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s u m m a r y 

Objectives: To characterize outbreaks of invasive Group B Streptococcal (iGBS) disease in hospitals. 

Methods: Systematic review using electronic databases to identify studies describing iGBS out- 

breaks/clusters or cross-infection/acquisition in healthcare settings where ‘cluster’ was defined as ≥2 

linked cases. PROSPERO CRD42018096297. 

Results: Twenty-five references were included describing 30 hospital clusters (26 neonatal, 4 adult) in 

11 countries from 1966 to 2019. Cross-infection between unrelated neonates was reported in 19 clusters 

involving an early-onset ( < 7 days of life; n = 3), late-onset (7–90 days; n = 13) index case or colonized 

infant ( n = 3) followed by one or more late-onset cases (median serial interval 9 days (IQR 3–17, range 

0–50 days, n = 45)); linkage was determined by phage typing in 3 clusters, PFGE/MLST/PCR in 8, WGS 

in 4, non-molecular methods in 4. Postulated routes of transmission in neonatal clusters were via clin- 

ical personnel and equipment, particularly during periods of crowding and high patient-to-nurse ratio. 

Of 4 adult clusters, one was attributed to droplet spread between respiratory cases, one to handling of 

haemodialysis catheters and two unspecified. 

Conclusions: Long intervals between cases were identified in most of the clusters, a characteristic which 

potentially hinders detection of GBS hospital outbreaks without enhanced surveillance supported by ge- 

nomics. 

© 2019 The Authors. Published by Elsevier Ltd on behalf of The British Infection Association. 

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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Streptococcus agalactiae (group B Streptococcus , GBS) is a leading

ause of neonatal sepsis, and of growing public health concern as a

ause of sepsis in adults, particularly the elderly. 1–3 Infant invasive

BS disease is classified as early-onset disease (EOD) if it occurs

uring the first 6 days of life or late-onset disease (LOD) if it de-

elops 7 or more days after birth. The worldwide burden of infant

nd maternal GBS disease is substantial, 4–13 and efforts are under-
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ay to develop vaccines as a preventive measure to replace or sup-

lement antenatal screening and intrapartum antibiotics effective

gainst early but not late-onset disease. 14–17 EOD arises from ver-

ical transmission from a GBS colonized mother to her baby dur-

ng or just before birth, with clinical signs occurring within 48 h

n more than 90% of cases. 18 , 19 Transmission routes for LOD are

oorly understood, 20 the presumption being that late-onset GBS

nfection is acquired postnatally from the mother, a community

ource or hospital environment. 18 , 21 Sources and transmission of

BS infection in adult cases, including nosocomial events, have not
een well characterized. 

n Association. This is an open access article under the CC BY-NC-ND license. 
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Published reports of healthcare-associated GBS clusters typically

describe such events as rare. Our objectives in the present study

were to characterize reported GBS clusters in detail by systematic

review, including patients of all ages without date or language re-

strictions. Our underlying aim was to improve understanding of

nosocomial transmission as a route of infection in late-onset infant

and adult invasive GBS disease, with a view to identifying oppor-

tunities for preventive measures in healthcare settings. 

Methods 

Review protocol and searches 

The protocol for this systematic review and meta-analysis

was defined in advance and registered with PROSPERO

(CRD42018096297). We searched MEDLINE, EMBASE, EMCARE,

COCHRANE, TRIP, SCOPUS, and CINAHL on 24th May 2019 without

date or language restrictions. Full search terms are provided in a

supplementary file (Supplementary Appendices). Where the search

identified relevant systematic reviews, we performed forward

and backward citation searches. Citations were imported into

EndNote (EndNote X8; Clarivate Analytics, Boston, MA 02210,

USA) for de-duplication, and then imported into to EPPI-Reviewer

(EPPI-Reviewer 4; EPPI-Centre Software; Social Science Research

Unit, UCL Institute of Education, London, UK). 

Screening, quality assessment and data extraction 

Screening and quality assessment were conducted indepen-

dently in parallel by two reviewers. References were included if

they described a cluster occurring in a healthcare setting ( ≥2 cases

of invasive GBS described/reported as a ‘cluster’/‘outbreak’ or due

to horizontal transmission, regardless of microbiological confirma-

tion, or familial relatedness). The methodological quality of in-

cluded studies was rated by two reviewers using a 10-item quality

assessment tool adapted from the NIH Quality Assessment Tool for

Observational Cohort and Cross-Sectional Studies (Supplementary

Appendices). 22 Data extraction was by one reviewer, checked by a

second reviewer. 

Analysis 

Key characteristics of each included study were summarized,

including setting, numbers of clusters and cases, intervals be-

tween cases, evidence or microbiological method for linkage (time

and place, serotype, phage type, pulsed-field gel electrophoresis

(PFGE) profile, multilocus sequence typing (MLST), whole genome

sequencing (WGS)), case characteristics, epidemiological investiga-

tions undertaken, and putative routes of transmission. For neonatal

clusters involving late-onset cases, we calculated summary mea-

sures of the serial interval between cases, gestational age, birth-

weight, and age at onset. The serial interval excluded colonized in-

fants unless reported to be the index ‘case’ in a cluster, because

colonization was not reported consistently across studies and its

detection is dependent on active screening. 

