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ABSTRACT

Background: To assess the risk factors associated with early onset group B streptococcal disease and newborn outcomes in a
tertiary care center in Pakistan.

Methods: A prospective cohort study design was implemented in the postnatal wards and neonatal intensive care unit of Aga
Khan Hospital between 15 December 2021 — 15 June 2022. The exposed group included all pregnancies with risk of GBS
infection, the un-exposed group included all pregnancies with no risk factors for GBS. All births were followed for outcomes
during admission and after discharge for 28 days of life. Information about the mother and baby dyad was retrieved from the
medical records. A second proforma was filled out at the time of discharge (2 to 5 days of life for healthy babies and at 10 to 15
days of life for babies admitted for NICU). These were the average length of stay of healthy and ill newborns at our facility.) The
final follow up was at 28 days of life which was at the clinic or telephonic. Data on morbidities such as sepsis, use of antibiotics
and hospitalization breast feeding practices was captured at the day 28 follow up.

Results: A total of 78 patients were included, with a mean maternal age of 30.82 + 4.65 years and gestational age of 37.26 +
2.1 weeks. GBS colonization was positive in high vaginal swab in 23 (29.5%) patients, in urine culture in 16 (20.2%) patients,
and 1 (1.3%) patient who delivered a previous baby with GBS infection. Two patients suffered from pneumonia among them one
patient also had sepsis and 77 patients were stable at 28 days. In 16 (41%) cases of GBS colonization, high vaginal swab
yielded a negative result. Similarly, in 23 (59%) patients with GBS colonization, urine culture was also negative. Only one patient
with GBS colonization had a history of a previous infant with GBS infection. Approximately 70% of GBS positive had PROM.
Maternal Leukocytosis and tachycardia were significantly higher in patients with GBS (p<0.0001). Uterine tenderness was found
in 14 (35.9%) mothers with GBS colonization (p<0.0001). Intrapartum fever was significantly more common in mothers with
GBS colonization (p=0.011). Tachycardia was significantly higher in neonates of mothers with GBS colonization (p=0.01). Need
of oxygen was significantly higher in neonates with mothers having GBS colonization (p=0.002).

Conclusion: In hindsight, GBS colonization and the early onset of Group B streptococcus infection is a public health issue in
Pakistan that requires attention. Recommended antenatal screening measures should be implemented, as well as the
necessary steps, such as an antibiotics treatment regimen following a positive GBS colonization report, to protect newborns
from this disease.
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INTRODUCTION

Infection with group B streptococcus (GBS) is a dangerous
condition that still has a high fatality rate. It is a major contributor to
early-onset sepsis in newborns and young children worldwide. 2
GBS causes sepsis, pneumonia, and encephalopathy in newborns
and is vertically transferred to them after delivery. * According to a
local survey, there are 31.3 occurrences of neonatal sepsis for
every 1000 live births.*

A study from U.K reports incidence of GBS disease
presenting as pneumonia to be 20%.4 Disease burden of neonatal
invasive disease in Netherland in 2017 reports neonatal GBS
meningitis incidence to be 15/100,000 live births.®

Maternal problems such as urinary tract infections (UTIs),
endometritis, chorioamnionitis, meconium-tainted beverages, and
even miscarriage are linked to clinical GBS infection. 2 The
gramme positive bacterium is a normal component of the adult
anorectal flora and has the potential to invade the vagina. The
fetus contracts an intrauterine infection due to the ascending
transmission of GBS from an asymptomatic woman's vagina.
Despite the fact that many newborns might get an infection while
being delivered, the majority of them show no symptoms at all. 2
The prevalence of GBS vaginal colonization varies between
research and ranges from 0% to 36%, with the majority of studies
finding colonization rates of above 20% in women of reproductive
age. ®

A study conducted in USA showed 21.6% of the population
was GBS colonized and 0.1% had invasive GBS disease.” A study
conducted in India showed GBS colonization prevalence was
15%.8

With emerging antimicrobial resistance and limited choice of
antimicrobials, management of neonatal complications is

challenging. Considering the burden of GBS invasive diseases in
neonates and non-availabilty of GBS vaccine, knowledge
regarding the prevalence, management and outcome of neonatal
GBS is of crucial importance.

