and ≥37 weeks) using the Danish Medical Birth Registry 
and the Danish Civil Registration System in Denmark and the 
PeriNed perinatal registry and the Municipal Personal Records 
Database in the Netherlands [23, 24].

Outcome Data

Our first objective was to examine clinical characteristics of 
term and preterm children with iGBS. For each child, informa-
tion on sex, year of birth, iGBS clinical syndrome (meningitis, 
sepsis), and gestational age was obtained from the population 

iGBS at the ages of 5 and 10 years. We found that prema-
turity influences the effect of iGBS history on NDI risk: 
36% (Denmark) and 60% (the Netherlands) of the risk in 
preterm children with iGBS could be due to the combined 
effect of iGBS and prematurity.
3. WHAT TO DO NOW IN PROGRAMMES?

Preterm infants are at increased risk of early mortality 
and long-term NDIs. These risks are amplified after con-
tracting iGBS. This is particularly worrying as prematurity 
has been associated with increased risk of developing iGBS 
itself, and GBS colonization is a risk factor for preterm 
birth. Approaches to preventing, treating, and improving 
follow-up of infants with iGBS could be particularly bene-
ficial for preterm infants.
4. WHAT NEXT FOR RESEARCH?

Prematurity and iGBS are global public health problems. In 
low- and middle-income countries, the burden of prematu-
rity and iGBS is higher than in affluent countries and they 
may co-occur more often. Data from resource-limited set-
tings are needed to better understand how these conditions 
impact each other’s effect on children’s health. Recent esti-
mates of the global burden of iGBS highlight the importance 
of quantifying long-term sequelae, since they have a signifi-
cant impact on affected children and families. Therefore, ad-
dressing this data gap is all the more urgent.
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registries described above. In the Netherlands, iGBS was cat-
egorized as either early onset (at the age of 0–6  days) or late 
onset (at the age of 7–89 days). In Denmark, the timing of di-
sease onset could not be reliably determined by the date of ad-
mission for children with late-onset iGBS because they could 
have already been admitted to the hospital for other reasons 
before developing the infection. The second objective was to 
study the effect of iGBS on mortality by prematurity and to ana-
lyze the combined effect of iGBS and prematurity on death. The 
Danish Civil Registration System [19] and the Dutch Municipal 
Personal Records Database [23] were used to assess all-cause 
mortality during the first 89 days and the first 5 years of life. 
The third objective was to examine the effect of iGBS on NDIs 
by prematurity and to analyze the effect of iGBS and prema-
turity on long-term NDI outcomes using a common reference 
category. In Denmark, diagnoses of NDI were based on ICD-
10 codes, obtained from the Danish National Patient Registry 
[20]. Motor, hearing, vision, cognitive, and social/behavioral 
domains were studied and impairments were categorized by 
severity (mild/moderate/severe). This registry records infor-
mation mainly on severe cases, omitting children with milder 
forms of NDI monitored only by the school system or by ge-
neral practitioners. In the Netherlands, we used data on special 
educational support recorded in national school registries as a 
surrogate marker for NDI. Children who received education in 
special-needs schools were classified as having “moderate/se-
vere NDI” and those who received additional support in regular 
schools were classified as having “mild NDI.” Detailed defin-
itions of outcome variables have been provided in a previous 
publication [14].

Statistical Analyses

Results of descriptive analyses and outcome data are presented 
for each country separately. All children were followed from 
birth until death, emigration, or until the end of the study (31 