Results 

Database searches identified 1356 references and bibliographic

searches identified a further 8 references ( Fig. 1 ). Citation searches

were performed on 6 systematic reviews. Of 192 full text refer-

ences, 25 were included. Quality assessment rated 13 (52%) as

‘good’, 11 (44%) as ‘fair’ and one (a conference abstract) as ‘poor’

quality. Of the 25 references, 22 described hospital clusters of early

or late-onset neonatal GBS and 3 reported adult patient clusters.
Please cite this article as: S.M. Collin, P. Lamb and E. Jauneikaite et a

systematic review, Journal of Infection, https://doi.org/10.1016/j.jinf.201
he 22 neonatal cluster references were categorized as: sibling-

nly cases (twins and triplets); EOD only; LOD only; and mixed

OD and LOD. Summary characteristics and a full textual data syn-

hesis for all included studies are provided in supplementary files

Supplementary Full Data Synthesis and Table S1). 

eonatal GBS disease clusters 

Of the 22 studies describing neonatal GBS disease clusters, 9

ere in the USA, 23–31 9 in Europe (United Kingdom 3, Italy 2, Den-

ark 1, Germany 1, Norway 1, Sweden 1), 32–40 2 in Canada, 41 , 42 

nd one each in Japan 

43 and South Korea ( Table 1 ). 44 Most of the

tudies (17/22) reported clusters occurring in neonatal intensive

are units (NICUs) or special care nurseries; the remainder de-

cribed clusters occurring in or originating from maternity units

n regional, district or community hospitals. There were two re-

orts of LOD in twins 35 and triplets 38 and two references describ-

ng clusters only of EOD 

23 , 34 (see supplementary files). The other

eported clusters involved LOD ( n = 12) or a mix of early and LOD

 n = 6) as described below. 

ate-onset disease clusters 

There were 16 clusters of LOD cases in 12 references

 Table 1 ), comprising 10 reports of single clusters (of 2–5

ases), 25–29 , 39 , 40 , 42–44 one report of 2 clusters (2 and 5 cases), 33 

nd one 4-cluster report (4, 2, 2, and 3 cases). 37 Colonization was

eported in 5/12 references. 25 , 28 , 33 , 37 , 39 In one of the clusters re-

orted by Berardi et al. 33 and in the single cluster described by

orinis et al. 42 index cases were postulated to have arisen from

onsumption of mothers’ breast milk, although the authors of both

tudies emphasized that this was unproven. Inadequate disinfec-

ion of equipment or surfaces as a mechanism of transmission

as suggested in 5 references, 26 , 33 , 37 , 39 , 42 including shared breast

umps. 33 , 37 

Five references suggested transmission via healthcare work-

rs, 25 , 27 , 29 , 33 , 39 , 42 Boyer et al. found that overall GBS carriage

mong nursery staff at the time of the cluster was 34% (18/53),

omprising rectal (16/18), vaginal (13/18) and throat (3/18) car-

iage. 25 Whilst none of the staff isolates matched the phage type

dentified in the two cluster cases, a culture survey conducted one

onth later found 4/15 infants colonized with a phage type car-

ied by 3 staff at the time of the cluster. Steere et al. reported

hat 41% (11/27) of staff who had direct contact with cluster cases

ere GBS-positive (throat, vaginal or urethral, and rectal swabs), of

hom 4 had the cluster serotype. 29 

Poor infection control was mentioned by Kim et al. 44 and Mac-

arquhar et al., the latter specifying deficient cot spacing, inad-

quate staff and family hand hygiene, formula preparation, and

quipment disinfection (including medication pumps and laryngo-

cope blades). 26 Periods of crowding and high patient-to-nurse ra-

io were mentioned in relation to two clusters. 27 , 28 Environmental

amples, when taken, were negative for GBS in two studies 29 , 37 but

ositive from multiple surfaces in a room where 3/5 cases were

ocated in one study. 39 The latter study identified factors poten-

ially facilitating transmission including staff and infants rotating

etween rooms within the NICU and responsibility for cleaning be-

ng shared between neonatal and hospital service staff. 

Jauneikaite et al. were the only authors to use WGS. 37 They re-

orted an initial cluster of 4 cases followed by 3 distinct clusters

ver a 24-month period. The clustered cases represented all but

ne of the LOD cases on the NICU over this period. The authors

oncluded that without enhanced surveillance (instituted after the

rst cluster, including weekly rectal swabs from all neonates) sup-

orted by WGS, subsequent clusters would not have been recog-

ized. The first cluster was recognized mainly because the last
l., Hospital clusters of invasive Group B Streptococcal disease: A 
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Fig. 1. Study selection (PRISMA flow diagram). 
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 of the 4 cases presented on the same day and had the same

ntimicrobial susceptibility profile. The three clinical cases in the

ourth cluster were separated by intervals of 50 and 36 days. They

oted that GBS carriage was rarely detected by rectal screening (in

0/518 admissions in 1 year, of which one was a LOD case). Sim-

larly, Berardi et al. showed that, among all neonates admitted to

 NICU who underwent weekly cultures (throat and rectum) over

he cluster period, 2 infants were not colonized with GBS for pe-

iods of 8 and 12 weeks until onset of LOD, whilst a third infant

as colonized at 40d with LOD onset at 44d. 33 Phylogenetic anal-

sis by Jauneikaite et al. indicated intermixing of adult and neona-

al GBS isolates, showing that adult and neonatal strains origi-

ated from the same genetic pool; these authors recommended

hat a single LOD case in a NICU should be considered sentinel of

 future cluster, prompting enhanced retrospective and prospective

urveillance. 37 

ixed early and late-onset disease clusters 

Of the 6 references with mixed early/late-onset disease clus-

ers, 24 , 30–32 , 36 , 41 3 implicated a single EOD case as the proba-

le index case based on proximity, 24 PFGE profile 32 or shared
Please cite this article as: S.M. Collin, P. Lamb and E. Jauneikaite et a