The World Health Organization has prioritised developing a
vaccination for pregnant women as a possible method of
preventing neonatal and newborn GBS illness (WHO). The
development of GBS serotype-specific polysaccharide protein
conjugate vaccines is progressing. All pregnant women should get
GBS rectovaginal screening cultures between 36+0 and 37+6
weeks of gestation, according to the 2019 ACOG
recommendations. Although commercially accessible and capable
of producing findings in less than 2 hours, quick diagnostic
techniques like the nucleic acid amplification test (NAAT) for GBS
are not advised as a substitute for prenatal culture or risk-based
evaluation for women with unknown GBS status.®

Aga Khan University Hospital's Obstetrics and Gynecology
department has a delivery per annum of 6000. A recent study
concluded the overall prevalence of GBS colonization to be 17%
among pregnant women.? With this background information, we
intend to determine the impact of GBS colonization on pregnancy
outcome with respect to early onset neonatal sepsis and NICU
admission in newborns.

The current study aimed to determine the neonatal and
maternal risk factors for the condition Early Onset Group B
Streptococcus (EOGBS) in a tertiary care hospital. Furthermore,
the study determined the spectrum of morbidities such as sepsis,
meningitis, and pneumonia in neonates diagnosed with early onset
GBS and documented the frequency of late onset sepsis at day 28
of life.
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MATERIAL AND METHODS

A prospective cohort study design was implemented in the
postnatal wards and neonatal intensive care unit of Aga Khan
Hospital between 15 December 2021 — 15 June 2022. The study
was initiated after procuring the approval of the departmental and
institutional review board.

Sample size was estimated by using OpenEPI calculator by
taking statistic of survival without morbidity of infected group 26.1%
and non-infected group 59.4%.2° Power of test was 80%, ratio of
exposed to unexposed was 1 and two sided significance level was
95%, estimated sample size in each group was 39 and total
sample size was 78.

The exposed group included all pregnancies with risk of
GBS infection delivered at AKU whereas the un-exposed group
included all Pregnancies with no risk factors for GBS. Those
mothers who had a neonate with congenital anomalies were
excluded from the study.

We recruited pregnant females with risk factors for GBS
infection such as (bacteriuria in the current pregnancy, preterm
delivery, prolonged rupture of membrane, intrapartum fever, and
previous delivery of an infant affected by GBS disease, NVD). The
study participants were identified from the labor ward /postnatal
ward registry from the Labour Room Management System
(LRMS).

The unexposed group were all pregnant females and their
newborns without GBS risk factors delivered at the same hospital.
They were matched for gestational age and mode of delivery.

All births were followed for outcomes during admission and
after discharge for 28 days of life. Information about the mother
and baby dyad was retrieved from the medical records. Laboratory
data was captured through the My-patient application. A preformed
proforma with demographic details, maternal and newborn
variables was filled at the time of delivery for the outcomes of the
baby for both the exposed and unexposed groups.

A second proforma was filled out at the time of discharge (2
to 5 days of life for healthy babies and at 10 to 15 days of life for
babies admitted for NICU). These were the average length of stay
of healthy and ill newborns at our facility.)

The final follow up was at 28 days of life which was at the
clinic or telephonic. Data on morbidities such as sepsis,
pneumonia, meningitis, use of antibiotics and hospitalization breast
feeding practices was captured at the day 28 follow up. The
management of mother and baby was as per institutional
protocols.

NICU fellows collected the data. The identity of the recruits
was kept confidential and a study ID number was allocated.
Standard proforma was used to record variables on antenatal,
postnatal and history of illnesses.

SPSS software version 21 was used to enter and analyse all
data. Clinically applicable cutoff criteria were used to classify
continuous variables. For categorical data, frequency and
percentage calculations were made, as well as mean and standard
deviation calculations for continuous variables. Bivariate analyses
were conducted to determine the relationship between risk
variables and the emergence of newborn GBS infection, and P
values would be determined using the X2 test or Student's t-test as
necessary. Logistic regression was used in a multivariate study to
determine the EOGBS illness risk variables. The relative risk and
95% confidence interval of the results were presented. Statistical
significance was defined as a p-value 0.05.

