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ARTICLE INFO ABSTRACT

Key words: Objectives: This was a retropective study of invasive group B streptococcal (GBS) infections isolated from blood,
group B streptococcus cerebrospinal fluid (CSF), synovial fluid, peritoneal fluid, pleural fluid, pericardial fluid and corpus vitreum in a
invasive infection defined region in southwest Sweden over a 14-year period.

age difference

. Design: Information on all invasive GBS infections was obtained from all four bacteriological laboratories in the
prognosis

region, with data obtained from individual patient records.

Results: GBS was isolated from normally sterile body fluids in 1244 samples (579 from females and 665 from
males) from 1101 patients. Of these patients, 196 were neonates. The incidence in neonates (0-27 days) was
7.3 per 100 000 live births per year, but there was a significant decrease from 2012 when risk-factor-based
intrapartum antibibiotic prophylaxis was implemented. The great majority of neonatal infections were very early-
onset infections. The incidence rates in children (28 days to 17 years), adults (18-64 years) and elderly patients
(> 65 years) were 1.3, 3.6, and 12.9 per 100 000 per year, respectively. The majority of children and adults had
severe underlying diseases, but severe infections were also seen in individuals with no risk factors.

Conclusions: GBS is an important pathogen in all age groups. Intrapartum antibiotic prophylaxis significantly
decreases very early-onset infections.

Introduction of age) decreased after 2012 when selective intrapartum antibiotic pro-
hylaxis was implemented.
Streptococcus agalactiae (a group B streptococcus (GBS)) was ini-

tially well known within veterinary medicine as a cause of mastitis Patients and Methods
in cows (Rosa-Fraile et al, 2017; Anthony and Okada 1977; Schuchat,
1998). During the 1970s it emerged as a human pathogen, in particular This was a retrospective study of invasive GBS infections in all age
among neonates (McCracken, 1973; Rosa-Fraile and Spellerberg, 1973; ~ groups in the region of Véstra Gotaland, southwest Sweden, during
Freedman et al., 1981) and soon became the most common cause of 2003-2016. The mean population in the region was 1 267 512 during
neonatal sepsis (Franciosi et al., 1973; McCracken, 1973; Anthony and the 14-year study period. A request was sent to the four clinical bacte-
Okada, 1977; Tessin et al., 1990; Johansson Gudjénsdéttir et al., 2019). riology laboratories that cover all hospitals and outpatient clinics in the
Later, GBS was also shown to be an important pathogen in the elderly whole region. The laboratories were asked to identify all patients from
(> 65 years) and in children and younger adults with severe underlying =~ Whom GBS was isolated in blood, cerebrospinal fluid (CSF), synovial
diseases (Hussain et al., 1995; Farley et al., 1993; Tyrrell et al., 2000; fluid, pleural fluid, peritoneal fluid, pericardial fluid, and corpus vit-
Dahl et al., 2003). reum during 2003-2016. All laboratories responded and, in total, 1134
The aim of this study was to evaluate the total burden of invasive ~ Ppatients with 1277 infectious episodes were identified. Twenty-eight pa-
GBS infections in terms of incidence, hospitalizations, manifestations, tients living outside of the area were excluded, as were five neonates
risk factors, and short-term mortality. A second aim was to investigate from neighbouring regions, who had been sent to the neonatal intensive
whether the incidence of neonatal very early-onset infections (0-2 days care unit at Sahlgrenska University Hospital in Gothenburg, which is the

largest city in the Vistra Gotaland region. The patients were divided into
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four groups according to age: neonates (0-27 days after birth), children
(28 days to 17 years of age), adults (18-64 years of age), and elderly
(> 65 years of age). The neonates were divided into three groups: very
early onset (0-2 days after birth), early onset (3-6 days after birth),
and late onset (7-27 days after birth). A fourth group of neonates with
very late-onset infections was defined as those with onset of symptoms
between 28 and 89 days after birth. For analysis purposes, these were
included among children and not neonates.

A risk-based approach for identifying candidates for intrapartum
antibiotic prophylaxis was recommended in 2008 in Sweden (Swedish
National Board of Health and Welfare, 2008). The risk factors prompt-
ing intrapartum antibiotic prophylaxis are intrapartum fever (>
38°C), preterm birth (gestational age < 37 weeks), premature rup-
ture of the membranes (> 18 hours before birth), previous delivery
of an infant with invasive GBS infection, and GBS bacteriuria in the
current pregnancy (http://www.socialstyrelsen.se/Lists/Artikelkatalog/
Attachments/8836,/2008-130-7_20081307.pdf). If one of those risk
factors is present, a high dose of intravenous penicillin is given. Even
though the recommendations were issued in 2008, they were not
implemented until the end of 2011, because many gynecologists did
not approve of them. There was widespread concern that increased
use of penicillin would change the bacterial flora of both mothers and
neonates, and create a risk of development of resistance against both
penicillins and other beta-lactam anibiotics. The largest gynecological
clinic in the region studied here — in Gothenburg — did not implement
the recocommendations until the end of 2011.