December 2017), whichever occurred first. We assessed overall 
mortality by calculating mortality risk during the first 3 months 
and the first 5 years of life and mortality rates per 1000 person-
years. Hazard ratios (HRs) and 95% confidence intervals (CIs) 
were estimated using Cox proportional hazards regression 
after adjusting for sex and birth year. We evaluated the extent 
to which gestational age modified the effect of iGBS on overall 
mortality on both additive and multiplicative scales (Objective 
2, Supplementary Table 2) [25, 26]. Effect modification on the 
additive scale was examined using mortality rates, first by cal-
culating the interaction contrast and then by estimating HRs 
based on the common reference group of non-iGBS term chil-
dren (analyses with a common reference group). An interaction 
contrast is a measure of the departure of mortality rates from 
an additive model. It is calculated as the difference between rate 
differences in strata with and without prematurity, as follows: 
interaction contrast = (mortality rateiGBS, preterm – mortality ratenon-

iGBS, preterm) – (mortality rateiGBS, term – mortality ratenon-iGBS, term).  
In addition, we calculated attributable proportions (= interac-
tion contrast/mortality rate in preterm children with iGBS), 
which measure the proportion of the mortality risk in preterm 
children with iGBS due to the combined effect of iGBS and pre-
maturity. On the multiplicative scale, a modification occurs if 
relative association measures (ie, HRs) between exposure and 
outcome vary by strata of a third variable. We therefore per-
formed stratified analyses by gestational age and assessed the 
effect modification on the multiplicative scale by including the 
product term (gestational age × iGBS) in multivariable Cox 
regression models.

Risks of NDI and need for special education were assessed at the 
ages of 5 and 10 years. The analyses included only those children 
followed until at least the corresponding cutoff age. The associa-
tion between iGBS and NDI was assessed using logistic regression 
models; estimated odds ratios (ORs) were adjusted for year of birth 
and sex. We assessed whether gestational age modified the effect of 

Figure 1.  Flowchart of study population selection in Denmark (A) and the Netherlands (B). Abbreviations: iGBS, invasive group B Streptococcus disease; ICD-10, International 
Classification of Diseases, 10th revision; IQR, interquartile range; NDI, neurodevelopmental impairment.
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iGBS on NDI outcomes on both additive and multiplicative scales 
(objective 3). Effect modification on the additive scale was exam-
ined by calculating the relative excess risk due to interaction (RERI), 
using the common reference group of term non-iGBS children 
(RERI = ORiGBS, preterm – ORiGBS, term – ORnon-iGBS, preterm + 1). In addition, 
we calculated attributable proportions (= RERI/ORiGBS, preterm). We 
analyzed the association between iGBS and NDI outcomes strati-
fied by gestational age and assessed the effect modification on the 
multiplicative scale by including the product term “gestational age 
× iGBS” in the logistic regression models.

Analyses were conducted using SAS version 9.4 (Denmark; 
SAS Institute) and SPSS Statistics version 25.0 (IBM Corporation) 
and STATA version 16 (The Netherlands; StataCorp).

RESULTS

Objective 1: Clinical Characteristics of iGBS and Non-iGBS Children

We identified 2129 children with a history of iGBS, of whom 
487 (22.9%) were born preterm (ie, before 37 weeks of ges-
tation) and 1642 (77.1%) were born term (Table 1). Late-
onset iGBS was more common in preterm children (95/181 
[52.5%]) compared with term children (157/516 [30.4%]) in 
the Netherlands.

Objective 2: Mortality

In Denmark, 1.2% (95% CI, .7–2.1%) of term and 6.5% (95% 
CI, 4.3–9.9%) of preterm children with iGBS died within 

3  months after birth, compared to .1% (95% CI, .1–.2%) 
of term and 7.5% (95% CI, 6.6–8.5%) of preterm children 
without iGBS (Table 2). In the Netherlands, mortality risks 
in the iGBS cohort were higher, as 5.0% (95% CI, 3.3–7.1%) 
of term and 15.5% (95% CI, 10.0–20.4%) of preterm children 
with iGBS died within 3 months after birth, compared to .2% 
(95% CI, .1–.3%) and 6.4% (95% CI, 5.1–7.4%) of children 
without iGBS, respectively.