RESULTS

A total of 78 patients were included, with a mean maternal age of
30.82 + 4.65 years and gestational age of 37.26 + 2.1 weeks.
Other clinical parameters are presented in Table 1.

Maternal factors are presented in Table 2. GBS colonization
was positive in high vaginal swabs in 23 (29.5%) patients, in urine
culture in 16 (20.2%) patients, and in 1 (1.3%) patients who
delivered a baby with GBS infection.

Table 1: Patient and mother clinical characteristics

Characteristic N (%) / Mean = SD
Exposed

Yes 39 (50%)
No 39 (50%)
Maternal age (years) 30.82 + 4.65
Gestational age (weeks) 37.26+2.1
Gravida 2.58 £1.53
Parity 1.28+1.14
Birth weight (kg) 2.84+0.57
Previous live births

0 29 (37.2%)
1 19 (24.4%)
2 21 (26.9%)
3 or more 9 (11.5%)
Previous Fetal deaths

0 56 (71.8%)
1 18 (23.1%)
2 2 (2.6%)

3 2 (2.6%)
Gender

Male 43 (55.1%)
Female 35 (44.9%)
Gravida type

Primigravida 25 (32.1%)
Multigravida 53 (67.9%)

Table 2: Maternal Factors
Factors

Maternal GBS colonization as
evidenced by

Positive high vaginal swab
Urine culture

previous baby with GBS infection
PROM > 18 hours
Chorioamnionitis

Maternal Leukocytosis
Maternal tachycardia

N (%) / Mean + SD

23 (29.5%)
16 (20.2%)
1 (1.3%)

13 (16.7%)

12 (15.4%)
13 (16.7%)

Fetal tachycardia 5 (6.4%)
Uterine tenderness 14 (17.9%)
Intrapartum fever 6 (7.7%)

Delivery before 37 weeks of gestation |11 (14.1%)
Vaginal delivery 48 (61.5%)
Intrapartum antibiotics duration (hours) |6.61 + 9.33
Postpartum antibiotics duration (days) [4.1 + 3.66

Use of antenatal steroids

Yes 7 (9%)
No 71 (91%)
Number of doses

0 71 (91%)
1 3 (3.8%)
2 4 (5.1%)
Last dose (hours)

3 4 (5.1%)

Neonatal factors are presented in Table 3. About 15 (19.2%)
and 20 (25.6%) neonates had tachycardia and tachypnea,
respectively. One neonate had GBS in blood culture.

Table 3: Neonatal factors

Factors N (%) / Mean = SD
Temperature > 38.5 C 1(1.3%)
Tachycardia 15 (19.2%)
Tachypnea 20 (25.6%)

GBS in blood culture 1(1.3%)

GBS in CSF culture 0 (0%)

GBS in urine culture 0 (0%)

Raised CRP 7 (9%)