Clinical data for the patients, with regard to age, sex, concomi-
tant diseases, and other risk factors (e.g. smoking habits), as well as
medical data from the GBS infectious episodes, were retrieved from
medical records. Information on the yearly population per age group
was obtained from the Swedish Social Board of Health and Welfare
(http://www.statistikdatabasen.scb.se/pxweb/sv/ssd/).

Statistics

Changes in incidence over time were analyzed using with the chi-
squared test for trends, and confirmed with logistic regression. Propor-
tions were compared using Fisher’s exact test with two-sided intervals.

Ethics

The study was approved by the Ethics Committee, Gothenburg Uni-
versity, Gothenburg, Sweden (reference number 524-03).

Results

GBS was isolated from normally sterile body fluids in 1244 samples
(579 in females and 665 in males) from 1101 patients. Two separate
infections were seen in 133 patients, with intervals between 4 and 167
months (median 78 months). Five patients had three episodes of GBS in-
fection with intervals between 6 and 128 months (median 35 months).
GBS was isolated from blood in 1026 cases, from blood and CSF in two
cases, from CSF in 35 cases, from synovial fluid in 155 cases, from peri-
toneal fluid in 16 cases, from pleural fluid in nine cases, and from cor-
pus vitreum in one case. GBS was also isolated from nonsterile sites in
many cases — blood + urine in patients with urinary tract infection and
blood + pus or wound secretions in patients with abscess or wound in-
fection. Altogether the patients occupied 6452 hospital beds (including
convalescent homes) in the region, which meant that 461 hospital beds
per year were occupied by patients with GBS infections.

Table 1 shows clinical manifestations for the different age-groups.
Sepsis of unknown focus was by far the most common manifestation in
all age groups (n=599), followed by meningitis among neonates and
children (n=21).

GBS was isolated in the blood + urine in all patients with urinary
tract infections and from blood + pus or wound secretions in all pa-
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tients with abscesses and wounds. GBS was also isolated from blood in
all patients with erysipelas, spondylitis, symphysitis, chorioamnionitis,
cervisitis, cholecystitis, endometritis, mediastinitis, peritonitis, pneumo-
nia, vulvitis, pancreatitis, osteomyelitis, orchitis, necrotizing fascitis,
ovarian infection, and sacroiliitis.

Neonates

There were 196 neonates, giving a mean incidence of 7.3
cases/10 000 live births/year. Of these, 156 were very early onset (0-2
days after birth; mean incidence 6.1/10 000 live births/year), 10 were
early onset (3-6 days after birth) and 30 were late onset (7-27 days after
birth).

The overall incidence among neonates was 6.0/100 000 live
births/year, but there was a significant decrease from the year 2012,
when intrapartum antibiotic prophylaxis was fully implemented. Be-
fore 2012, the incidence was 7.3/10 000 live births/year, while be-
tween 2012 and 2016 it was 3.4/10 000 live births/year (p=0.002,
chi-squared test for trend; p =0.003, logistic regression) (Figure 1).

The decrease in neonates was confined to a decrease in very early-
onset infections (Figure 1). The median time spent in hospital for all
neonates was 10 days (range 0-128).

Sixteen neonates died. Four of these had very low gestational age
(22-26 weeks), two were operated for duodenal atresia, one had Down’s
syndrome, and one had an aorta stenosis. For the remaining deaths no
obvious risk factor was known. In two of the fatal cases the mother had
received intrapartum antibiotic prophylaxis because of preterm deliv-
ery, in both cases after year 2011. Only two neonates had persistent
sequelae, involving cerebral paresis and epilepsy.

Children

There were 60 GBS infections in children aged 28 days to 17 years
(median age 1.3 years). The incidence was 1.31 cases/100 000 popula-
tion/year, with no changes over the time period. One child, who died
via sudden infant death, had GBS isolated from blood post mortem.

Twenty-eight cases were very late-onset infections. All of them had
complicated births and neonatal periods due to low gestational age (<
30 weeks) involving asphyxia during birth or congenital malformations.
They had not left the hospital when they were infected. All infections
were considered as hospital acquired.

The median time spent in hospital was 8 days (range 0-150).

Thirteen children died, in most cases due to the infection itself with-
out known contributing factors. Sixteen children needed assisted ven-
tilation in the intensive care unit. Four children were later diagnosed
with intellectual disability, one had a subarachnoidal hemorrhage, and
one with arthritis required a hip prosthesis.
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Table 1

Clinical manifestations of GBS infections in different age groups
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Neonates (N =196)

Children (N=60)  Adults (N=468)  Elderly (N=520)

Sepsis with unknown focus 168
Pneumonia’
Meningitis®

Arthritis, bursitis®
Appendicitis'

Abscess!