In the analysis of mortality among term children, we found 
that children with an iGBS history were more likely to die 
than their non-iGBS–matched comparators (HR, 5.2 [95% 
CI, 2.9–9.5] by 5  years of age in Denmark; HR, 18.2 [95% 
CI, 9.5–34.8] by 5 years of age in the Netherlands) (Table 2). 
In the Netherlands, preterm children with a history of iGBS 
were more likely to die compared to preterm children without 
iGBS (HR, 2.2; 95% CI, 1.4–3.3). In Denmark, this associ-
ation was not observed (HR, .9; 95% CI, .6–1.4). The mag-
nitude of the association was substantially reduced in both 
countries (Table 2). As suggested from the results described 
above (stratified analyses), there was evidence for effect mod-
ification by prematurity on a multiplicative scale in both 
countries (P values <.0001 at ages of 3 months and 5 years).

Compared with a common reference category of non-
iGBS term children, all other categories were associated 
with higher mortality rates in the first 5 years of life (Table 
2). In the Netherlands there was evidence for effect modi-
fication on the additive scale: Dutch preterm children with 

Table 1.  Characteristics of Preterm and Term Children With iGBS and Members of Matched Comparison Cohorts in Denmark and the Netherlands

Denmark The Netherlands

 Preterm Term Preterm Term

 non-iGBS iGBS non-iGBS iGBS non-iGBS iGBS non-iGBS iGBS

Total 2951 (100) 306 (100) 11 260 (100) 1126 (100) 1801 (100) 181 (100) 5160 (100) 516 (100)

Period         

  1997–1999 573 (19.4) 60 (19.6) 2430 (21.6) 243 (21.6) … … … …

  2000–2005 1026 (34.8) 105 (34.3) 3570 (31.7) 357 (31.7) 454 (25.2) 46 (25.4) 1170 (22.7) 117 (22.7)

  2006–2011 861 (29.2) 89 (29.1) 2760 (24.5) 276 (24.5) 477 (26.5) 48 (26.5) 1620 (31.4) 162 (31.4)

  2012–2017 491 (16.6) 52 (17.0) 2500 (22.2) 250 (22.2) 870 (48.3) 87 (48.1) 2370 (45.9) 237 (45.9)

Sex         

  Male 1609 (54.5) 166 (54.2) 6260 (55.6) 626 (55.6) 950 (52.7) 95 (52.5) 2930 (56.8) 293 (56.8)

  Female 1342 (45.5) 140 (45.8) 5000 (44.4) 500 (44.4) 851 (47.3) 86 (47.5) 2230 (43.2) 223 (43.2)

Syndrome         

  Meningitis … 46 (15.0) … 122 (10.8) … 46 (25.4) … 152 (29.5)

  Sepsis … 260 (85.0) … 1004 (89.2) … 135 (74.6) … 364 (70.5)

Onseta         

  EOD (<   week) … … … … … 86 (47.5) … 359 (69.6)

  LOD (≥1 week) … … … … … 95 (52.5) … 157 (30.4)

Gestational age         

  <28 weeks 391 (13.2) 50 (16.3) … … 291 (16.2) 30 (16.6) … …

  28–36 weeks 2560 (86.8) 256 (83.7) … … 1510 (83.8) 151 (83.4) … …

  37+ weeks … … 11 260 (100) 1126 (100) … … 5160 (100) 516 (100)

Data are presented as n (%). Abbreviations: EOD, early-onset disease; iGBS, invasive group B Streptococcus disease; LOD, late-onset disease.
aIn the Netherlands, the first reported date of illness (in most cases the first date a culture was taken [97.4%]) was used to calculate age of onset.
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iGBS had the highest mortality rate in the first 3 months 
of life (671/1000 person-years; 95% CI, 412–929 person-
years), and 30% of this mortality rate could be due to the 
combined effect of iGBS and prematurity (interaction con-
trast: 203; 95% CI, −72, 479). Due to the limited number 
of outcomes in Denmark, effect modification estimates on 
the additive scale were inconclusive.

Similar patterns were observed among children with a his-
tory of GBS sepsis and GBS meningitis and their comparison 
cohorts (Supplementary Table 3).

