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Abstract

Background Maternal rectovaginal colonization by group B Streptococcus (GBS) increases the risk of perinatal GBS
disease that can lead to death or long-term neurological impairment. Factors that increase the risk of rectovaginal
GBS carriage are incompletely understood resulting in missed opportunities for detecting GBS in risk-based

clinical approaches. There is a lacking consensus on whether gestational diabetes mellitus (GDM) is a risk factor for
rectovaginal GBS. This systematic review and meta-analysis aims to address current conflicting findings and determine
whether GDM should be clinically considered as a risk factor for maternal GBS colonization.

Methods Peer-reviewed studies that provided GDM prevalence and documented GBS vaginal and/or rectal
colonization in women with and without GDM were included in this analysis. From study inception to October

30, 2023, we identified 6,275 relevant studies from EMBASE and PUBMED of which 19 were eligible for inclusion.
Eligible studies were analyzed and thoroughly assessed for risk of bias with a modified Newcastle-Ottawa Scale that
interrogated representativeness and comparability of cohorts, quality of reporting for GDM and GBS status, and
potential bias from other metabolic diseases. Results were synthesized using STATA 18 and analyzed using random-
effects meta-analyses.

Results Studies encompassed 266,706 women from 10 different countries, with study periods spanning from 1981
to 2020. Meta-analysis revealed that gestational diabetes is associated with a 16% increased risk of rectovaginal GBS
carriage (OR 1.16, CI 1.07-1.26, P=0.003). We also performed subgroup analyses to assess independent effects of
pregestational vs. gestational diabetes on risk of maternal GBS carriage. Pregestational diabetes (Type 1 or Type 2
diabetes mellitus) was also associated with an increased risk of 76% (pooled OR 1.76, Cl 1.27-2.45, P=0.0008).

Conclusions This study achieved a consensus among previously discrepant observations and demonstrated that
gestational diabetes and pregestational diabetes are significant risk factors for maternal rectovaginal carriage of
GBS. Recognition of GDM as a risk factor during clinical decisions about GBS screening and intrapartum antibiotic
prophylaxis may decrease the global burden of GBS on maternal-perinatal health.
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Introduction

Group B Streptococcus (GBS) remains a leading cause
of neonatal morbidity and mortality across the globe
despite nearly two decades of systematic implementa-
tion of preventative approaches that include universal
maternal screening or risk-based administration of anti-
biotics during delivery [1]. GBS colonizes the vaginal
and/or gastrointestinal tract of about 18% of pregnant
women [2, 3]. Neonates can acquire GBS during pas-
sage through the vaginal canal during delivery, and GBS
also has the capacity to cause ascending intraamniotic
infection. While some women and their neonates are
colonized without symptoms, GBS can cause devas-
tating complications and disease such as spontaneous
abortion, preterm labor, stillbirth, and neonatal sep-
sis and meningitis [1, 4]. The mechanisms driving the
divergence in GBS pathogenic vs. commensal behavior
is poorly understood. Currently, the following maternal
factors are clinically recognized for increasing the risk
of GBS neonatal disease and are used to identify women
who should be given intrapartum antibiotic prophylaxis
(IAP): (1) previous infant with early-onset GBS disease
(EOGBS), (2) GBS bacteriuria during the current preg-
nancy, (3) temperature >38 °C during labor, (4) prolonged
rupture of membranes (PROM)>18 h, or (5) delivery at
<37 weeks of gestation [5]. Some countries practice this
risk-based approach and others implement universal
screening of women around 35 weeks of gestation, with
subsequent IAP for those who have rectovaginal GBS
carriage. Screening based approaches are associated with
enhanced protection against neonatal GBS early onset
disease (EOD; occurring in the first week of life) com-
pared to risk-based strategies [5], which suggests that we
have yet to understand all of the maternal factors that
predict GBS disease. Additionally, up to 46% of cases of
EOD occur in the absence of the risk factors currently
used for clinical decision making [5-7].

One possible additional risk factor for maternal recto-
vaginal GBS colonization is gestational diabetes mellitus
(GDM) which affects approximately 14% of pregnancies
worldwide [8]. GDM, diabetes that develops during preg-
nancy, is a state of heightened insulin resistance, insuf-
ficient pancreatic insulin production, hyperglycemia,
immune dysregulation, and altered vaginal microbial
composition [9-12]. This systemic disruption to mater-
nal physiology leads to an increased risk of complications
including preterm birth, pre-eclampsia, and a long-term
increased risk of cardiovascular disease in both women
and their children. In clinical cohort studies, infants born
to women with gestational diabetes are at greater risk of
early onset culture-verified GBS sepsis [13], late onset
clinical sepsis [14] and extended hospital stay [15]. Con-
sidering that rectovaginal GBS carriage is the primary
risk factor for GBS neonatal sepsis, women with GDM
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may have greater GBS colonization rates thereby impart-
ing increased risk of neonatal disease. Observational
clinical studies have reported conflicting findings on the
association between diabetes (pregestational Type 1 or
Type 2 and GDM) and GBS carriage; some have found
increased risk of GBS colonization [16-21] in diabetic
pregnant women (pregestational and/or gestational),
while others found no association [15, 22, 23]. Several
of these studies did not specifically distinguish pregesta-
tional (Type 1 or Type 2 DM) from GDM. Although these
metabolic diseases share several features, the acuity and
specificity to pregnancy of GDM lends unique insight
into the pathogenic potential of group B Streptococcus.