systematic review, Journal of Infection, https://doi.org/10.1016/j.jinf.201
ealthcare workers. 31 Of the other references, the probable in-

ex case in one was an infant transferred into the unit with

neumonia, 41 whilst two references either did not report the

iming and spacing of the cases 36 or investigated only the LOD

ases. 30 

Band described 3 late-onset cases with identical phage type

ver 2 weeks, 10 days after an early-onset case (whose mother

lso had GBS septicaemia). 24 The EOD case did not have an isolate

vailable for typing, but all the cases had overlapping hospital-

zation and the authors proposed horizontal transmission during

 period of high patient-to-nurse ratio. Similarly, Barbadoro et al.

eported a cluster comprising 3 cases (1 EOD, 2 LOD) over 15

ays where the EOD case had a similar PFGE profile to the 2 LOD

ases. 32 The LOD infants were already in the NICU when the EOD

ase was admitted, and the authors suggested horizontal transmis-

ion via personnel. In a binary cluster described by Winterbauer

t al., the EOD index case was isolated promptly and overlapped

ith the subsequent LOD case by only 1 h, but the same clinician

nd nurse cared for the index case whilst overseeing the delivery

f the second infant. 31 

Al-Maani et al. described a NICU cluster which was flagged by

he hospital microbiology laboratory after GBS was isolated from 5
l., Hospital clusters of invasive Group B Streptococcal disease: A 
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Table 1 

Epidemiological features of hospital clusters of invasive group B streptococcal disease. 

Author Year Country Ref Duration Cases Description a Serotype a Microbiological method a 

Neonatal 

Siblings Elling 2014 Germany 35 27d 2 Twins, each with 2 LOD episodes III (ST17) Serotype 

Olver 2000 England 38 23d 3 Triplets, 2 with single LOD episode, one with 2 

episodes 

III Serotype 

Early onset only Adams 1993 USA 23 8m 23 23 EOD cases (15 in final 3 months) Mixed Serotype 

Cowen 1978 England 34 8m 6 6 EOD cases (3 cases in final month) – None 

Late onset only Åberg 2019 Sweden 39 13w 5 5 LOD + 9 COL (5 LOD in first 9 weeks) Ia (ST23) PFGE + MLST 

Berardi 2018 Italy 33 25d 2 LOD from colonized index case III (ST17) MLST + PCR 

60d 5 3 LOD from index twins (both LOD) III (ST17) MLST + PCR 

Boyer 1980 USA 25 1d 2 2 LOD within 24 hrs (colonized triplets 

probable index) 

III PT 

Holter 2019 Norway 40 60d 4 4 LOD + 6 COL (4 LOD in first 30 days) Ib (ST12) MLST + PCR 

Jauneikaite 2018 England 37 28d 4 4 LOD + 2 COL V (ST1) WGS 

13d 2 2 LOD III (ST17) WGS 

21d 2 2 LOD Ib (ST139) WGS 

86d 3 3 LOD + 2 COL Ia (ST23) WGS 

Kim 2006 S Korea 44 28d 4 4 LOD cases – antibiogram 

MacFarquhar 2010 USA 26 14d 5 5 LOD cases Ia (ST23) PFGE + MLST 

Morinis 2011 Canada 42 42d 3 3 LOD cases – PFGE 

Noya 1987 USA 27 38d 5 5 LOD cases Ib PT 

Snider 2016 USA 28 5d 3 3 LOD cases + 1 COL – n/r 

Steere 1975 USA 29 5d 3 3 LOD cases III Serotype 

Takayanagi 1994 Japan 43 24d 3 3 LOD cases III Serotype 

Early and late onset Al-Maani 2014 Canada 41 53d 6 1 EOD + 5 LOD – PFGE 

Band 1981 USA 24 20d 4 1 EOD + 3 LOD III PT 

Barbadoro 2011 Italy 32 15d 3 1 EOD + 2 LOD – PFGE 

Friis-Møller 1984 Denmark 36 9m 7 5 EOD + 2 LOD + (3 pneumonia, 2 pharyngitis, 3 

omphalitis) 

– None 

Weems 1986 USA 30 11w 10 3 EOD + 7 LOD (3 LOD in 14 days) III Serotype 

Winterbauer 1966 USA 31 7d 2 1 EOD + 1 LOD – None 

Adult 

Baraboutis 2010 Greece 45 1d 2 Haemodialysis patients (2 bacteraemia cases in 

one day) 

– None 

Denton 1993 England 46 9d 3 Patients in oncology unit (3 cases in 9 days); 

all pneumonia 

– None 

Nagano 2012 Japan 47 43d 5 General medical ward; 1 pus, 4 pharyngeal, 2 

tracheal 

VI PFGE 

97d 2 General medical ward; 1 pharyngeal, 1 tracheal VI PFGE 

a COL = colonized; EOD = early onset disease; LOD = late onset disease; HCW = health care worker; ICP = infection prevention & control; MLST = multilocus sequence type; 