Objective 3: Neurodevelopmental Impairments and Need for Special 
Educational Support

In Denmark, 3.6% of term children with iGBS and 8.8% of pre-
term children with iGBS were diagnosed with NDIs of any severity 
by the age of 5 years, compared to 1.4% of term children without 
iGBS (OR, 2.7; 95% CI, 1.8–3.9) and to 3.8% of preterm children 
without iGBS (OR, 2.5; 95% CI, 1.5–4.0) (Figure 2, Table 3). In 
the Netherlands, 2.5% of term children with iGBS and 9.0% of 

preterm children with iGBS had NDI by the age of 5 years, com-
pared to 0.8% of term children without iGBS (OR, 3.3; 95% CI, 
1.5–7.0) and to 2.3% of preterm children without iGBS (OR, 4.2; 
95% CI, 1.9–9.0) (Figure 2, Table 3). In both countries, there was 
no evidence of effect modification by prematurity for NDIs on the 
multiplicative scale.

In both countries, a higher risk for NDIs (Denmark) and 
special educational support (The Netherlands) was observed 
in non-iGBS preterm, iGBS term, and iGBS preterm children 
compared with non-iGBS term children, both at the ages of 
5 and 10  years (analyses with a common reference group) 
(Table 3). The effect modification on the additive scale was 
present at the age of 5 in both countries (RERI, 2.5 [95% CI, 
−.8, 5.7] in Denmark and RERI 8.5 [95% CI, −1.6, 18.6] in the 
Netherlands). At this age, 36% (in Denmark) and 60% (in the 
Netherlands) of the NDI risk in preterm children with iGBS 
could be due to the combined effect of iGBS and prematu-
rity (Table 3, Supplementary Figure 1). Our results also pro-
vide evidence for effect modification on the additive scale for 

Table 2.  Effect Modification of Prematurity on the Association Between iGBS and Mortality

Analyses With a Common Reference Group Stratified Analyses

 
Mortality Rate per 

1000 PYs

HRa (95% CI) for iGBS 
Using a Common Ref-

erence Group

Effect Modification on an  
Additive Scale,b Interaction  
Contrast (95% CI); AP, %

HRa (95% CI) for iGBS  
Within Strata of  
Gestational Age

Effect Modification on a 
Multiplicative Scale,b  
P Value of iGBS ×  
Prematurity Term

Denmark      

  0–89 Days      

    non-iGBS/term 4.0 (1.6–6.4) 1.00 (reference) … 1.00 (reference) …

    iGBS/term 51.6 (24.6–78.6) 12.79 (5.81–28.17) … 12.81 (5.81–28.21) …

    non-iGBS/preterm 330.6 (287.0–374.2) 79.10 (43.16–144.97) … 1.00 (reference) …

    iGBS/preterm 283.8 (159.4–408.1) 67.88 (32.52–141.71) −94.5 (−229.0, 40.1); N.A. .86 (.54–1.36) <.0001

  0–5 Years      

    non-iGBS/term 0.6 (0.4–0.8) 1.00 (reference) … 1.00 (reference) …

    iGBS/term 3.1 (1.6–4.6) 5.19 (2.84–9.49) … 5.22 (2.85–9.54) …

    non-iGBS/preterm 18.2 (15.9–20.6) 30.15 (20.73–43.87) … 1.00 (reference) …

    iGBS/preterm 16.3 (9.5–23.1) 26.67 (15.44–46.07) −4.4 (−11.8, 2.9); N.A. .88 (.57–1.37) <.0001

The Netherlands      

  0–89 Days      

    non-iGBS/term 7.2 (2.5–11.9) 1.00 (reference) … 1.00 (reference) …

    iGBS/term 206.7 (125.7–287.8) 28.10 (13.12–60.20) … 28.32 (13.22–60.67) …

    non-iGBS/preterm 268.3 (218.4–318.3) 36.51 (18.51–72.02) … 1.00 (reference) …

    iGBS/preterm 671.3 (412.3–929.4) 86.71 (40.63–185.06) 203.4 (−71.7, 478.5); 30% 2.37 (1.54–3.63) <.0001

