Hospital clusters of Streptococcus agalactiae (Group B Streptococcus): full data synthesis from a systematic review
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[bookmark: _Toc19639771]Neonatal late onset disease in siblings (twins and triplets)
Elling et al. (2014) described LOD occurring twice in each of a pair of twins delivered by caesarean section at 28 0/7 weeks gestation 24 hours after rupture of membranes (ROM).1 Antenatal vaginal swabs and urine samples were negative for GBS, and the mother received cefuroxime antenatally. The twins received empirical antibiotic therapy for suspected perinatally acquired sepsis, which was stopped when blood cultures remained sterile. Enteral feeding with breast milk started on day 5 of life. On day 48 of life, both twins developed clinical signs of sepsis (within 6 hours of each other) and blood cultures were positive for GBS. Both twins recovered and were discharged 4 days after a 19-day course of antibiotics. Three days after discharge, one twin was readmitted with signs of sepsis, followed within 48 hours by the second twin. Blood cultures were positive for GBS only in the first twin; both were treated with antibiotics, recovered and were discharged. All 3 infants’ blood GBS isolates were serotype III ST-17, as was an isolate obtained from a maternal rectovaginal swab taken during the first LOD episodes. Repeated breast milk samples were culture negative for GBS, but real-time PCR detected the GBS-specific cytolysin (CYL) gene in independent samples from both breasts. The authors suggested that this discrepancy could be due to low and/or variable GBS concentrations or GBS growth-inhibiting factors in breast milk and concluded that breast milk was the likely source.
[bookmark: _Hlk5959054]Olver et al. (2000) reported LOD in triplets (recurring twice in one) who were born prematurely (26 weeks) by caesarean section a long time after ROM (7 days); two antenatal high vaginal swabs were negative for GBS.2 The triplets received five days of intravenous antibiotics until initial blood cultures were confirmed to be negative. Enteral feeding with expressed breast milk began in the first week. Each triplet developed GBS bacteraemia (on days 12, 33 and 35), with a repeat episode (on day 63) in the earliest case. An expressed breast milk sample cultured on day 68 yielded >105 CFU/mL of GBS, as did a freshly expressed sample, leading the authors to conclude that breast milk was the source (also given the negative antenatal swab and the absence of other cases on the unit).
[bookmark: _Toc19639772]Neonatal early onset disease clusters
[bookmark: _Hlk5959565]Adams et al. (1993) reported 23 cases over an 8-month period culminating in a cluster of 15 cases in the final 3 months. Only 13 of the 23 cases were serotyped, yielding 6 serotype III, 4 serotype Ia/c, and one case each of serotypes Ia, Ib and II; the authors did not report how many of the 15 cases clustered towards the end of the period had the same serotype.3 All cases were symptomatic within 19 hours of birth. Risk factors identified in a matched case-control analysis included history of spontaneous abortion, chorioamnionitis, duration of ROM (>12hrs), number of vaginal examinations post-ROM (≥5), and use of Pitocin, intrauterine pressure catheter or scalp electrode. The last two factors would have been consistent with iatrogenesis, but co-occurred with prolonged ROM. The authors concluded that the cluster could not be explained.
Cowen et al. (1978) described a series of 6 early onset cases over 8 months (222 days), rather than highlighting a cluster per se, although 3 of the 6 cases occurred in the final 5 days.4 Onset was within 12 hours in all bar one case; GBS was isolated from blood cultures in 3/6 cases, from various swabs in the other 3 cases, and from high vaginal swabs in all of the mothers. None of the isolates were serotyped. Duration of ROM was >12hrs in 4 cases, including 8 days’ duration in a premature twin whose sibling was stillborn. The authors observed that GBS EOD incidence (3.0/1,000 live births) over the 7 months was higher than previously recorded in their hospital but concluded that all cases were vertically transmitted.