PFGE = pulsed-field gel electrophoresis; PT = phage type; ST = sequence type; WGS = whole genome sequencing (Note: Noya et al. reported GBS as serotype Ib/c). 
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infants in a 2-month period, compared with one case in the past

year. 41 Three of the 5 cases were linked: the probable index case

(age 7mo) was transferred into the unit from a peripheral hos-

pital with pneumonia, and GBS was cultured from endotracheal

and tracheostomy tubes; two LOD cases shared a room with the

transferred case, and the GBS strain infecting these 3 infants was

cultured from an environmental sample taken from an alarm si-

lence button. The cluster coincided with a period of high admis-

sions and maximum daily census and was attributed to horizontal

transmission facilitated by inadequate hand hygiene and disinfec-

tion of electronic equipment. 

Weems et al. reported an apparent cluster comprising 7 late-

onset GBS cases in a NICU over an 11-week period. 30 Of the 4/7

LOD cases with isolates, 3 were serotype III from infants cared for

in the same NICU room by a nurse who had been assigned mainly

to these infants during a period of higher-than-average patient-to-

nurse ratio, all of whom had LOD in a 14-day period. However, the

authors concluded from phage typing that horizontal transmission

was unlikely. 

Characteristics of neonatal unit clusters 

Data on serial intervals were available for meta-analysis from

15 references describing 19 clusters whose characteristics were

consistent with horizontal transmission, namely an index case

or colonized infant followed by one or more late-onset cases

without a discordant microbiological profile (Supplementary Table
Please cite this article as: S.M. Collin, P. Lamb and E. Jauneikaite et a

systematic review, Journal of Infection, https://doi.org/10.1016/j.jinf.201
2). 24–27 , 29 , 31–33 , 37 , 39–44 Of the index cases for these 19 clusters, 3

ere colonized, 3 were early-onset and 13 were LOD; there were

5 subsequent LOD cases. Linkage was determined by phage typing

n 3 clusters, PFGE/MLST/PCR in 8, WGS in 4, non-molecular meth-

ds in 4. Median cluster size was 2 (range 1–5) cases, with 16/19

nvolving more than 2 cases; median duration was 24 (range 5–86)

ays. Most clusters (12/19) were comprised entirely of neonates

ho had overlapping hospital stays; overlap could not be discerned

n 6/19 clusters, and 1 cluster comprised 4 non-overlapping infants

orn at a district hospital and subsequently admitted to the same

ICU. 44 

LOD cases in the clusters (including LOD index cases) had a me-

ian gestational age of 27 weeks (IQR 26–32 weeks, n = 31), birth

eight 853 g (IQR 720–1140 g, n = 34) and GBS onset at 44 days of

ife (IQR 24–51, range 7–127 days, n = 23). Serotype was reported

or 14 clusters: 7 were serotype III, 3 were serotype Ia, 3 were Ib,

nd one was serotype V. The median serial transmission interval

as 9 days (IQR 3–17, range 0–50 days, n = 45) ( Fig. 2 ). Of the 19

lusters, 11 (58%) had at least one serial interval of ≥14 days. 

dult GBS disease clusters 

The 4 reported GBS clusters among adult patients occurred in

thens, 45 London, 46 and Tokyo. 47 Baraboutis et al. reported a clus-

er involving two catheter-associated bacteraemia cases occurring

n the same day among outpatients at a haemodialysis unit. 45 The

uthors concluded that GBS was probably transmitted from one
l., Hospital clusters of invasive Group B Streptococcal disease: A 
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Fig. 2. Serial interval between GBS cases in neonatal clusters. a 

a Clusters involving an early-onset, late-onset or colonized index case followed by one or more late-onset cases. 
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atient to the other via the hands of a nurse who had cared for

oth patients, including handling central venous catheters, at their

ast two dialysis sessions prior to diagnosis of invasive GBS. Den-

on et al. described a cluster that occurred over 11 days involving 3

ut of 8 male patients receiving radiotherapy in a 34-bed oncology

nit. 46 All the men had pneumonia (no bacteraemia reported); GBS

as isolated from the sputa of all 3 patients (serial intervals 2 and

 days), and one patient also had S. pneumoniae in his sputum.

he cluster was attributed to droplet spread as the men were being

reated in the same vicinity within the oncology unit. Nagano et al.

eported a cluster involving 8 patients on 3 wards of a general hos-

ital. 47 PFGE typing indicated one cluster of 5 patients (4 of whom

ere on the same ward) with serial intervals of 0, 2, 8, and 33

ays, a second distinct cluster of two patients (both on the same

ard, onset 97 days apart) and one unrelated case. In all cases GBS

as isolated from pharyngeal swabs or tracheal aspirates and had

educed susceptibility to penicillin. The authors did not suggest a

ransmission route. 

iscussion 

This is the first systematic review of group B streptococcal

GBS) disease clusters in healthcare settings. Excluding 2 sibling

nd 2 early-onset only ‘clusters’, we found 21 studies describing 26

ospital clusters in 10 countries over a 50-year period. Most clus-

ers occurred in neonatal intensive care units, involving preterm

nfants, but we also found 4 clusters in adult patients. Although it

as long been known that GBS can spread within hospital nurs-

ries, 48 outbreaks are considered to occur very rarely. Of note, half

f the studies identified were reported in the past 9 years. This
Please cite this article as: S.M. Collin, P. Lamb and E. Jauneikaite et a

systematic review, Journal of Infection, https://doi.org/10.1016/j.jinf.201
ay reflect a genuine increase in frequency due to an expanding

ool of susceptible infants, given improved survival of premature

nd very low-weight babies. 49 It may also reflect improved out-

reak detection through use of more discriminatory microbiologi-

al methods or as result of a general increased awareness of GBS.