  0–5 Years      

    non-iGBS/term 0.6 (0.3–1.0) 1.00 (reference) … 1.00 (reference) …

    iGBS/term 12.5 (7.7–17.3) 18.08 (9.44–34.62) … 18.16 (9.48–34.78) …

    non-iGBS/preterm 16.9 (13.8–19.9) 24.26 (13.94–42.23) … 1.00 (reference) …

    iGBS/preterm 41.9 (26.1–57.7) 53.13 (27.85–101.37) 13.2 (−3.6, 30.0); 32% 2.18 (1.44–3.32) <.0001

Abbreviations: AP, attributable proportion; CI, confidence interval; HR, hazard ratio; iGBS, invasive group B Streptococcus disease; N.A., not applicable; PY, person-year.
aHRs were adjusted for birth year and sex.
bEffect modification by gestational age on the additive scale tells us, for example, whether preventative measures are more effective in reducing mortality if applied to preterm or term chil-
dren. While this especially addresses public health–related questions, effect modification on the multiplicative scale is more relevant to pediatricians and other clinicians because it quantifies 
whether relative associations between iGBS and mortality depend on the child’s gestational age. There may be a positive interaction on the additive scale but a negative or null interaction on 
a multiplicative scale, ie, the effect of both prematurity and iGBS on the rate difference scale may exceed the sum of the effects on the rate difference scale of prematurity and iGBS each 
considered separately, while the HR for prematurity and iGBS together may be less than the product of the effects of the 2 factors considered separately.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab774#supplementary-data
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moderate and severe NDIs at age 5 (RERI of 2.4 in Denmark 
and RERI of 9.6 in the Netherlands). Similar patterns were ob-
served among children with history of GBS sepsis and GBS 
meningitis (Supplementary Table 4). In Denmark, domain-
specific data were suggestive of effect modification on the 
additive scale in social and motor domain–related NDIs 
(Supplementary Table 5).

DISCUSSION

It is well established that both prematurity and iGBS are inde-
pendently associated with an increased risk of neonatal mor-
tality and NDIs [7, 14, 27]. To our knowledge, this is the first 
study to assess whether the effect of iGBS on mortality and NDI 
outcomes is different for preterm compared with term infants 
(stratified analyses) and whether the combined effect of iGBS 
and prematurity leads to a worse outcome than would be ex-
pected based on the individual effects of iGBS and prematurity.

In the Netherlands, the effect of being born preterm and 
having iGBS led to a much higher mortality rate than pre-
maturity or iGBS alone. Several biologically plausible factors 
might contribute to this pattern, including immaturity of the 
innate immune system [28] and a less efficient cardiovascular 
response in preterm children, resulting in more frequent he-
modynamic instability during a period of infection [29–31]. 
Another contributing factor is the possible association between 
early-onset sepsis and the risk of intraventricular hemorrhage 
(IVH) [32–34], with mortality rates up to 40% [35]. Our data 
provide evidence for effect modification of mortality after iGBS 
by gestational age, on the additive scale in the Netherlands and 
on the multiplicative scale in both countries. The largest relative 
increase in mortality due to iGBS occurred in term children. 
This is likely due to the higher baseline mortality risk in preterm 

children, since preterm birth is the main global cause of neo-
natal death [36].

A notable difference between the 2 countries was seen in the 
higher mortality rates of children with iGBS in the Netherlands 
than in Denmark. The difference in case definitions might have 
contributed to this: since the identification of iGBS in Denmark 
was based on ICD-10 codes, it is likely that probable iGBS cases 
(ie, without positive culture) were included and it is known that 
mortality in this group is lower than culture-positive GBS cases 
[37]. We also note that a higher proportion of children with 
GBS meningitis was included in the Netherlands and mortality 
is highest in this group. A second difference is that, in contrast 
to the Netherlands, mortality rates in Denmark were highest 
in preterm children without iGBS. This can also be due to dif-
ferences in the study cohorts. In Denmark, children with iGBS 
who died on the day of birth might have been missed.