[bookmark: _Toc19639773]Neonatal late onset disease clusters
Åberg et al. (2019) reported a cluster of 5 late onset cases and 9 colonized infants in a level 2 NICU over a 13-week period; the 5 late onset cases occurred during the first 9 weeks of this period.5 All case infants were preterm low birth weight as were all but one of the colonized infants. GBS isolates were serotype Ia ST23 CC 23; all invasive and 7/10 colonizing strains had identical PFGE profiles. An outbreak was considered after the second case, which occurred less than two weeks after the index case. Bacterial surveillance was then performed weekly in all admitted patients by culturing anterior nares, throats and perineums. Maternal cultures from breast milk and vaginal secretions were not taken consistently and only two of the cultures that were taken from 10 mothers were found to be GBS positive; one isolate, but not from the index mother, was GBS serotype Ia. Three of the five infected infants had been cared for in the same four-bed emergency room before they developed septicaemia; one of the five infected infants was in an adjacent family room and the last infected infant had been cared for by staff who also cared for infants in the four-bed emergency room that housed three infected infants. Environmental cultures were taken over the course of one day from 250 locations, four weeks after the index case; 7 cultures from the four-bed emergency room that housed three infected infants were positive for the infecting GBS strain. Factors relevant to the outbreak included staff rotating between rooms, infants changing rooms within the NICU and responsibility for cleaning being shared between neonatal and hospital service staff. The authors also remarked that the NICU management lacked a defined organisational structure and action plan for a severe outbreak of this kind, and that this may have delayed taking and implementing decisions.
[bookmark: _Hlk5978635]Berardi et al. (2018) reported an initial cluster of 2 cases (of which the index case was only colonized, not bacteraemic) followed by a cluster of 6 cases (including a pair of twins, one of whom had a recurrent infection).6 Both clusters were serotype III ST17, but PCR identified two distinct strains. The infants in the first cluster were admitted in the same room; the mother of the colonized (index) infant had 2 episodes of mastitis, one with a high GBS milk inoculum, but it was noted that the infant was colonized from birth to age 6 weeks without developing LOD, therefore the role of breastmilk as a source of GBS was unclear. The index cases of the second cluster were twins who received inadequate intrapartum antibiotic prophylaxis (<4hrs pre-delivery) followed by a postpartum short course of broad spectrum antibiotics. Both became colonized at age 15d, coincident with the first yield of GBS (low inoculum) from their mother’s breastmilk (expressed at home); LOD developed 9 and 12 days later. Of note is that one of the twins had shared a room with both cases in the first cluster, but the GBS strain of the second cluster was distinct (but only by PCR). The next 3 cases (in infants admitted to nonadjacent rooms) occurred >3 weeks later, over a period of 34 days. All but one neonate in the second cluster were fed expressed breast or donor milk. As with the index case in the first cluster, vertical transmission via breastmilk could not be ruled out for the twin index cases, although their mother remained heavily colonized (vagino-rectal site and urine) for weeks after delivery. Finally, horizontal transmission from the twin index cases to the remaining infants with LOD was also a possibility, e.g. via breast pumps (the bottles were single-use, but the pumps were shared) or health care workers. All neonates admitted to the NICU underwent weekly cultures (throat and rectum) over the period when the clusters occurred, and the authors noted that 2 infants were GBS-free for 8 and 12 weeks until onset of LOD; a third infant was colonized at 40d with LOD at 44d.
Boyer et al. (1980) reported 2 cases occurring within a 24-hour period; both were preterm infants hospitalised since birth, with LOD onset at 11 and 71 days of life.7 A culture survey one week later identified 5 infants colonized with the same GBS phage type as the case infants, all located in cots adjacent to the case infants. The 5 colonized infants comprised one singleton, one of a pair of twins and a set of triplets. Although the mothers of these infants were GBS-negative, the mother of the triplets had received antibiotics for puerperal fever at another hospital and the triplets had been transferred on to the unit 4 days prior to onset of LOD in the 2 cases. Of the 7 (2 case + 5 colonized) infants, 5 had positive throat cultures, 5 had positive rectal cultures, and none had positive ear or umbilical cultures. Among nursery personnel, overall GBS carriage was 34% (18/53, comprising 16/18 rectal, 13/18 vaginal and 3/18 throat); 7 isolates were serotype III, but none had the LOD phage type. A culture survey of infants one month later found 4/15 infants colonized by GBS with a phage type carried by 3/7 staff with serotype III GBS (at the time of the outbreak). These findings suggested horizontal transmission of GBS within the unit via hands of personnel.
Holter et al. (2019) reported 5 related late onset cases in preterm infants in their NICU and a neighbouring hospital.8 Four of the cases were serotype Ib (ST12, bca+, bac+) with resistance to clindamycin, erythromycin and tetracycline. One case occurred in a neighbouring hospital that had received a neonate colonized with serotype Ib ST12 from the NICU; the neonate that developed sepsis had not shared a room with the colonized neonate. The fifth case was caused by serotype Ia (ST144) and occurred (fatally) in one of the first infants in the Ib cluster. Screening of throat, umbilical cord and perineum of 28 neonates identified 6 neonates colonized with Ib ST12. At time of reporting, epidemiological investigations were ongoing.