ur findings suggest however that hospital GBS clusters are likely

o be under-reported. Of the GBS clusters with evidence of hor-

zontal transmission, intervals between consecutive cases were on

ccasion very long (up to 50 days) with more than half of the clus-

ers having at least one serial interval of 2 weeks or longer. GBS

lusters, particularly those affecting small numbers of patients or

ith long intervals between cases, might therefore go undetected,

specially in the context of the prevailing assumption that such

utbreaks are rare. 41 Serotype III predominated in our reviewed

lusters, representing 42% of clustered late-onset cases, compared

ith 73% worldwide, 4 followed by serotype Ia (24% vs 14% world-

ide). 4 The lower proportion of serotype III isolates in reported

lusters may reflect detection bias because serial detection of cases

ith less common serotypes is more likely to raise suspicion of

ross-infection. 

Factors implicated in late-onset disease clusters included lapses

n infection prevention and control practices (8/17 references), in-

dequate disinfection of equipment and surfaces (6/17, including

hared breast milk equipment 33 , 37 and formula preparation facil-

ties 26 ) and close proximity of cots (7/17); 5/17 references men-

ioned crowding and/or high patient-to-nurse ratio as possible con-

ributory factors. Although most clusters affected neonates whose

ospital stays overlapped, we cannot infer that the outbreaks were

ropagated rather than being spread from a point source. One

tudy reported cases in infants without overlapping stays at the
l., Hospital clusters of invasive Group B Streptococcal disease: A 
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district hospital where they were born, raising suspicion of a po-

tential point source. 44 

The role of persistent GBS carriage in neonatal unit personnel

seeding clusters is a highly sensitive topic which merits further in-

vestigation. Of the studies we reviewed, staff screening was under-

taken in 3 studies (anogenital and throat in 2 studies, throat in

one), with evidence of staff carriage as a potential reservoir iden-

tified in both studies where anogenital and throat samples were

analysed. Interpreting the significance of positive staff screens re-

quires use of highly discriminatory methods, ideally WGS, given

the commonality of carriage in men and women (18% worldwide

in pregnant women). 6 The implications for staff found to be the

source could be far-reaching given the potential difficulty in decol-

onizing gut carriage, but this putative source of infection cannot be

ignored where standard precautions are failing to protect patients. 

Our review identified patient and staff pharyngeal GBS carriage

as a potentially important but overlooked source of infection. Cul-

ture survey results in one of the neonatal cluster studies showed

that, of 7 affected infants, 5 had positive throat cultures as did

3 of 18 personnel on the unit (albeit without confirmed linkage

to the cluster cases). 25 The index case in another neonatal clus-

ter had pneumonia when transferred into the unit, 41 and one of

the four adult clusters was attributed to respiratory transmission

of GBS between patients. 46 Based on these findings and evidence

of respiratory spread of GBS in childcare settings, 50 future inves-

tigation should consider assessing upper respiratory tract carriage

as a possible means of GBS transmission. 

The small number of adult clusters in our review precluded a

meaningful summary. As with neonatal clusters, outbreaks in adult

settings may well go undetected. Given the increasing incidence of

invasive GBS disease in adults, 1 , 2 , 51 further research into clustering

of adult cases based on routinely collected microbiological data is

warranted. 

The strengths of this systematic review are its historical scope,

with references dating back to 1966, and that neonatal clus-

ters were reasonably homogeneous therefore allowing summary

measures to be calculated. The main limitations relate to the

representativeness of published clusters and the generalizability

of cluster characteristics to middle and low-income settings. The

small median cluster size in our review (2 cases) suggests that

larger clusters may not have been disproportionately represented

in the literature, but we cannot infer from our review the ‘true’

distribution of cluster size. The frequency and characteristics of

infant GBS clusters in settings with fewer resources (and fewer

preterm infants surviving to be placed in intensive care) may

differ. An inherent limitation of our review is that, in some

clusters, evidence linking cases or suggesting transmission routes

was non-molecular or was obtained by molecular methods such

as phage typing or antimicrobial susceptibility profiles which are

less discriminatory than methods such as PCR and WGS, therefore

providing putative rather than conclusive evidence. 

Our review highlights the potential for GBS to disseminate

in hospital settings and suggests that outbreaks are likely to be

under-recognized. Improved detection of GBS clusters and inves-

tigation using whole genome sequencing will inform future ap-

proaches to control of GBS transmission in healthcare settings, par-

ticularly within neonatal units. 

Declaration of Competing Interest 

None. 

Acknowledgments 

We would like to thank Anh Tran at Public Health England

Knowledge and Library Services for her assistance with this re-
Please cite this article as: S.M. Collin, P. Lamb and E. Jauneikaite et a

systematic review, Journal of Infection, https://doi.org/10.1016/j.jinf.201
iew, and all study authors who responded to requests for data.