Raised procalcitonin 0 (0%)
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Leukocytes (thousands) 13.53 + 5.79 Table 5: Association between maternal factors and Group B Streptococcus
Infiltrate on CXR 5 (6.4%) colonization —— |
Oxygen requirement 20 (25.6%) y:gose no pvaue
CPAP 6 (7.7%) Positive high <0.0001
Assisted ventilation 4 (5.1%) vaginal swab
Duration of assisted ventilation (days) Yes 23 (59%) 0 (0%)
2 1 (1.3%) No 16 (41%) 39 (100%)
3 1(1.3%) :(Jrine culture G D) <0.0001
es o 0
20 i Eiggﬁg No _ 23 (59%) 39 (100%)
. previous baby with 0.314
Dose of surfactant GBS infection
No dose 74 (94.9%) Yes 1 (2.6%) 0 (0%)
1 3 (3.8%) No 38 (97.4%) 39 (100%)
2 1 (1.3%) PROM 0.001
" sy Lesn
0 . 0 . 0
€T 0 (0%) Maternal <0.0001
EEG 0 (0%) Leukocytosis
Convulsion 0 (0%) Yes 12 (30.8%) 0 (0%)
Tube Feeding 9 (11.5%) No 27 (69.2%) 39 (100%)
Duration of antibiotic (days) (30 Maternal <0.0001
patients) 4+4.07 tachycardia
NICU stay (days) (9 patients) 8.67 + 13.05 Yes 13 (33.3%) 0 (0%)
Hospital stay (days) 3.54 +5.68 No ' 26 (66.7%) 39 (100%)
OUIcOmes Fetal tachycardia 0.021
: Yes 5 (12.82%) 0 (0%)
Sepsis 1 (1.3%) 34
Meningitis 0 (%) No (87.18%) 39 (100%)
Pneumonia 2 (2.6%) Uterine tenderness <0.0001
Mortality 0 (%) Yes 14 (35.9%) 0 (0%)
Stable at 28 days 77 (98.7%) IN? — 25 (64.1%) 39 (100%) T
ntrapartum rever .
Normal CSF DR 2 (2.6%) Yes 6 (15.4%) 0 (0%)
0, 0,
Two patients suffered from pneumonia among them one also gg“very before 37 33 (84.6%) 39 (100%)
had sepsis, while 77 patients were stable at 28 days. weeks of gestation 0.329
Yes 7 (17.9%) 4 (10.3%)
Table 4: Association between antenatal parameters and Group B No 32 (82.1%) 35 (89.7%)
Streptococcus colonization Vaginal delivery 0.005
Exposed p-value Yes 30 (76.9%) 18 (46.2%)
yes no No 9 (23.1%) 21 (53.8%)
Previous live births 0.038 Use of antenatal 0.235
0 20 (51.3%) 9 (23.1%) steroids
3 0 (0%) 5 (12.8%) Yes 2 (5.1%) 5 (12.82%)
4 2 (5.1%) 1 (2.6%) 34
5 0 (0%) 1 (2.6%) No 37 (94.9%) (87.18%)
Previous Fetal Number of doses 0.108
deaths 0.102 34
0 31 (79.5%) 25 (64.1%) 0 37 (94.9%) (87.18%)
1 5 (12.8%) 13 (33.3%) 1 2 (5.1%) 1 (2.56%)
2 2 (5.1%) 0 (0%) 2 0 (0%) 4 (10.26%)
3 1 (2.6%) 1 (2.6%)
Gender 0.111 Tachycardia was significantly higher in neonates of mothers
male 18 (46.2%) 25 (64.1%) with GBM colonization (p=0.01). Need of oxygen was significantly
female 21 (53.8%) 14 (35.9%) higher in neonates with mothers having GBM colonization
Grav_lda t_ype 0.002 (p=0.002)
primigravida 19 (48.7%) 6 (15.4%) ' ’
i i 0, 0,
multigravida 20 (51.3%) 33 (84.6%) Table 6: Association of neonatal outcomes and GBM colonization in mother

In 16 (41%) cases of GBS colonization, high vaginal swab :Z(Sosed o p-value
yielded a negative result. Similarly, in Temperature 0314

23 (59%) patients with GBS colonization, urine culture was Yes 1 (2.6%) 0 (0%)
also negative. Only one patient with GBS colonization had a No 38 (97.4%) 39 (100%)
history of a previous infant with GBS infection. Approximately 70% Tachycardia 0.01
of Yes 12 (30.8%) 3 (7.7%)

GBS positive had PROM. Maternal Leukocytosis and No 27 (69.2%) 36 (92.3%)
tachycardia were significantly higher in patients with GBS Tachypnea 0.038
(p<0.0001). Uterine tenderness was found in 14 (35.9%) mothers Yes 14 (35.9%) 6 (15.4%)
with GBS colonization (p<0.0001). Intrapartum fever was No 25 (64.1%) 33 (84.6%)
significantly more common in mothers with GBS colonization Su?tﬁrg‘ blood 0.314
(p=0.011). Yes 1(2.6%) 0 (0%)

No 38 (97.4%) 39 (100%)
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Raised CRP 0.235

Yes 5 (12.82%) 2 (5.1%)

No 34 (87.18%) 37 (94.9%)

Infiltrate on CXR 0.165

Yes 4 (10.3%) 1 (2.6%)

No 35 (89.7%) 38 (97.4%)

Oxygen

requirement 0.002

Yes 16 (41%) 4 (10.3%)