The aim of this study was to conduct a systematic
review and meta-analysis of the risk for rectovaginal
GBS carriage in women affected by GDM. Resolving
whether GDM is an independent risk factor for maternal
GBS colonization is essential for closing the gap in cur-
rent IAP approaches; a critical step towards reducing the
global burden of GBS-associated neonatal morbidity and
mortality.

Materials and methods

Search strategy and study selection

Studies were identified through a database search that
included PubMed and EMBASE, which encompassed
MEDLINE and preprints as sources (Fig. 1). The search
strategy implemented search terms intended to capture
two kinds of studies: (1) Those that specifically assessed
GBS maternal colonization and/or neonatal transmis-
sion in women with gestational diabetes, and (2) studies
on GBS maternal colonization prevalence which included
information about gestational diabetic status and respec-
tive GBS status.

As such, a combination of the following search terms
was implemented: gestational diabetes or GDM, cho-
rioamnionitis, newborn and sepsis or cocci and sterile
site, and group b streptococcus or GBS or streptococcus
agalactiae, English, humans. The following search terms
were used as filters followed by the word not: in vitro,
ex vivo, animal, tilapia, zebra fish, bovine, breast milk,
phylogeny, case study, cells, case report, urinary tract
infection, non-pregnancy, endocarditis, murine, mouse,
primate. Reviews, conference abstracts and editorials
were excluded from our search. The literature search was
restricted to human studies published in English, with
no study period restrictions (Supplemental Table 1). The
last query was performed on October 30, 2023. Titles and
abstracts were screened for adherence to the inclusion
and exclusion criteria detailed below. We did not pro-
spectively prepare or register the protocol and study, but
we adhered to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) for this sys-
tematic review and meta-analysis.
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Studies excluded (n = 46)
Rationale for exclusion:

» Did not distinguish diabetes type (n = 22)
l » Did not assess GDM as a risk factor (n = 18)
» Incomplete information (e.g. OR reported without Cl) (n = 3)
» Exclusion and inclusion criteria not reported (n = 1)
» Article not in English (n = 1)
» Article not accessible online (n = 1)

Studies identified from: Studies identified from
c EMBASE (n = 6,250) manual search of citations:
o PubMed (n = 39) (n=2)
g
2 ¥ v
=
Studies after de-duplication
(n=6,275)
S
_E’ Studies screened by title
5 and abstract
g (n=6,275)
: }
P R
2 Studies sought for retrieval
= and assessed for eligibility | —p
2 (n=165)
[}
)
3 Studies included in review
3 and meta-analysis
2 (n=19)

Fig. 1 Study identification, screening, and selection process. Flow diagram of selection of the included studies

Inclusion and exclusion criteria

The inclusion criteria for this study were: peer-reviewed
studies that documented GBS vaginal and/or rectal colo-
nization in expectant mothers, with information about
the proportion of women who were clinically diagnosed
with GDM. Studies were required to provide the pro-
portion of women who did not have GDM. We included
studies that potentially had women with pregestational
diabetes in the control, non-GDM, group but we strati-
fied analyses accordingly. Reporting of GDM diagnosis
and maternal GBS vaginal and/or rectal colonization
was accepted through medical records or diagnosis
from medical professionals. Studies were included irre-
spective of sample type used to determine GBS coloni-
zation (vaginal, rectal, or perianal region) and studies
employing molecular or biochemical detection of GBS
were included. Studies with self-collected vaginal swab
samples (n=1) were included. Additionally, observa-
tional, baseline data from interventional, case-control,
retrospective and prospective, cross sectional and cohort
studies were all included. The exclusion criteria for this
study were: case studies, reviews, or letters to the edi-
tor, lack of a GBS negative or non-GDM control group,

published in a language other than English, studies that
did not explicitly state diabetes type (GDM vs. pregesta-
tional diabetes: Type 1 or Type 2 DM), or missing criti-
cal information such as exclusion/inclusion criteria or
GBS and/or GDM prevalence in the study population.
For relatively contemporary studies (published in the past
decade) that did not specify diabetes type, we emailed
corresponding authors to acquire information about
the number of participants that had GDM vs. Type 1 vs.
Type 2 diabetes and their GBS status (=9 studies). One
reviewer screened titles and abstracts, and three review-
ers independently screened full texts to assess studies for
eligibility. Reasons for exclusion of each eligible study are
provided (Supplemental Table 2).