Urinary tract infection'
Spondylitis’
Erysipelas'

Sudden infant death*
Endocarditis’

4

[ )

Wound infection’
Symphysitis'
Chorioamnionitis®
Cervisitis'

Cholecystitis, cholangitis’
Endometritis'
Peritonitis®

Pleuritis”

Vulvitis'

Pancreatitis'
Osteomyelitis'

Orchitis’

Necrotizing fascitis®
Oophoritis'

Sacroiliitis’

Keratitis®

Colitis"

Mediastinitis'
Exacerbation of chronic obstructive pulmonary disease
Aortitis'

41 169 220
2 11 9
7 8 7
3 78 73
19 17
3 33 54
2 12 12
1 63 60
1
24 14
17 23
4
4
1
1 2
3 1
6 11
3 5
2
2
3 5
1
1
1
1
1
2
1 2
1
1

1 GBS isolated from blood

2 GBS isolated from CSF

3 GBS isolated from corpus vitreum

4 GBS isolated from heart blood post mortem
5 GBS isolated from synovial fluld

6 GBS isolated from peritoneal fluid

7 GBS isolated from pleural fluid

Adults

There were 468 invasive infections in adults (18-64 years; median
age 52 years). This corresponded to an incidence of 3.57 cases/100 000
population/year, with no changes over the time period.

Many of the adults had other factors that might have contributed
to the infection. Ten women were pregnant and 13 were newly deliv-
ered, either by vaginal delivery or cesarean section. Of the patients with
arthritis, 15 had known severe arthrosis and 13 had protheses in the
knee or hip. Other important concomitant diseases were cardiovascular
disease (previous stroke or myocardial infarction, current angina pec-
toris, or peripheral vascular diseases) (119 patients), diabetes mellitus
(105 patients), malignant diseases (74 patients), and alcohol or drug
abuse (52 patients). Other less common concomitant diseases were liver
cirrhosis (alcohol or hepatitits B induced), renal diseases, and various
immunological diseases.

The median time spent in hospital was 8 days (0-346).

Fifty-three patients needed treatment in the intensive care unit, with
29 patients requiring assisted ventilation. Fifty patients died, usually
due to a combination of the infection and a severe underlying disease.
In 52 cases long-lasting or chronic sequlae occurred. These included
long-lasting pain in the affected joint or wound (13 patients), amputa-
tion of the lower leg (three patients), amputation of an infected toe (one
patient), limpness (three patients), fetal death in an infected pregnant
woman (two women), installation or exchange of a prosthesis in the
hip or knee (five patients), operation of a cardiac valve (five patients),
epilepsy and other neurological symptoms (four patients), impaired vi-
sion (two patients), impaired mobility of the knee (two patients), renal
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failure (one patient), chronic wound infection (one patient), esophageal
perforation (one patient), chronic paresthesia (one patient), recurrent
venous thromboses (one patient).

Elderly

GBS was isolated from normally sterile body fluids on 520 occasions
in patients > 65 years (median age 78.5 years, range 65-105 years). The
mean incidence was 12.9/100 000/year with no changes over the time
period.

Forty patients were admitted to an intensive care unit and seventeen
patients needed a ventilator. The median time spent in hospital was 9
days (range 0-358).

There were 78 deaths among the elderly, with a significant difference
in deaths below and above 80 years of age. 28 of 271 patients aged 65—
79 years and 51 of 232 patients > 80 years died (p=0.0005). Thirty-
four elderly patients had chronic sequelae. Twelve patients required an
amputation. Six patients had chronic pain in the affected joint or wound.
Three patients became blind in one eye. Four patient aquired chronic
cardiac problems or needed a replacement of a heart-valve. One patient
required prosthesis replacement. One patient acquired tetraparesis and
one patient acquired aphasia. One patient needed a hip prosthesis and
one required a pyelostomy catheter.

Discussion

Our study supported the results of several previous studies — that
GBS is an important pathogen in neonates. Together with Escherichia
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Table 2
Most common concomitant diseases
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Neonates (N =196)

Children (N =60) Adults (N=468  Elderly (N=519)

Preterm 68
PROM 15
Febrile mother at birth 10
Down’s syndrome 3
Congenital malformation 2
Very late onset with complicated neonatal period
Asphyxia at birth

Trauma

Pregnant

Recently delivered

Arthrosis

Prosthesis

Cardiovascular disease

Diabetes

Malignant disease

Alcohol or drug abuse

Lung disease

Immunological disease

Immunosuppressive treatment

Transplantation

Hepatic disease

Renal disease

Peritoneal dialysis 1
No concomitant disease 102

1
9
5
1
11
13
4 14
13 16
3! 119 219
105 116
4 73 89
1 52 15
22 292 472
2 25 30
9 28
2 3
25 14
47 57
13 3
35 120 107