No 23 (59%) 35 (89.7%)

CPAP 1

Yes 3 (7.7%) 3 (7.7%)

No 36 (92.3%) 36 (92.3%)

Assisted ventilation 0.305

Yes 1 (2.6%) 3(7.7%)

No 38 (97.4%) 36 (92.3%)

Surfactant 1

Yes 2 (5.1%) 2 (5.1%)

No 37 (94.9%) 37 (94.9%)

Tube Feeding 0.723

yes 5 (12.82%) 4 (10.3%)

no 34 (87.18%) 35 (89.7%)

Sepsis 0.314

yes 1 (2.6%) 0 (0%)

no 38 (97.4%) 39 (100%)

Pneumonia 0.152

yes 2 (5.1%) 0 (0%)

no 37 (94.9%) 39 (100%)

Stable at 28 days 0.314

yes 38 (97.4%) 39 (100%)

no 1 (2.6%) 0 (0%)

Normal CSF DR 1

yes 1 (2.6%) 1 (2.6%)

no 38 (97.4%) 38 (97.4%)
DISCUSSION

We used a prospective cohort study design in our tertiary care
hospital's postnatal wards and neonatal intensive care unit to
assess the maternal and neonatal risk factors associated with early
onset group B streptococcal disease and its outcomes. Following
that, our study determined the spectrum of morbidities in neonates
diagnosed with early-onset GBS, including sepsis, meningitis, and
pneumonia, as well as the frequency of late-onset sepsis at day 28
of life.

Premature rupture of membranes (PROM) was significantly
associated with maternal Group B streptococcus colonization in
our study. This finding is similar to several studies. **? Kim et al.
identified obstetric and maternal factors related to Group B
Streptococcus (GBS) colonization in pregnant women in Korea.°
The research discovered a strong correlation between GBS
colonisation and early membrane rupturing (PROM, more than 18
hours).%° Benitz et al. conducted a literature review and found that
PROM was a risk factor for early-onset Group B streptococcus
infection.'* A reason for this could be that Inflammation caused by
Group B streptococcus infection leads to the weakening of the fetal
membranes among pregnant women, thus contributing to
premature rupture of membranes. Our finding is also similar to a
prospective cohort study by Warrier et al. that showed PROM to be
significantly associated with maternal GBS colonization.*?> On the
contrary, our finding differed from a prospective study by Rocchetti
et al. that showed PROM to not be significantly associated with
maternal GBS colonization. This could be because Rocchetti et al.
involved PROM from gestation that had occurred previously and
not PROM from the current gestation.®

Our results were similar to a retrospective study by Schrag
et al. that showed that intrapartum fever was associated with early-
onset group B streptococcal disease.’* Similarly, a study by
Puopolo et al. concluded that maternal fever was a strong indicator
of GBS infection.’® Likewise, Benitz et al. similarly revealed that
intrapartum fever was a risk factor for early-onset Group B
streptococcus infection.’* A systematic review of 30 articles,
including 20328 GBS-colonized pregnant women by Russell et al.,

also involves intrapartum fever as a risk factor for early-onset
Group B streptococcus infection.® On the contrary, our finding was
different from Kim et al. that showed that fever was not significantly
associated with Group B streptococcus (GBS) colonization.°

According to our study, a positive high vaginal swab was
statistically significantly associated with maternal Group B
streptococcus colonization. This is in accordance with a study by
Benitz et al. that revealed that a positive vaginal culture was a risk
factor for early-onset GBS infection.!* Benitz et al. found that GBS
positive vaginal culture at delivery (OR: 204), GBS-positive
rectovaginal culture at 28 weeks of gestation (OR: 9.64) or 36
weeks gestation (OR: 26.7) were risk factors for early-onset Group
B streptococcus disease.!