Data extraction and assessment of quality and bias

Two independent reviewers extracted data that included
29 variables: Author, year, PMID, study period, country,
screening IAP criteria during time of study, facility, study
design inclusion criteria, exclusion criteria, total number
of pregnancies/deliveries assessed, number of women
with GDM, number of patients with Type I or Type II
DM, number of non-diabetic controls, number of women
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who were GBS positive, number of women who were
GBS negative in the non-diabetic, pregestational diabetic
and GDM groups, reported OR/RR of GBS colonization
in women with GDM, additional relevant reported find-
ings (i.e. chi-square, ORs for nondiabetic vs. all diabetic
women), mean age of women, GDM diagnostic criteria
and ascertainment, information about medical manage-
ment of GDM, gestational age at time of GBS screen,
GBS detection method (culture, PCR, vaginal, rectal
etc.), findings on maternal GBS invasive disease, findings
on neonatal GBS infection and potential confounders.

All eligible studies were assessed for quality and risk of
bias by two independent reviewers via an adapted New-
castle-Ottawa Scale [24] (Supplemental Table 3) which
focused on four broad criteria: (1) how representative
the groups were of the greater communities from which
the study was conducted, (2) comparability of the groups
to each other with respect to various characteristics
(maternal age, BMI, racial/ethnic representation, socio-
economic status, etc.), (3) quality of outcome assessment
(ascertainment of GBS and GDM status), and (4) poten-
tial of bias from other metabolic diseases in each group
such as obesity and pregestational diabetes (in non-GDM
control group). Each assessment category was scored,
and the sum was used to determine overall quality and
risk of bias for each study. Any discrepancies greater than
2 points for any category were resolved via a discussion
to achieve consensus. A total score < 3 was considered
low bias,> 3 and< 6 indicated moderate bias, and >
6 was classified as high risk of bias. The certainty of evi-
dence was graded into four levels (very low, low, moder-
ate, high) based on GRADE [25] guidelines and this was
used to assess the overall quality of evidence.

Data synthesis and analysis

Unadjusted ORs were calculated for studies in which
only prevalence data were provided, otherwise reported
ORs for GDM or pregestational diabetes were utilized.
OR calculation and analysis were performed using
STATA 18. To calculate ORs, we compared the odds of
rectovaginal GBS carriage in women with GDM versus
women without GDM. For the sub-analysis of women
with pregestational diabetes, we compared the odds of
rectovaginal GBS carriage to nondiabetic women, or to
women with GDM. For sub-analysis of pregestational
diabetes, Piper et al., 1999 [15] could not be included
because this study accounted for effects of pregestational
diabetes by excluding this population entirely from their
study. Forest plots display prevalence, individual ORs
and 95% confidence intervals (CI) and meta-analysis of
pooled ORs with random effects modeling. The I? index
was used to assess the impact of study heterogeneity on
study estimate variance [24], with low, moderate and
high heterogeneity indicated by I* of 25%, 50% and 75%
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respectively [26]. Sensitivity analysis included exclusion
of studies that did not document or control for preges-
tational diabetic prevalence and exclusion of studies with
high risk of bias. The remaining 8 studies then underwent
a meta-analysis of pooled ORs with random effects mod-
eling. Publication bias was assessed with funnel plots of
the ORs (natural logarithm) against the inverse of the
standard error and Egger’s regression test, with P<0.05
indicating a significantly asymmetric funnel plot and thus
significant publication bias.