Jauneikaite et al. (2018) reported a cluster of 4 cases followed by 3 clusters (of 2, 2 and 3 cases) over a 24-month period.9 The first cluster was of serotype V; cases 1 and 2 arose 9 days apart in the high-dependency area where their stays did not overlap; cases 3 and 4 arose 17 days later within 24hrs of each other in the low-dependency area, and were linked to each other in time and location (cot space location and overlapping stay). Ear swab samples at birth of all 4 neonates were negative for GBS; mothers were not screened antenatally or health care workers subsequently, and environmental samples were all negative for GBS. The second (serotype III) and third (serotype Ib) clusters, each of 2 infants, occurred 9 and 10 months after the first cluster. The third cluster also had 2 colonized cases, one (rectal) 9 days before the first bacteraemic case and one (nasal) on the same day as the second bacteraemic case. The fourth cluster (serotype Ia), of 3 bacteraemic and 2 rectally colonized infants, occurred over a 90-day period commencing 20 months after the first case in the first cluster.
[bookmark: _Hlk5977883]Whilst hand hygiene practice was found to be robust, breast pump hygiene was suboptimal (S. aureus was isolated from 1/12 pumps), and single-use pumps and new facilities and procedures for breast milk expression and storage were implemented; the number of cots in the NICU was reduced and spacing around cots was increased. Investigation of this ‘serial clustering’ in a single 24-cot NICU benefited from whole genome sequencing and, after the first cluster, enhanced surveillance for GBS LOD including weekly rectal swabs from all neonates. The clustered cases represented all but one of the LOD cases on the unit over the 2 years, suggesting a predominant role of horizontal transmission. The authors indicated that, without enhanced surveillance supported by whole genome sequencing, subsequent clusters (transmission events) would not have been recognized (the first cluster was recognized mainly because the last 2 of the 4 cases presented on the same day and had the same antimicrobial susceptibility profile). They also noted that GBS carriage was rarely detected by rectal screening (in 10/518 admissions in 1 year, of which one was a LOD case, with a median time to acquisition of 25 days after birth). Finally, phylogenetic analysis indicated intermixing of adult and neonatal GBS isolates, confirming that adult and neonatal strains originate from the same genetic pool. The authors recommended that a single LOD case in a NICU should be considered sentinel of a future outbreak, prompting enhanced retrospective and prospective surveillance.
Kim et al. (2006) described 4 cases over a period of 31 days among infants all of whom were healthy term infants who had been discharged from the same regional maternity hospital.10 None of the infants’ stays in the hospital’s nursery overlapped, and all were discharged normally 3-6 days after birth; age of LOD onset was 16-19 days for the first 3 cases, 30 days for the fourth case. Maternal vaginal swabs taken one month after delivery were negative, and none of the mothers had clinical evidence of mastitis (one infant was formula fed). Infection control measures at the source hospital were deemed inadequate; after rectification, no further GBS cases were reported (over the next 2 years).
MacFarquhar et al. (2010) described 5 cases over 33 days, of which 3 had serotype Ia ST23 isolates indistinguishable by PFGE and MLST; of the other two cases, one was serotype Ia single locus ST23 variant with a different PFGE pattern and the other was serotype II).11 The 3 infants with indistinguishable isolates were clustered temporally and shared common health care workers in a setting with suboptimal infection control practices (deficient cot spacing, inadequate staff and family hand hygiene, formula preparation and equipment disinfection - including medication pumps and laryngoscope blades), suggesting that transmission might have occurred in the NICU among these infants. A neonate with EOD was transferred into the NICU from another hospital on the first day of the outbreak (7.5hrs before the 1st LOD isolate was identified); this infant was located geographically distant from and did not share nursing staff with the first LOD case, but had serotype Ia ST23 GBS with a PFGE pattern which was a variant of the pattern found in the 3 indistinguishable LOD cases.
Morinis et al. (2011) reported a cluster of 3 cases over 43 days with identical PFGE and antibiotic susceptibility profiles.12 The first two cases were admitted to the NICU on the same day and were in adjacent cots for the first 26 days of life, with an interval of 15 days between GBS onset. GBS was cultured from fresh and frozen milk expressed by the mother of the index case. The third case was one of a pair of twins (the other remained healthy) admitted to a different area of the NICU. The authors suspected horizontal transmission between the first two cases via hands of a shared caregiver, and to the third case via hands or equipment.