In our study, urine culture is a statistically significant risk
factor for maternal Group B streptococcus colonization. In
accordance with our study, a prospective study by Moller et al. that
compared neonatal attack rates in women with and without GBS
bacteriuria.'” This study revealed a 2.5% GBS bacteriuria
prevalence amongst mothers between 12 and 38 weeks.'” In
addition, this study found 5 confirmed instances of GBS sepsis in
68 children delivered to women, compared to O occurrences in
2677 newborns who did not have GBS bacteriuria (P- value less
than 0.001). A reason for this could be that GBS can colonize the
bowel, genital tract, urinary tract, throat, or respiratory tract of
some adults. Furthermore, Our findings are similar to those of a
Croatian study that found a link between GBS positive urinary
culture and vaginal GBS colonisation, with the former increasing
the likelihood of the latter.'® On the other hand, our finding differed
from Benitz et al. that suggested that although an association
between maternal GBS bacteriuria and neonatal sepsis existed,
the attack rate was not significantly different from that in controls.!!
Likewise, a study by Schrag et al. also showed that group B
streptococcal bacteriuria during pregnancy was not associated with
an increased risk of early-onset disease.*

Our study revealed that having a previous baby with a GBS
infection was not significantly associated with GBS colonization.
This differs from a multistate retrospective cohort study by Schrag
et al. that analyzed 5144 births.'* This involved 312 cases in which
the newborns had early-onset group B streptococcal disease. In
addition, antenatal screening was documented for 52 percent of
the mother study showed that having a previous infant with group
B streptococcal disease was one of those factors that were
associated with the highest risk of early-onset disease.In terms of
fetal tachycardia, uterine tenderness, or maternal leukocytosis, our
findings are similar to those of Benitz et al., which reveals that
these occurred in 1.0% to 3.8% of parturients and were associated
with neonatal GBS attacks.™

Our study showed that delivery prior to 37 weeks of
gestation was insignificantly associated with maternal GBS
colonization. This is similar to a study by Chen et al. that observed
preterm delivery (less than 37 weeks) insignificantly correlated with
GBS colonization.*

Our study is limited by a small sample size due to which
study findings cannot be generalized. Furthermore, non probability
convenience sampling was used, which may lead to a selection
bias.

CONCLUSION

On the basis of the above obtained results and literature review,
we conclude that GBS infection in the mother is a well-known risk
factor, but the chance of a neonate to develop invasive GBS
disease is negligible. Considering this, the practice to initiate
prophylactic GBS treatment in the neonate even if the mother is
GBS colonized needs to be justified as invasive GBS disease
among exposed neonates from our study proves to be not
significant. It is suggested that institutional guidelines be prepared
in this regard and antibiotic stewardship be followed in order to
avoid antimicrobial resistance and antimicrobial treatment
complications in the neonate.
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interdepartmental

However, we also recommend larger scale study with
collaborations and multidisciplinary teams

including infectious disease, microbiologist, obstetricians and
neonatologists for the management of this disease in the mother
as well as newborn.

REFERENCES

1.

Asghar S, Khan JA, Mahmood MS, Arshad MI, Dowling D, Schierholz
E. A Crosssectional Study of Group B Streptococcus—Associated
Sepsis, Coinfections, and Antibiotic Susceptibility Profile in Neonates
in Pakistan. Advances in Neonatal Care. 2020 Aug 1;20(4):E59-69.
Masroori EA, Uraba WB, Al Hashami H. Incidence and outcome of
group B streptococcal invasive disease in Omani infants. International
Journal of Pediatrics and Adolescent Medicine. 2020 Sep 1;7(3):136-
9.

Verani JR, McGee L, Schrag SJ. Prevention of perinatal group B
streptococcal disease: revised guidelines from CDC, 2010.

Heath PT, Balfour G, Weisner AM, Efstratiou A, Lamagni TL, Tighe
H, O'Connell LA, Cafferkey M, Verlander NQ, Nicoll A, McCartney
AC. Group B streptococcal disease in UK and Irish infants younger
than 90 days. The Lancet. 2004 Jan 24;363(9405):292-4.

de Gier B, van Kassel MN, Sanders EA, van de Beek D, Hahné SJ,
van der Ende A, Bijlsma MW. Disease burden of neonatal invasive
Group B Streptococcus infection in the Netherlands. PloS one. 2019
May 9;14(5):€0216749.

Pignanelli S, Pulcrano G, Schiavone P, Di Santo A, Zaccherini P.
Selectivity evaluation of a new chromogenic medium to detect group
B Streptococcus. Indian Journal of Pathology and Microbiology. 2015
Jan 1;58(1):45.