Results

Study characteristics

The initial search identified 6,275 studies, of which 65
articles passed screening and were subjected to full-text
assessment for eligibility (Fig. 1). 19 articles with study
periods spanning from 1981 to 2020 were eligible based
on the aforementioned criteria, with exclusion of 46 stud-
ies for various reasons (Supplemental Table 2). Table 1
provides a summary of study characteristics. The total
number of women included in this systematic review and
meta-analysis is 266,706; there were 18,715 women with
GDM, 2,598 with pregestational diabetes, and 195,545
without GDM. The studied populations are representa-
tive of many communities across the globe with inclusion
of Australia, Brazil, China, Finland, Lebanon, Mexico,
Morocco, Nigeria, Spain, and the United States. Of these
countries, none were of low-income, three were of lower-
middle income, three were of upper-middle income, and
four were of high-income as determined by the 2023
World Bank guidelines [27]. 6/19 were multicenter stud-
ies [14—16, 28-30] and routine screening for GBS colo-
nization and administration guidelines for intrapartum
antibiotic prophylaxis (IAP) was not an established prac-
tice at the time for 52% of studies (Table 2). Studies also
consisted of a mix of prospective (53%) [14, 15, 17, 18, 29,
31-35], retrospective (16%) [16, 36, 37], cross-sectional
(5%) [30], case-control (16%) [28, 38, 39], and population-
based cohort (11%) [36, 40] study designs. Rectovaginal,
vaginal and/or perineal GBS carriage was determined by
culture for all studies: 14 studies performed rectovaginal
sampling [14, 15, 17, 18, 29, 31-35, 37, 39-41], 3 solely
assessed vaginal carriage [30, 36, 38], and 2 studies used
diagnostic codes from hospital records and thus sampling
method cannot be specified [16, 28]. 5 studies [15, 31, 33,
37, 41] performed culturing and molecular or biochemi-
cal identification as recommended by CDC guidelines
whereas the remaining 14 studies had methods incongru-
ent with guidelines or did not provide enough detail. 6
were found to have low risk of bias, 8 had moderate risk
of bias, and 5 had high risk of bias (Table 1 and Supple-
mental Table 4).
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Table 1 Characteristics of studies included in this systematic review of the association between gestational diabetes and rectovaginal

GBS colonization

Author, Study Country Study Design  Inclusion ()& Meanage GDM diagnos- GBS detec- Potential Risk
year period Exclusion (E) (SD) tic criteria and tion method confounders of
Criteria ascertainment bias
Mator-  1981- Spain Prospective Women ran- 28.0(6.1) Oral GTT around 20 Rectal and Of the 1,050 High
ras, 1985 domly selected. w. Coustan & Lewis vaginal swabs  patients, 729
1988 No criteria Criteria. Pregestational  followed had complica-
[17] specified. diabetes based on by culture tions that were
history of diabetes detection. not specified.
or fasting glyce-
mia > 140 mg/100mL.
Raimer, 11 USA Case-control l: All pregnant Diabetic Oral GTT 24-28 w, Vaginal swab  Significant Mod-
1997 months women present-  30.6 (6.2) considered normal followed difference erate
[27] but year ing to the clinic.  non-dia- below 140 mg/dL, by culture in maternal
is not E:HIV+, history  betic abnormal screen detection. age between
reported of substance 28.5(6.8) (50 g challenge) was diabetic
abuse, current (P=0.02) followed by 3 h GTT and control
STD. (100 g), two elevated groups.
values considered
abnormal.
Ramos, January  USA Prospective I: Singleton Diabetic Oral GTT 24-28 w. At Rectal and N/A. Regres- Low
1997 1995- gestation, intact  27.0 (6.5) least 2 abnormal read- vaginal swabs sion analyses
[18] March membranes non-dia- ings: fasting glucose  followed controlled
1996 at enrollment, betic greater than orequal by culture for maternal
otherwise 24.6+/- (64) to 105 mg/dL, 1 hglu- detection. age, race, and
uncomplicated  (P=0.02) cose (50 g challenge) obesity.
pregnancy. greater than or equal
E: HIV+, chronic to 190 mg/dL, 2 h
steroid therapy, glucose greater than
cervical incom- or equal to 165 mg/
petence, multi- dL, 3 h glucose
fetal gestation. greater than or equal
to 145 mg/dL.
Piperet January  USA Prospective E:Women with  GDM 285  Abnormal glucose Rectovaginal  Diabetic High
al, 1999 1992- previously 6.2) tolerance test with swab followed cohort was
[15] June 1994 affected infants ~ Non-dia- universal screening. by culture significantly
(diabetic and/or pregesta- betic 23.6 detection. older, of
cohort); tional diabetes.  (5.5) higher par-
April (P<0.05) ity, and less
1992-De- likely to de-
cember liver vaginally
1992 compared to
(non- nondiabetic
diabetic controls.
cohort)
Staple-  1997- USA Case-control I All singleton Cases 27.6  Data extracted from ICD codes for  As acknowl- Low
tonet 2002 gestation births ~ (6.1) hospital records. confirmed edged by
al., 2005 in Washington Controls GBS maternal  authors, risk of
28] State. 274 (6.2) colonization disease mis-
E: Patients with orsuspected  classification
missing data. carrier. and cannot
distinguish
women who
were truly GBS
negative vs.
those who
were not