In both countries, the absolute risk of NDIs was highest in 
children with a history of both prematurity and iGBS: for ex-
ample, in the Dutch cohort by the age of 5  years, out of 100 
preterm children with iGBS history, approximately 9 will be 
diagnosed with NDI (special education needs), with 5 of these 
being linked to effect modification by prematurity. In particular, 
the absolute risk of NDIs after GBS sepsis, the most common 
presentation of iGBS [11], was highest in preterm children. 
Preterm children are at increased risk of IVH, while associ-
ations between infection and IVH have also been reported. 
A recent meta-analysis showed an increased risk of moderate to 
severe NDIs among survivors of mild IVH (adjusted OR, 1.32; 
95% CI, 1.09–1.77) [38]. In both countries, preterm children 
with GBS meningitis had the highest risk of moderate or severe 
NDI. This corresponds to the results of the meta-analysis on 
NDIs after GBS disease conducted by Kohli-Lynch et  al [13]. 

Figure 2.  Proportion of children with neurodevelopmental impairments in Denmark and the Netherlands among 5-year survivors (A) and 10-year survivors (B). Abbreviations: 
iGBS, invasive group B Streptococcus; iGBS-m, iGBS meningitis; iGBS-s, iGBS sepsis.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab774#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab774#supplementary-data
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Table 3.  Effect Modification of Prematurity on Neurodevelopmental Impairment Outcomes after iGBS

Analyses With a Common Reference Group Stratified Analyses

 
NDI Proportion,% 

(95% CI)

ORa (95% CI) for iGBS 
Using a Common Ref-

erence Group

Effect Modification on 
an Additive Scale,b RERI 

(95% CI); AP, %

ORa (95% CI) for iGBS 
Within Strata of Ges-

tational Age

Effect Modification on a Mul-
tiplicative Scale,b P Value of 

iGBS × Prematurity Term

Denmark      

  5 Years of age      

     Any      

      non-iGBS/term 1.4 (1.2–1.7) 1.00 (reference) … 1.00 (reference) …

      iGBS/term 3.6 (2.5–5.1) 2.65 (1.81–3.89) … 2.65 (1.81–3.89) …

      non-iGBS/preterm 3.8 (3.0–4.7) 2.78 (2.11–3.67) … 1.00 (reference) …

      iGBS/preterm 8.8 (5.6–13.0) 6.89 (4.30–11.04) 2.46 (−.77, 5.68); 36% 2.47 (1.52–4.04) .83

    Mod-sev      

      non-iGBS/term .8 (.6–1.0) 1.00 (reference) … 1.00 (reference) …

      iGBS/term 2.5 (1.6–3.7) 3.34 (2.08–5.38) … 3.35 (2.08–5.39) …

      non-iGBS/preterm 2.4 (1.8–3.1) 3.23 (2.26–4.62) … 1.00 (reference) …

      iGBS/preterm 5.6 (3.1–9.2) 7.95 (4.41–14.34) 2.38 (−2.24, 6.99); 30% 2.45 (1.34–4.48) .44

  10 Years of age      

     Any      

      non-iGBS/term 4.8 (4.3–5.3) 1.00 (reference) … 1.00 (reference) …

      iGBS/term 8.9 (6.9–11.3) 1.97 (1.48–2.62) … 1.97 (1.48–2.62) …

      non-iGBS/preterm 8.2 (6.9–9.6) 1.79 (1.46–2.20) … 1.00 (reference) …

      iGBS/preterm 12.3 (8.0–17.9) 2.84 (1.80–4.46) .07 (−1.32, 1.47); 2.5% 1.58 (.99–2.54) .44

    Mod-sev      

      non-iGBS/term 2.0 (1.7–2.4) 1.00 (reference) … 1.00 (reference) …

      iGBS/term 4.1 (2.7–5.9) 2.08 (1.37–3.15) … 2.08 (1.37–3.15) …

      non-iGBS/preterm 4.2 (3.3–5.2) 2.10 (1.57–2.80) … 1.00 (reference) …

      iGBS/preterm 7.0 (3.8–11.6) 3.60 (1.99–6.50) .43 (−1.82, 2.67); 12% 1.72 (.93–3.17) .62