S, EL and TL acknowledge the support of the National Insti-

ute for Health Research Health Protection Research Unit (NIHR

PRU) in Healthcare-Associated Infections and Antimicrobial Resis-

ance at Imperial College in partnership with Public Health Eng-

and (PHE), in collaboration with The Sanger Institute, the Univer-

ity of Cambridge Veterinary School and Imperial College Health

artners. SS is based at Imperial College and also acknowledges the

IHR Imperial Biomedical Research Centre . The views expressed

re those of the author(s) and not necessarily those of the NHS,

he NIHR, the Department of Health or Public Health England. 

unding 

This research did not receive any specific grant from funding

gencies in the public, commercial, or not-for-profit sectors. 

upplementary materials 

Supplementary material associated with this article can be

ound, in the online version, at doi: 10.1016/j.jinf.2019.11.008 . 

eferences 

1. Bjornsdottir ES , Martins ER , Erlendsdottir H , et al. Changing epidemiology of
group B streptococcal infections among adults in Iceland: 1975-2014. Clin Mi-

crobiol Infect 2016; 22 :379e9–16 . 
2. Lamagni TL , Keshishian C , Efstratiou A , et al. Emerging trends in the epidemiol-

ogy of invasive group B streptococcal disease in England and Wales, 1991–2010.

Clin Infect Dis 2013; 57 :682–8 . 
3. Francois Watkins LK , McGee L , Schrag SJ , et al. Epidemiology of invasive group

B streptococcal infections among nonpregnant adults in the United States. JAMA
Intern Med 2019; 179 :2008–16 . 

4. Madrid L , Seale AC , Kohli-Lynch M , et al. Infant group B streptococcal disease
incidence and serotypes worldwide: systematic review and meta-analyses. Clin

Infect Dis 2017; 65 :S160–SS72 . 

5. Le Doare K , O’Driscoll M , Turner K , et al. Intrapartum antibiotic chemoprophy-
laxis policies for the prevention of group B streptococcal disease worldwide:

systematic review. Clin Infect Dis 2017; 65 :S143–SS51 . 
6. Russell NJ , Seale AC , O’Driscoll M , et al. Maternal colonization with group

B streptococcus and serotype distribution worldwide: systematic review and
meta-analyses. Clin Infect Dis 2017; 65 :S100–SS11 . 

7. Hall J , Adams NH , Bartlett L , et al. Maternal disease with group B streptococcus

and serotype distribution worldwide: systematic review and meta-analyses. Clin
Infect Dis 2017; 65 :S112–SS24 . 

8. Tann CJ , Martinello KA , Sadoo S , et al. Neonatal encephalopathy with group B
streptococcal disease worldwide: systematic review, investigator group datasets,

and meta-analysis. Clin Infect Dis 2017; 65 :S173–SS89 . 
9. Kohli-Lynch M , Russell NJ , Seale AC , et al. Neurodevelopmental impairment in

children after group B streptococcal disease worldwide: systematic review and

meta-analyses. Clin Infect Dis 2017; 65 :S190–S1S9 . 
10. Bianchi-Jassir F , Seale AC , Kohli-Lynch M , et al. Preterm birth associated with

group B streptococcus maternal colonization worldwide: systematic review and
meta-analyses. Clin Infect Dis 2017; 65 :S133–SS42 . 

11. Russell NJ , Seale AC , O’Sullivan C , et al. Risk of early-onset neonatal group B
streptococcal disease with maternal colonization worldwide: systematic review

and meta-analyses. Clin Infect Dis 2017; 65 :S152–S1S9 . 

12. Seale AC , Blencowe H , Bianchi-Jassir F , et al. Stillbirth with group B strepto-
coccus disease worldwide: systematic review and meta-analyses. Clin Infect Dis

2017; 65 :S125–SS32 . 
13. Seale AC , Bianchi-Jassir F , Russell NJ , et al. Estimates of the burden of group B

streptococcal disease worldwide for pregnant women, stillbirths, and children.
Clin Infect Dis 2017; 65 :S200–SS19 . 

14. Kim SY , Nguyen C , Russell LB , et al. Cost-effectiveness of a potential group

B streptococcal vaccine for pregnant women in the United States. Vaccine
2017; 35 :6238–47 . 

15. Heath PT , Culley FJ , Jones CE , et al. Group B streptococcus and respiratory syn-
cytial virus immunisation during pregnancy: a landscape analysis. Lancet Infect

Dis 2017; 17 :e223–ee34 . 
16. Vekemans J, Moorthy V, Friede M, et al. Maternal immunization against group B

streptococcus: World Health Organization research and development technolog-
ical roadmap and preferred product characteristics. Vaccine 2018. doi: 10.1016/j.

vaccine.2017.09.087 . 