screened.
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Table 1 (continued)
Author, Study Country Study Design  Inclusion ()& Meanage GDM diagnos- GBS detec- Potential Risk
year period Exclusion (E) (SD) tic criteria and tion method confounders of
Criteria ascertainment bias
Me- May-Sep-  Nigeria Prospective l: Third trimester.  29.8 (5) Interviews, question-  Vaginal and Prevalence Mod-
dugu et tember E: Multifetal ges- naires, and hospital rectal swabs  and effects of  erate
al, 2017 2014 tation, placenta records. and culture comorbidi-
[14] previa, or elec- detection ties were not
tive caesarean with confir- considered.
section. mation via
PathoDxtra
Strep Group-
ing kit.
Chenet January-  Western Prospective l:>35w gesta-  Not Data extracted from  Vaginal Prevalence of  Low
al, 2018 June 2017 China tion routine reported. hospital records. and rectal pregestational
[29] prenatal care or swabs and diabetes not
at the time of culture and reported,
delivery. biochemical ~ nor other
E: Multifetal detection. indicators of
gestation, GBS metabolic
culture results stress (BMI).
not available.
Morale-  March- Morocco Prospective [:35-37w 27 +/-6.15  Demographic, Recto-vaginal ~ Control group  High
daet July 2013 who attended socio-economic, and  swabs and might contain
al, 2018 general or high- clinical data collected  culture women with
[30] risk prenatal through standardized  detection. pregestational
visits. High risk questionnaires. diabetes as
included pre- this was not
existing chronic mentioned
conditions, in exclusion
complications criteria and
in previous prevalence of
pregnancies, or pregestational
maternal, fetal, diabetes in
or placental GBS carriers
risks in current and non-
pregnancy, or carriers was
women enrolled not described.
at time of
delivery without
membrane
rupture or
hemorrhage. No
exclusion criteria
described.
Daiet  Not China Prospective I: Native (Chi- GBS+30.04 Not reported. Recto-vaginal  Very strict High
al, 2019 reported nese), 20-46 (3.22) swabbing inclusion
[31] years old, 35-37  GBS-30.67 followed by criteria and
W, no sexual (3.51) PCR on ex- did not assess
intercourse tracted DNA  prevalence of
or antibi- within 24 h of  pregestational
otic application collection. diabetes, nor
within recent differences in
3 months. No BMI.
exclusion criteria
described.
Edwards January  USA Retrospective All pregnant GBS+28.0  ICD codes from hospi-  Used diagnos- Low
etal, 1, 2003 cohort women during  (6.2) tal records. tic codes from
2019 - Decem- the timeframe ~ GBS-28.7 any time dur-
[16] ber 31, were eligible. No  (6.2) ing pregnancy
2015 exclusions. to determine

positivity.
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Table 1 (continued)
Author, Study Country Study Design  Inclusion ()& Meanage GDM diagnos- GBS detec- Potential Risk
year period Exclusion (E) (SD) tic criteria and tion method confounders of

Criteria ascertainment bias
Furfaro  2015- Australia Prospective l:16+yearsold, 32(16-50) Not reported. Self-recto- Low
etal, 2017 cohort Nulliparous/ vaginal swab-
2019 multiparous, bing with
[32] Gestational age two swabs at

of less than 22 each site. One

w at enrollment, swab used for

understand, multiplex PCR

read, and speak and the other

English. for culture

E: Highly depen- detection.

dent on medical

care, cognitive

impairment/

intellectual

disability, illegal

drug use, antibi-

otic/antifungal

use within 2

weeks of sample

collection, mul-

tiple pregnancy

(twins, etc.).
Jietal, January  China Population- I: All pregnant Not Hospital records. Recto- Mod-
2019 2016 based cohort women were provided. vaginal swab erate
[33] - Decem- screened at performed

ber 2016 35-37 w, but by physician

prior to 35w followed

were also tested by RT-PCR

if delivery oc- and culture

curred before detection.

then.

E:Women

whose preg-

nancy did not

resultin labor.
Man- 2012- Spain Case-Control I: Delivery of a GBS+30.84 Not reported. Positive Urine screen-  Mod-
zanares 2014 single live fetus ~ (5.8) culture froma ingreplaced  erate
etal, after 26 w, BMI GBS-30.61 recto-vaginal  culture if
2019 and GBS culture  (5.66) swab at 35-37 positive any
[34] results available. w or GBS bac-  time during