The Netherlands      

  5 Years of age      

     Any      

      non-iGBS/term .8 (.5–1.1) 1.00 (reference) … 1.00 (reference) …

      iGBS/term 2.5 (1.1–4.7) 3.26 (1.52–6.98) … 3.27 (1.53–7.00) …

      non-iGBS/preterm 2.3 (1.5–3.5) 3.35 (1.93–5.83) … 1.00 (reference) …

      iGBS/preterm 9.0 (4.4–15.9) 14.10 (6.60–30.14) 8.49 (−1.57, 18.55); 60% 4.17 (1.92–9.04) P = .65

    Mod-sev      

      non-iGBS/term .4 (.3–.7) 1.00 (reference) … 1.00 (reference) …

      iGBS/term 2.2 (1.0–4.3) 5.08 (2.16–11.97) … 5.10 (2.16–12.02) …

      non-iGBS/preterm 2.0 (1.3–3.1) 5.00 (2.59–9.64) … 1.00 (reference) …

      iGBS/preterm 7.2 (3.2–13.7) 18.68 (7.77–44.93) 9.61 (−5.20, 24.41); 51% 3.71 (1.60–8.64) .62

  10 Years of age      

     Any      

      non-iGBS/term 5.2 (4.3–6.3) 1.00 (reference) … 1.00 (reference) …

      iGBS/term 11.8 (7.6–17.2) 2.48 (1.53–4.03) … 2.49 (1.53–4.06) …

      non-iGBS/preterm 10.0 (7.6–12.8) 2.21 (1.55–3.13) … 1.00 (reference) …

      iGBS/preterm 22.8 (15.5–39.7) 6.28 (3.21–12.31) 2.60 (−1.64, 6.83); 41% 2.78 (1.39–5.56) .75

    Mod-sev      

      non-iGBS/term 2.7 (2.1–3.5) 1.00 (reference) … 1.00 (reference) …

      iGBS/term 6.7 (3.6–1.1) 2.58 (1.37-4.85) … 2.60 (1.38–4.89) …

      non-iGBS/preterm 5.7 (3.9–8.0) 2.39 (1.51-3.79) … 1.00 (reference) …

      iGBS/preterm 17.5 (8.8–29.9) 9.07 (4.23–19.44) 5.10 (−1.67, 11.86); 56% 3.68 (1.68–8.09) .46

Abbreviations: AP, attributable proportion; CI, confidence interval; iGBS, invasive group B Streptococcus disease; mod-sev, moderate–severe; NDI, neurodevelopmental impairment; OR, 
odds ratio; RERI, relative risk due to interaction.
aORs were adjusted for birth year and sex.
bEffect modification by gestational age on the additive scale indicates whether preventative measures are more effective in reducing NDI risk if applied to preterm or term children. While 
this especially addresses public health–related questions, effect modification on the multiplicative scale is more relevant to pediatricians and other clinicians because it quantifies whether 
relative associations between iGBS and NDI risk depend on the child’s gestational age. There may be a positive interaction on the additive scale but a negative or null interaction on a multipli-
cative scale, ie, the effect of both prematurity and iGBS on the risk difference scale may exceed the sum of the effects on the risk difference scale of prematurity and iGBS each considered 
separately, while the OR for prematurity and iGBS together may be less than the product of the effects of the 2 factors considered separately.
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However, this meta-analysis did not report results by prematu-
rity and most of the studies included had fewer than 2 years of 
follow-up time. Our data provide evidence for effect modifica-
tion of the risk of NDIs after iGBS by prematurity, on the addi-
tive scale in both countries.