Edwards JM, Watson N, Focht C, Wynn C, Todd CA, Walter EB,
Heine RP, Swamy GK. Group B streptococcus (GBS) colonization
and disease among pregnant women: a historical cohort study.
Infectious diseases in obstetrics and gynecology. 2019 Feb 3;2019.
8. Chaudhary M, Rench M, Singh P, Hans C, Baker CJ, Edwards M.
Prevalence of Group B Streptococcal (GBS) Colonization among
Pregnant Women in Delhi, India. InOpen Forum Infectious Diseases
2016 Dec 1 (Vol. 3, No. suppl_1, p. 2260). Oxford University Press.
Baker CJ, Barss VA. Neonatal group B streptococcal disease:
prevention. UpToDate. 2019.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kim EJ, Oh KY, Kim MY, Seo YS, Shin J-H, Song YR, et al. Risk
Factors for Group B Streptococcus Colonization Among Pregnant
Women in Korea. Epidemiology and Health. 2011 Nov
11;33:€20110010.

Benitz WE, Gould JB, Druzin ML. Risk Factors for Early-onset Group
B Streptococcal Sepsis: Estimation of Odds Ratios by Critical
Literature Review. Pediatrics [Internet]. 1999

Jun 1 [cited 2021 Mar 19];103(6):e77-7. Available from:
https://pediatrics.aappublications.org/content/103/6/e77.long

Warrier LM, Joy S, Bashir RA. Group B Streptococcal Colonization
among Pregnant Women and Neonates in a Tertiary Care Hospital in
South India. Indian Journal of Pediatrics. 2022 Apr 19:1-8.

Rocchetti TT, Marconi C, Rall VL, Borges V, Corrente JE, da Silva
MG. Group B streptococci colonization in pregnant women: risk
factors and evaluation of the vaginal flora. Archives of gynecology
and obstetrics. 2011 Apr;283(4):717-21.

Schrag SJ, Zell ER, Lynfield R, Roome A, Arnold KE, Craig AS, et al.
A Population-Based Comparison of Strategies to Prevent Early-Onset
Group B Streptococcal Disease in Neonates. New England Journal of
Medicine. 2002 Jul 25;347(4):233-9.

Puopolo KM, Draper D, Wi S, Newman TB, Zupancic J, Lieberman E,
et al. Estimating the Probability of Neonatal Early-Onset Infection on
the Basis of Maternal Risk Factors. PEDIATRICS. 2011 Oct
24;128(5):e1155-63.

Russell NJ, Seale AC, O’Sullivan C, Le Doare K, Heath PT, Lawn JE,
et al. Risk of EarlyOnset Neonatal Group B Streptococcal Disease
With Maternal Colonization Worldwide: Systematic Review and Meta-
analyses. Clinical Infectious Diseases. 2017 Nov
6;65(suppl_2):S152-9.

Mgller M, Borch K, Thomsen AC, Dinesen K, Zdravkovic M.
RUPTURE OF FETAL MEMBRANES AND PREMATURE DELIVERY
ASSOCIATED WITH GROUP B Streptococci In Urine Of Pregnant
Women. The Lancet. 1984 Jul;324(8394):69-70.

Miiller-Vranje$ A, Puntarié D, Curzik D, Sijanovié¢ S, Topolovec Z,
Kasac Z, Miskulin M. Prevalence and Significance of Vaginal Group B
Streptococcus olonization in Pregnant Women from Osijek, Croatia.
Collegium antropologicum. 2011 Mar 7;35(1):21-6.

Chen J, Fu J, Du W, Liu X, Rongkavilit C, Huang X, Wu Y, Wang Y,
McGrath E. Group B streptococcal colonization in mothers and
infants in western China: prevalences and risk factors. BMC
infectious diseases. 2018 Dec;18(1):1-8.

580 PJMHS Vol. 17, No. 01, January, 2023


https://pediatrics.aappublications.org/content/103/6/e77.long
https://pediatrics.aappublications.org/content/103/6/e77.long
https://pediatrics.aappublications.org/content/103/6/e77.long