Noya et al. (1987) described an outbreak of 5 cases (serotype Ib/c) over 39 days in very low birthweight infants, implicating nosocomial spread via hands or colonisation of health care workers during a period of crowding, high patient:nurse ratio and higher number of shifts when the unit was at or above capacity.13 The same GBS serotype was isolated from 3 asymptomatic (colonized) infants, one mother and two nurses. Notably, phage typing indicated that one person could carry different but epidemiologically-related phage types at different sites.
Snider et al. (2016) made a brief report (poster abstract) describing 4 late onset cases and one colonized (positive urine sample) case over a 6-day period in the same sub-unit within a NICU.14 Conclusion mentioned deviation from standard cohorting practice, increased census, staffing ratios, and a new charge nurse. No further information could be obtained from the authors.
Steere et al. (1975) described LOD (all meningitis) in 3 healthy term infants over a 6-day period; the hospital stays of the infants overlapped, and all were healthy until they developed symptoms at 15-16 days and CSF samples tested positive for serotype III GBS.15 A culture survey of 81 infants born in the same month found that 23/64 (36%) were GBS-positive (throat, cord and rectal swabs), of which 20 were serotype III; among health care personnel, 41% (11/27) of those who had direct contact with the cases were GBS-positive (throat, vaginal or urethral, and rectal swabs), of which 4 were serotype III. Handwashing samples from 12 nursery personnel and 25 environmental samples were all negative. In the month after the outbreak, only 2% (1/43) of infants were colonized with serotype III GBS at 1-5 days after birth, compared with 31% (20/64) at 1-25 days during the outbreak, although the longer period for the latter group meant that more infants would have exposures outside the nursery. The authors concluded that nosocomial transmission was likely (no LOD cases had occurred previously in the hospital), although they hesitated to implicate nursery staff.
Takayanagi et al. (1994) reported 3 LOD cases (serotype III) in very low birth weight infants over a 25-day period;16 of 142 routine umbilicus, nasal, intratracheal, and other infection-related samples taken during this period, only one was GBS-positive but of a different serotype. GBS was not isolated in throat swabs taken from nursing staff or rectal swabs from infants on the unit, therefore no conclusion was drawn regarding source or route of infection.
[bookmark: _Toc19639774]Neonatal mixed early and late onset disease clusters
[bookmark: _Hlk9342560]Al-Maani et al. (2014) described an outbreak in a level 3 NICU which was flagged by the hospital microbiology laboratory after GBS was isolated from 5 patients (one early, 4 late onset) in 2 months (compared with one case in the past year); a sixth case developed late onset GBS bacteraemia after being relocated from the NICU back to the referring hospital.17 Genotyping of the isolates available for 4/6 late onset cases showed that 3 had an identical PFGE strain: the probable index case (age 7 months), transferred into the unit with pneumonia requiring prolonged ventilation and frequent suctioning and with GBS cultured from endotracheal and tracheostomy tubes (and from respiratory secretions prior to being transferred); and two late onset cases (1 month and 2 months old) who had shared a room with the probable index case. The GBS strain infecting these three infants was cultured from an environmental sample taken from the electronic monitor (alarm silence button) of one of the two non-index cases (but not from any of 39 other environmental samples). Of the three other cases, one (late onset) had a different PFGE strain and was not considered to be part of the outbreak, whilst the other two (one early, one late onset) had no isolates available for genotyping. It was noted that the outbreak coincided with a period of high admissions and maximum daily census (and with Christmas and New Year). The authors attributed the outbreak to horizontal transmission facilitated by inadequate hand hygiene and cleaning of electronic equipment.
[bookmark: _GoBack]Band et al. (1981) described 3 late onset cases with identical phage type and similar drug susceptibilities which occurred over 2 weeks, 10 days after an early onset case (whose mother also had GBS septicaemia).18 The early onset case did not have an isolate available for typing, but all the cases had overlapping hospitalisation and two of the late onset cases had been in the same NICU as the early onset case (the other late onset case had only been in the full-term nursery and had been home for 9 days before onset of LOD). Whilst no common exposure (staff, procedure or intervention) was identified, the authors indicated likely postnatal transmission in the nursery (with possible EOD index case) during a period of higher-than-usual patient:nurse ratio (they had demonstrated nosocomial transmission of GBS colonisation - 9/71 infants in the full-term nurseries became culture positive - in a prospective study conducted immediately after the outbreak).