1 Most often congenital valvular disease

2 In children, asthma bronchiale; in adults and elderly patients, chronic pulmonary disease or lung fibrosis

coli, it is the most common cause of sepsis and meningitis in this age
group (Gudjonsdottir M et al., 2019; Vergnano et al., 2011; Cohen-
Wolkowiez et al., 2009; Weston et al., 2011; Braye, 2019; Fjalstad et
al., 2016; Tessin et al., 1990; Persson et al., 2002). There are two dif-
ferent approaches to decreasing the incidence in neonates. One is to
vaccinate pregnant women with a conjugated polysaccharide vaccine
against the most common serotypes in neonates. Two polysaccharide—
protein conjugated hexavalent vaccines are currently undergoing clin-
ical trials (Buurman et al., 2019; Absalon et al., 2021). Since they are
directed against all important GBS serotypes (Ia, Ib, II, III, IV, V) they
should be suitable for pregnant women, elderly people, and immunode-
ficient patients. Vaccines based on GBS surface proteins and pili are also
under development (Johnson and Ferrieri, 1984; Madoff et al., 1991;
Lauer et al., 2005; Carreras at al., 2020). The advantage of such vaccines
would be that they could cover more strains than the serotype-specific
conjugated polysaccharide vaccines. However, many women are reluc-
tant to undergo vaccination during pregnancy. The World Health Orga-
nization lists antivaccination movements as among the 10 top threats
against global health [https//www.who.int/newsroom/spotlight/ten-
threats-to-global-health-in-2019].

The other method used to decrease very early-onset infections in
neonates is intrapartum antibiotic prophylaxis, which can be risk based
(as in our study) or screening based, when penicillin is given to mothers
during delivery if GBS is isolated from vaginal or rectal cultures (Schrag
et al., 2002; Schrag and Verani, 2013; Di Renzo et al., 2015). Our results
showed that risk factor-based intrapartum antibiotic prophylaxis signif-
icantly decreases very early-onset infections. A recent Dutch metaanal-
ysis showed that a screening-based policy was superior to risk factor-
based policy in preventing early-onset GBS infection (Hasperhoven et
al., 2020).

Whilst not denying the important role of GBS as a cause of invasive
infections in neonates, our study showed that only 196 of 1244 invasive
infections occurred in neonates (16%). Our results, and those of some
previous studies, confirmed that the organism is an important pathogen
in all age groups (Farley et al., 2001; Bjornsdottir et al., 2016; Dahl et
al., 2003; Tyrrell et al., 2000; High et al., 2005). The infection is par-
ticularly prevalent in elderly people and in individuals with concurrent
diseases that may predispose to severe infection. In our study, as many as
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519/1244 (42%) of all infections occurred in patients > 65 years, result-
ing in the highest incidence among the groups studied (12.9/100 000
population/year). A remarkable finding was that none of the patients
in our study had splenectomy or asplenia as a risk factor, even though
these conditions are known to increase the risk of invasive infections
with other bacteria with a polysaccharide capsule, such as pneumococci
and menigococci (Tahir et al., 2020; Sinwar et al., 2014).

Sepsis of unknown origin was by far the most common manifestation
in all age groups. The typical GBS infection in neonates was a very early-
onset infection of sepsis of unknown focus in a preterm neonate. The
second most common manifestation among adults and elderly patients
was arthritis and bursitis. This was also shown in a previous study from
the same region (Dahl et al., 2003) and has been demonstrated in a
recent study from Thailand (Ruksasakul et al., 2019). Aside from these
two main manifestations, there was a large number of manifestations
associated with different organs.

The leading underlying diseases in adult and elderly patients were
cardiovascular disease, diabetes, malignant diseases, and alcohol and
drug abuse. However, GBS can cause invasive infections in children and
adults with no concurrent disease. Among the children and adults <
65 years studied, 19/60 (32%) and 120/469 (26%), respectively, had
no known concurrent disease. The very high incidence of invasive GBS
infections in elderly patients suggests the need to consider vaccination
against GBS in this age group, in line with recommendations for pneu-
mococcal vaccination among elderly people issued by the US Centers
for Disease Control (www.cdc.gov/vaccines/vpd pneumo/hcp/PCV13-
adults.html) as well as the Swedish Board of Health and Welfare
(folkhalsomyndigheten.se). It would be important for such a vaccine to
contain GBS serotype V, the most common serotype found in nonpreg-
nant adults and elderly patients (High et al., 2005; Johansson Gudjons-
dottir et al., 2015).

Conclusion

GBS is an important pathogen in all age groups, particularly in el-
derly patients and in those with severe underlying diseases. Further-
more, intrapartum antibiotic prophylaxis significantly decreases the in-
cidence of very early-onset infections (Table 2).
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