17. Buurman ET , Timofeyeva Y , Gu J , et al. A novel hexavalent capsular polysaccha-
ride conjugate vaccine (GBS6) for the prevention of neonatal group B strepto-

coccal infections by maternal immunization. J Infect Dis 2019; 220 :105–15 . 
18. Le Doare K , Heath PT . An overview of global GBS epidemiology. Vaccine

2013; 31 (Suppl 4):D7–12 . 
l., Hospital clusters of invasive Group B Streptococcal disease: A 

9.11.008 

https://doi.org/10.13039/501100013342
https://doi.org/10.1016/j.jinf.2019.11.008
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0010
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0010
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0010
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0010
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0010
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0011
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0011
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0011
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0011
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0011
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0012
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0012
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0012
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0012
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0012
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0013
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0013
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0013
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0013
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0013
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0014
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0014
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0014
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0014
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0014
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0015
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0015
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0015
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0015
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0015
https://doi.org/10.1016/j.vaccine.2017.09.087
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0017
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0017
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0017
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0017
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0017
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0018
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0018
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0018
https://doi.org/10.1016/j.jinf.2019.11.008


S.M. Collin, P. Lamb and E. Jauneikaite et al. / Journal of Infection xxx (xxxx) xxx 7 

ARTICLE IN PRESS 

JID: YJINF [m5G; November 20, 2019;22:21 ] 

 

 

 

2  

 

2  

 

2  

2  

 

2  

 

 

 

2  

2  

3  

 

 

 

3  

 

 

3  

 

3  

 

 

 

3  

 

3  

 

4  

 

 

 

4  

 

4  

 

4  

 

4  

 

4  

 

 

 

4  

4  

5  

 

 

 

19. Nanduri SA , Petit S , Smelser C , et al. Epidemiology of invasive early-onset
and late-onset group B streptococcal disease in the United States, 2006 to

2015: multistate laboratory and population-based surveillance. JAMA Pediatr
2019; 173 :224–33 . 

0. Mukhopadhyay S . Puopolo KM. preventing neonatal group B streptococcus dis-
ease: the limits of success. JAMA Pediatr 2019; 173 :219–20 . 

21. Berardi A , Rossi C , Lugli L , et al. Group B streptococcus late-onset disease:
2003–2010. Pediatrics 2013; 131 :e361–8 . 

2. National Heart Lung and Blood Institute. Quality assessment tool for observa-

tional cohort and cross-sectional studies. Available at: https://www.nhlbi.nih.
gov/health-topics/study-quality-assessment-tools . Accessed 24/05/2019. 

3. Adams WG , Kinney JS , Schuchat A , et al. Outbreak of early onset group B strep-
tococcal sepsis. Pediatr Infect Dis J 1993; 12 :565–70 . 

24. Band JD . Transmission of group B streptococci. Am J Dis Child 1981; 135 :355 . 
5. Boyer KM , Vogel LC , Gotoff SP , Gadzala CA , Stringer J , Maxted WR . Nosocomial

transmission of bacteriophage type 7/11/12 group B streptococci in a special

care nursery. Am J Dis Child 1980; 134 :964–6 . 
6. MacFarquhar JK , Jones TF , Woron AM , et al. Outbreak of late-onset group

B streptococcus in a neonatal intensive care unit. Am J Infect Control
2010; 38 :283–8 . 

27. Noya FJ , Rench MA , Metzger TG , Colman G , Naidoo J , Baker CJ . Unusual occur-
rence of an epidemic of type ib/c group B streptococcal sepsis in a neonatal

intensive care unit. J Infect Dis 1987; 155 :1135–44 . 

8. Snider C , Gillespie W , Walker R , Chitra M . Late-Onset group B streptococcus
cluster in a neonatal intensive care unit. Am J Infect Control 2016; 44 :S123 . 

9. Steere AC , Aber RC , Warford LR , et al. Possible nosocomial transmission of group
B streptococci in a newborn nursery. J Pediatr 1975; 87 :784–7 . 

0. Weems JJ Jr , Jarvis WR , Colman G . A cluster of late onset group B streptococcal
infections in low birth weight premature infants: no evidence for horizontal

transmission. Pediatr Infect Dis 1986; 5 :715–17 . 

31. Winterbauer RH , Fortuine R , Eickhoff TC . Unusual occurrence of neona-
tal meningitis due to group B beta-hemolytic streptococci. Pediatrics

1966; 38 :661–2 . 
2. Barbadoro P , Marigliano A , Savini S , D’Errico MM , Prospero E . Group B strepto-

coccal sepsis: an old or ongoing threat? Am J Infect Control 2011; 39 :e45–ee8 . 
33. Berardi A , Guidotti I , Creti R , et al. Two overlapping clusters of group B strep-

tococcus late-onset disease in a neonatal intensive care unit. Pediatr Infect Dis J

2018; 37 :1160–4 . 
4. Cowen J , Gordon H , Sanderson PJ , Valman HB . Group B streptococcal infection

in a maternity unit. Br J Obstet Gynaecol 1978; 85 :541–5 . 
35. Elling R , Hufnagel M , de Zoysa A , et al. Synchronous recurrence of group B

streptococcal late-onset sepsis in twins. Pediatrics 2014; 133 :e1388–91 . 
6. Friis-Moller A , Busk HE , Korner B , et al. Infections and colonisations with

haemolytic streptococci group B in a Danish neonatal intensive care unit. Dan

Med Bull 1984; 31 :494–9 . 
Please cite this article as: S.M. Collin, P. Lamb and E. Jauneikaite et a

systematic review, Journal of Infection, https://doi.org/10.1016/j.jinf.201
37. Jauneikaite E , Kapatai G , Davies F , et al. Serial clustering of late-onset group B
streptococcal infections in the neonatal unit: a genomic re-evaluation of causal-

ity. Clin Infect Dis 2018; 67 :854–60 . 
8. Olver WJ , Bond DW , Boswell TC , Watkin SL . Neonatal group B streptococcal

disease associated with infected breast milk. Arch Dis Child Fetal Neonatal Ed
20 0 0; 83 :F48–9 . 