Barbadoro et al. (2011) reported an outbreak comprising 3 cases (1 EOD, 2 LOD) over 15 days where the EOD case had a similar PFGE profile to the 2 LOD cases (which had identical profiles); all 3 cases had the same drug susceptibilities.19 The infants who developed LOD were already in the NICU when the EOD case was admitted. The authors concluded that the EOD case was the index case, with horizontal transmission to the other two infants possibly via the hands of healthcare workers.
Friis-Møller et al. (1984), in a 10-month prospective clinical and microbiological NICU-based study, reported 15 GBS infections over 9 months including 9 in a 2-month period.20 Confirmed GBS cases were a mix of EOD (5), LOD (2), pneumonia (3), pharyngitis (2), and omphalitis (3). The timing and spacing of EOD and LOD cases was not reported. The authors noted apparent clustering of GBS cases, and that GBS infections and colonisations coincided with peaks in S. aureus colonisations. Whilst they remarked that this indicated horizontal transmission, they did not conduct epidemiological investigations “as the clusters were small”.
Weems et al. (1986) reported an apparent outbreak comprising 3 early and 7 late onset GBS cases in a NICU over an 11-week period.21 The EOD rate was deemed to be no different from the background rate over the previous 15 months (3/77 cf. 5/361) hence, the 3 EOD cases were not investigated further. The LOD rate was higher (13/77 cf. 15/361), therefore the 7 LOD cases were subject to microbiological and epidemiological investigation (the subject of the paper). Of the 4/7 cases with isolates, 3 were serotype III and were 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:nurse ratio), and all of whom had LOD in a 14-day period. However, based on phage type differences between the 3 isolates, the authors concluded that horizontal transmission was very unlikely. Further, a culture survey had found that, whilst 6/54 staff were positive for GBS (perineum swabs) and 3/6 were serotype III, the implicated nurse was culture-negative.
Winterbauer et al. (1966) reported a binary cluster comprising an EOD index case and one LOD case.22 The index case was a term infant born to a mother with rheumatic heart disease whose pregnancy was complicated by congestive heart failure, and who had bacteriuria but no evidence of chorioamnionitis, vaginal infection or endometritis. The infant was isolated 2 days after birth on developing a fever, with GBS subsequently isolated from blood and CSF. A healthy term infant born the day after isolation of the index case was discharged normally after 3 days but readmitted 3 days later (age 7 days); GBS was isolated from blood and CSF. The authors discounted direct (infant-to-infant) transmission despite their proximity on the ward because the index case was isolated promptly (on becoming febrile) and the two infants overlapped by only 1 hour and were never simultaneously in the same nursery. However, the same clinician and nurse cared for the index case whilst overseeing the delivery of the second infant and, whilst questioning did not reveal any break in aseptic procedures, the authors concluded that nosocomial transmission during this demanding 12-hour period was probable.
[bookmark: _Toc19639775]Adult disease clusters
Baraboutis et al. (2010) reported an outbreak involving two catheter-associated bacteraemia cases occurring on the same day among outpatients at a haemodialysis unit.23 The authors concluded that GBS was probably transmitted from one patient to the other through the hands of a nurse who had cared for both patients (including handling central venous catheters) at their last two dialysis sessions prior to diagnosis of invasive GBS. During both sessions, one patient was already febrile, and the two patients were in adjacent beds.
Denton et al. (1993) described an outbreak that occurred over 11 days among 8 male patients receiving radiotherapy in a 34-bed oncology unit.24 All of the men had pneumonia; GBS was isolated from the sputa of 3 men (serial intervals 2 and 6 days), S. pneumonia from 4 men, and one man died without microbiological investigation. One of the GBS cases also had S. pneumonia in his sputum (8 days before GBS was isolated). The outbreak was attributed to droplet spread because the men were being treated in the same vicinity within the oncology unit.
[bookmark: _Hlk9342679]Nagano et al. (2012) reported an outbreak involving 8 patients on 3 wards of a general hospital.25 PFGE typing indicated one cluster of 5 patients (4 of whom were on the same ward) with serial intervals of 33, 2, 8, and 0 days, a second cluster of two patients (both on the same ward) and one unrelated case. In all cases GBS was isolated from pharyngeal swabs or tracheal aspirates (plus one pus specimen) and had reduced susceptibility to penicillin. The authors concluded that spread was probably nosocomial, but they did not suggest a mechanism.
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