E: Stillbirth, or teriuria any pregnancy,

less than 26 w. time during no descrip-

pregnancy. tion of culture

methods.
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Table 1 (continued)
Author, Study Country Study Design  Inclusion ()& Meanage GDM diagnos- GBS detec- Potential Risk
year period Exclusion (E) (SD) tic criteria and tion method confounders of
Criteria ascertainment bias
Zhuet  April 1, China Retrospective l: Pregnant GBS+29.7  Questionnaire. Vaginal swabs Rectal swabs ~ Mod-
al, 2019 2014 - cohort (popula-  women 35-37 (4.30) followed by were not erate
[35] March 31, tion based) w of gestation GBS-29.51 culture on collected,
2017 or with preterm  (4.32) chromogenic  no PCR was
delivery who agar. Neo- performed.
submitted vagi- nates were
nal swabs. screened by
E:Women who tracheal secre-
did not undergo tion, gastric
GBS screen- fluid, and
ing, prenatal blood sample
diagnosis of culture.
fetal malforma-
tion, greater or
equal to three
prior abortions,
antibiotic usage
in the week prior
to admission.
Alfou-  Not Lebanon Prospective Not reported. Not Questionnaire utilized  Vaginal swabs Control group  Mod-
zanet  reported cross-sectional reported. to gather sociodemo-  followed might include erate
al, 2021 graphic and clinical by culture women with
[36] information. detection. pregestational
diabetes. Only
vaginal swabs
were collected
which may
underesti-
mate GBS
colonization.
Huang June China Prospective I: No vaginal GBS Not Determined from Vaginal and Control group  Mod-
etal, 2019- De- colonization be-  reported. medical records. rectal swabs  mightinclude erate
2021 cember fore pregnancy, followed women with
[37] 2020 single gestation, by PCR pregestational
viable fetus, no detection. diabetes.

antibiotic use
during preg-
nancy, no sexual
activity for 3
days preced-
ing sample
collection and
no vaginally
administered
drugs or vaginal
lavages 2 weeks
before sample
collection.

E: Malignant
tumor, infec-
tious diseases,
comorbidities
involving heart,
liver lungs and
other organs,
genital tract
malformation
orincomplete
medical records.
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Table 1 (continued)

Page 9 of 16

Author, Study Country Study Design  Inclusion ()& Meanage GDM diagnos- GBS detec- Potential Risk
year period Exclusion (E) (SD) tic criteria and tion method confounders of
Criteria ascertainment bias
Placeet January  Finland Retrospective l: Women 314 (5.4) 2h75goralglucose  Vaginal and Allwomenin  Mod-
al, 2021 2014-De- undergoing tolerance test. rectal swabs  this study had erate
[38] cember labor induction, PCR detection an unfavorable
2017 singleton gesta- (Xpert GBS).  cervix.
tion, cephalic
presentation,
unfavorable cer-
vix, intact amni-
otic membranes.
E: Women for
which GBS
testing was
indeterminant.
Del April 2017  Mexico Prospective Not reported. Median Not reported. Recto-vaginal  No definition  High
Carmen - Decem- and range swabbing of GDM.
Pala- ber 2018 of GBS followed by
cios- colonized: culture and
Sauce- 25 (19-37), biochemical
do, et median and identification.
al., 2022 range of
[39] non-colo-
nized: 27
(14-43)
McCoy Decem-  USA Secondary l: singleton 286 Not reported. Recto-vaginal GDM diagnos- Low
etal, ber 2013- analysis of pro-  pregnancy and  (+/-6.3) swabs fol- tic criteria and
2023 February spective cohort  presented prior lowed by differences
[40] 2017 study to 20 w. culture detec- in sever-
E: Major fetal tion per CDC ity of disease
anomaly, HIV guidelines may impact
positive, history findings.

of organ trans-
plant, chronic
steroid use.

Table 2 GBS screening and management practices for clinical sites by study

No established GBS screening or IAP guidelines at the

time of study

Risk based screening and IAP
for positive screens

Universal screening and IAP
for positive screens

Screening and
IAP guidelines
not specified
in study

Matorras et al,, [17]
Ramos et al., [18]
Piper et al, [15]

Raimer et al., [38]
Moraleda et al., [29]

Stapleton et al,, [28]; Edwards et
al, [16]
Furfaro et al,, [33]

Manzanares et
al,, [39]
Alfouzan et al,,

Medugu et al,, [14]

Chen et al, [20]

Daietal, [32]

Zhu et al, [36]

Huang et al, [34]

Place et al, [37]

Del Carmen Palacios-Saucedo, et al., [35]

Jietal, [40] [30]
McCoy et al,, [41]

Association between gestational diabetes and maternal
GBS colonization

A meta-analysis of the association between gestational
diabetes and maternal rectovaginal GBS carriage revealed
that women with GDM are 16% more likely to be colo-
nized by GBS compared to women without GDM (pooled
OR 1.16, CI 1.07-1.26, P=0.003) (Fig. 2). Heterogeneity