The strengths of our study to address this important epidemi-
ological question include its large sample size, its large number 
of comparator children without a history of iGBS, a multina-
tional design, and long-term follow-up until adolescence. In 
particular, since assessment of effect modification involves es-
timation of effects in different strata (eg, in term and preterm 
children) a large cohort size is necessary. Another strength of 
our design is the different NDI definitions used in each study 
country. While the Danish results represent patients diagnosed 
with NDI in a hospital setting, the use of need for special edu-
cational support in the Netherlands can be interpreted as both 
a proxy for NDI, as well as a relevant functional outcome in its 
own right. Use of need for special education as a surrogate for 
NDI is supported by many studies that show that some early-life 
medical conditions increase the risk for both NDIs and need for 
special education [39–41].

The limitations of our study involve the differences in expo-
sure (ie, GBS disease) ascertainment and missing information. 
Indeed, 1 concern is the difference in diagnosis of iGBS in the 
2 countries: while ICD-10 codes were used in Denmark, only 
culture-positive infections were included in the Netherlands. 
In addition, children with iGBS who died on the day of birth 
might have been missed in both countries. Another limitation 
is that the number of very preterm children (gestational age <28 
weeks) was small (50 children with iGBS in Denmark and 30 in 
the Netherlands). Data on gestational age in Denmark were re-
trieved from the Danish Medical Birth Registry, where missing 
data on gestational age at delivery decreased from 8% in 1997 to 
1% in 2001 and has remained constant at that level since then. 
In the Netherlands, data on gestational age from the PeriNed 
perinatal registry were available only for children born during 
2000–2017. Therefore, 5% of children with iGBS had to be ex-
cluded. Last, we did not control for other possible confounders, 
such as socioeconomic factors.

Group B Streptococcus colonization is associated with pre-
term birth [8], and preterm children are also at increased 
risk of GBS infection [9, 10]. Therefore, preventing GBS 
colonization has a double rationale: it decreases the risk of 
preterm birth and the risk of iGBS in newborns, including 
preterm infants, at the same time. The only prevention 
strategy currently available for iGBS is intrapartum antibi-
otic prophylaxis (IAP). However, this has no effect on GBS 
colonization and therefore does not prevent preterm births. 
Also, while prematurity is a major risk factor for late-onset 
iGBS, IAP does not prevent and might even increase the risk 
of late-onset infection [42, 43]. An intervention to prevent 

maternal GBS colonization during pregnancy has the poten-
tial to prevent preterm birth as well as iGBS. Methods for 
preventing GBS colonization in pregnant women are being 
developed. Among these are the use of oral probiotics and 
bacteriophages to reduce GBS colonization in pregnant 
women [44–46]. Another promising future strategy to pre-
vent neonatal GBS infections is maternal GBS vaccination 
[47]. Besides preventing early- and late-onset iGBS, a multi-
valent maternal GBS vaccine also has the potential to reduce 
neonatal exposure to GBS by delaying new acquisition of 
maternal colonization [48]. However, transfer of protective 
maternal antibodies is more limited in preterm children [49] 
and this should be considered in studies assessing vaccine 
efficacy.

Conclusions

Preterm children are at increased risk of iGBS and adverse 
outcomes. While NDI risk after iGBS has been previously de-
scribed [14], the effect of prematurity on long-term risk of 
NDIs in children with iGBS had not been studied. Knowledge 
about factors that explain variation in health outcomes of 
children with iGBS is important for clinicians and educators, 
allowing them to improve and personalize clinical care and 
thereby minimize the impact of sequelae. The results of our 
study underscore the distressingly high risk of adverse out-
comes in preterm children with iGBS and emphasize the need 
for preventive strategies countering GBS colonization, thereby 
decreasing the risk of preterm birth and iGBS. Our results 
also provide insights from a public health perspective. Global 
estimates of the GBS burden suggest that long-term sequelae 
linked to iGBS are an important public health problem [12], 
and our findings indicate that this burden is not homoge-
nously distributed, even in a single setting; preterm infants 
are likely to represent an important proportion of worldwide 
NDI cases related to GBS. There is a need to collect and collate 
gestational age–stratified data on long-term outcomes after 
iGBS, especially including low- and middle-income countries. 
In that way, we could better inform global burden estimation 
and cost-effectiveness analyses of new interventions, such as 
maternal GBS vaccines.
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