9. Aberg E , Ottosson A , Granlund M , et al. Harbouring group B streptococci in a
neonatal intensive care unit led to an outbreak among preterm infants. Acta

Paediatr 2019; 108 :58–61 . 

0. Holter CH , Lyng RV , Jonassen TO , et al. O0190: a nosocomial outbreak of group
B streptococcus serotype IB causing sepsis in the neonatal intensive care unit.

In: Proceedings of the 2019 ECCMID. Amsterdam; 2019 2019 . 
41. Al-Maani A , Streitenberger L , Clarke M , et al. Nosocomial transmission of

group B streptococci proven by positive environmental culture. Oman Med J
2014; 29 :376–9 . 

2. Morinis J , Shah J , Murthy P , Fulford M . Horizontal transmission of group

B streptococcus in a neonatal intensive care unit. Paediatr Child Health
2011; 16 :e48–50 . 

3. Takayanagi T , Tanaka H , Yoshinaga M , et al. An outbreak of group B strepto-
coccus infection in a neonatal nursery and subsequent trial for prophylaxis of

nosocomial transmission. Acta Paediatr Jpn 1994; 36 :88–90 . 
4. Kim HJ , Kim SY , Seo WH , et al. Outbreak of late-onset group B streptococcal

infections in healthy newborn infants after discharge from a maternity hospital:

a case report. J Korean Med Sci 2006; 21 :347–50 . 
5. Baraboutis IG , Doris K , Papanikolaou K , et al. An outbreak of hemodialysis

catheter-related bacteremia with sepsis caused by Streptococcus agalactiae in
a hemodialysis unit. Int J Infect Dis 2010; 14 :e418–22 . 

6. Denton M , Hawkey PM , Hoy CM , Porter C . Co-existent cross-infection with
Streptococcus pneumoniae and group B streptococci on an adult oncology unit.

J Hosp Infect 1993; 23 :271–8 . 

47. Nagano N , Nagano Y , Toyama M , et al. Nosocomial spread of multidrug-resistant
group B streptococci with reduced penicillin susceptibility belonging to clonal

complex 1. J Antimicrob Chemother 2012; 67 :849–56 . 
8. Aber RC , Allen N , Howell JT , Wilkenson HW , Facklam RR . Nosocomial transmis-

sion of group B streptococci. Pediatrics 1976; 58 :346–53 . 
9. Wen SW , Smith G , Yang Q , Walker M . Epidemiology of preterm birth and

neonatal outcome. Semin Fetal Neonatal Med 2004; 9 :429–35 . 

0. Christensen KK , Christensen P , Hovelius B , Pettersson L , Schalen C , Thimans-
son H . Upper respiratory tract spread of group B streptococci type I B in a

kindergarten. Scand J Infect Dis 1979; 11 :129–33 . 
51. Skoff TH , Farley MM , Petit S , Craig AS , Schaffner W , Gershman K , et al. Increas-

ing burden of invasive group B streptococcal disease in nonpregnant adults,
1990–2007. Clin Infect Dis 2009; 49 :85–92 . 
l., Hospital clusters of invasive Group B Streptococcal disease: A 

9.11.008 

http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0019
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0019
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0019
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0019
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0019
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0020
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0020
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0021
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0021
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0021
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0021
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0021
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0022
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0022
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0022
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0022
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0022
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0023
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0023
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0024
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0024
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0024
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0024
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0024
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0024
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0024
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0025
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0025
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0025
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0025
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0025
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0026
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0026
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0026
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0026
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0026
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0026
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0026
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0027
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0027
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0027
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0027
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0027
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0028
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0028
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0028
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0028
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0028
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0029
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0029
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0029
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0029
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0030
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0030
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0030
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0030
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0031
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0031
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0031
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0031
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0031
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0031
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0032
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0032
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0032
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0032
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0032
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0033
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0033
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0033
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0033
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0033
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0034
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0034
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0034
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0034
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0034
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0035
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0035
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0035
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0035
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0035
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0036
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0036
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0036
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0036
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0036
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0037
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0037
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0037
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0037
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0037
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0038
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0038
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0038
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0038
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0038
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0039
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0039
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0039
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0039
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0039
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0040
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0040
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0040
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0040
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0040
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0041
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0041
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0041
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0041
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0041
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0042
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0042
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0042
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0042
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0042
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0043
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0043
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0043
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0043
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0043
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0044
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0044
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0044
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0044
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0044
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0045
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0045
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0045
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0045
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0045
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0046
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0046
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0046
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0046
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0046
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0047
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0047
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0047
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0047
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0047
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0047
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0048
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0048
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0048
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0048
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0048
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0049
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0049
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0049
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0049
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0049
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0049
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0049
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0050
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0050
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0050
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0050
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0050
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0050
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0050
http://refhub.elsevier.com/S0163-4453(19)30346-9/sbref0050
https://doi.org/10.1016/j.jinf.2019.11.008

	Hospital clusters of invasive Group B Streptococcal disease: A systematic review
	Introduction
	Methods
	Review protocol and searches
	Screening, quality assessment and data extraction
	Analysis

	Results
	Neonatal GBS disease clusters
	Late-onset disease clusters
	Mixed early and late-onset disease clusters
	Characteristics of neonatal unit clusters
	Adult GBS disease clusters

	Discussion
	Declaration of Competing Interest
	Acknowledgments
	Funding
	Supplementary materials
	References