of all studies was moderate (I°=34.9, P=0.02). A signifi-
cant driver of heterogeneity was whether the prevalence
of pregestational diabetes was accounted for in the study
population; sub-analysis revealed that when pregesta-
tional diabetes prevalence was not documented, and pos-
sibly present in the GDM group, women with GDM had
a 43% increased risk of GBS colonization (OR 1.43, CI
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GDM Control Odds Ratio Weight
Study GBS+ GBS- GBS+ GBS- (95% Cl) (%)
Pregestational diabetes prevalence indeterminate
Medugu, 2017 11 7 160 322 —0— 2.40(0.82, 7.02) 0.54
Chen, 2018 51 832 159 2397 %% 0.92(067, 1.27) 4.89
Moraleda, 2018 5 13 77 254 —o— 1.27 (0.44, 3.67) 0.55
Dai, 2019 8 18 40 314 T ——— 349(142, 854) 077
Ji, 2019 39 908 228 8685 —— 1.60(1.13, 2.26) 4.38
Zhu, 2019 1243 7064 5690 35911 <> 1.11 (1.04, 1.19) 21.44
Alfouzan, 2021 8 21 21 95 —_— 1.72(0.67, 4.42) 0.70
Huang, 2021 41 27 79 93 e 1.79(1.01, 3.16) 1.81
|-squared = 67.8%, p = 0.02 ’ 1.43(1.08, 1.90)
Pregestational diabetes prevalence documented -
Matorras, 1988 26 107 873 —0— 220(093, 5.18) 0.84
Raimer, 1997 4 39 3 98 : 3.35(0.72, 15.66) 0.26
Ramos, 1997 20 37 68 232 + 1.84(1.00, 3.39) 1.61
Piper, 1999 55 391 125 921 —O— 1.04(0.74, 1.45) 455
Stapleton, 2005 1310 2780 32584 70248 <> 1.01(0.90, 1.13) 16.65
Edwards, 2019 559 1515 11937 44204 <> 1.21 (111, 1.32) 19.42
Furfaro, 2019 21 66 111 342 —Q— 0.98 (0.57, 1.68) 2.04
Manzanares, 2019 122 466 1695 7531 <> 1.16 (0.95, 1.43) 9.39
Place, 2021 182 572 282 913 <> 1.03(0.83, 1.28) 8.97
Del Carmen Palacios-Saucedo, 2022 2 209 15 907 - — 0.58 (0.13, 2.55) 0.29
McCoy, 2023 11 13 151 305 —<>— 1.71(0.75, 3.91) 0.90
I-squared = 27%, p =0.10 0 1.13(1.03, 1.24)
Overall | 1.16(1.07, 1.26)
l-squared = 34.9%, p = 0.02 :

0.13 1 2 4 8 16

Random-effects REML model

Fig. 2 Association of gestational diabetes and GBS rectovaginal colonization. Forest plot of the association between gestational diabetes and GBS recto-
vaginal colonization presented as Odds Ratios (OR) for each study and respective 95% confidence intervals (Cl). Studies are grouped by those that did not
document (top) or did document (bottom) the prevalence of pregestational diabetes in their study population. The number of women with (GBS+) and
without (GBS-) rectovaginal GBS carriage are presented for each study. The dotted black line demarcates no effect (OR=1). The OR of individual studies
are represented by light purple diamonds with shape size corresponding to the weight of the study as determined by random-effects modeling, and
the paired horizontal lines indicate the 95% Cl. Pooled ORs for each group are shown by the dark purple diamonds and the orange symbol represents

the OR for all studies

1.08-1.9, P=0.01). Study heterogeneity was significantly
greater among this subset of studies (I?°=67.8, P=0.02).
When pregestational diabetes prevalence is accounted
for (thus reliably excluded from the GDM group), study
heterogeneity is mitigated (I*=27, P=0.10), and women
with GDM have a 13% increased risk of GBS colonization
compared to the non-diabetic control group (OR 1.13,
CI 1.03-1.24, P=0.01) (Fig. 2). Per the GRADE [25, 42]
approach, the overall quality of the evidence is moderate
to low based on study limitations, publication bias, het-
erogeneity across studies, imprecision and indirectness.

Association between pregestational diabetes and maternal
GBS colonization

We performed an additional sub-analysis to determine
the independent association between pregestational
diabetes and maternal GBS carriage, which revealed
that women with pregestational diabetes have a 76%
increased risk of rectovaginal GBS carriage compared
to non-diabetic women (Fig. 3) (pooled OR 1.76, CI
1.27-2.45, P=0.0008). There was a high degree of hetero-
geneity between studies (I°=78.5%, P=0.01). Appreciat-
ing distinct pathophysiology and outcomes for women
with pregestational diabetes vs. gestational diabetes, we
assessed differences in risk of GBS colonization. There
was no significant difference in risk of GBS rectovaginal
colonization based on diabetes type (Fig. 4); women with
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Pregestational DM Control Odds Ratio Weight

Study GBS+ GBS- GBS+ GBS- (95% ClI) (%)
Matorras, 1988 7 30 107 873 —%—.— 1.90(0.82, 4.44) 8.87
Raimer, 1997 51 3 98 —t—o— 256 (0.55, 11.89) 3.81
Ramos, 1997 26 22 68 232 } —Q— 403 (215, 7.56) 12.00
Stapleton, 2005 194 371 32,584 70,248 ’ 1.13(0.95, 1.34) 20.03
Edwards, 2019 456 1,294 11,937 44,204 }. 1.30(1.17, 1.45) 20.73
Furfaro, 2019 8 19 111 342 —T.— 1.30 (0.55, 3.05) 8.79
Manzanares, 2019 18 45 1,695 7,531 T.— 1.78 (1.03, 3.08) 13.38
Place, 2021 5 5 282 913 "'—.— 3.24(0.93, 11.26) 5.28
Del Carmen Palacios-Saucedo, 2022 21 15 907 ; ° 1.36 (0.08, 23.50) 1.27
McCoy, 2023 7 5 151 305 T 2.83(0.88, 9.06) 5.84
Overall <® 1.76 (1.27, 2.45)

I-squared = 78.5%, p = .01

Random-effects REML model

24

o
(4]
N
00

Fig. 3 Association of pregestational diabetes and GBS rectovaginal colonization. Forest plot of the association between pregestational diabetes and GBS
rectovaginal colonization presented as Odds Ratios (OR) for each study and respective 95% confidence intervals (Cl). The number of women with (GBS+)
and without (GBS-) rectovaginal GBS carriage are presented for each study. The dotted black line demarcates no effect (OR=1). The OR of individual stud-
ies are represented by blue circles with shape size corresponding to the weight of the study as determined by random-effects modeling, and the paired
horizontal lines indicate the 95% Cl. Pooled ORs for each group are shown by the dark blue diamond

Pregestational DM GDM Odds Ratio Weight

Study GBS+ GBS- GBS+ GBS- (95% Cl) (%)
Matorras, 1988 7 30 7 26 E 0.87 (0.27, 2.80) 4.57
Raimer, 1997 4 51 39 — : 0.76 (0.18, 3.25) 3.16
Ramos, 1997 26 22 20 48 : . 2.84(1.31, 6.13) 8.87
Stapleton, 2005 194 371 1,310 2,780 | 1.11(0.92, 1.34) 27.29
Edwards, 2019 456 1,294 659 1,515 | 0.96 (0.83, 1.10) 28.75
Furfaro, 2019 8 19 21 66 I 1.32(0.51, 3.46) 6.35
Manzanares, 2019 18 45 122 466 if — 1.5683 (0.85, 2.73) 12.82
Place, 2021 5 5 182 572 i 3.14(0.90, 10.98) 4.09
Del Carmen Palacios-Saucedo, 2022 0 21 2 209 - i -1.95(0.09, 41.92) 0.76
McCoy, 2023 5 11 13 E 1.65(0.41, 6.71) 3.35
Overall lb 1.26 (0.96, 1.66)

I

|

I-squared = 55.7%, p =0.12

Random-effects REML model

13

0.5 2 8 32

Fig.4 Comparison of diabetes types and associations with GBS rectobaginal colonization. Forest plot of the association between pregestational diabetes
and GBS rectovaginal colonization relative to women with gestational diabetes, presented as Odds Ratios (OR) for each study and respective 95% confi-
dence intervals (Cl). The number of women with (GBS+) and without (GBS-) rectovaginal GBS carriage are presented for each study. The dotted black line
demarcates no effect (OR=1). The OR of individual studies are represented by squares with shape size corresponding to the weight of the study as deter-
mined by random-effects modeling, and the paired horizontal lines indicate the 95% Cl. Pooled ORs for each group are shown by the dark beige symbol

pregestational diabetes had a similar risk of GBS recto-
vaginal colonization compared to those with gestational
diabetes (pooled OR 1.26, CI 0.96-1.66, P=0.09). Even
s0, it is possible that differences will resolve with a larger

sample size.

Publication bias and sensitivity analysis
Visual assessment of the funnel plot (Fig. 5) shows asym-
metrical distribution of studies, with publication bias
confirmed by Egger’s test (P=0.005). Sensitivity analy-

sis included complete exclusion of studies that did not
document or control for pregestational diabetic preva-
lence and exclusion of studies with high risk of bias. A
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Fig. 5 Risk of bias of included studies. Funnel plot for visual assessment of publication bias for all included studies. Circles represent individual study
estimates (log odds ratio) against the respective standard error. The purple vertical line indicates the pooled OR. The gray lines mark the bounds of a

pseudo 95% confidence interval

meta-analysis was then performed on the remaining 8
studies (Raimer, Ramos, Stapleton, Edwards, Furfaro,
Manzanares, Place, McCoy). Findings were robust; gesta-
tional diabetes was still associated with a 13% increased
risk of rectovaginal GBS colonization (OR 1.13, 95% CI
1.02-1.25, P=0.02), without significant shifts in study
heterogeneity (I>=35.4%, P=0.08).

Discussion

To our knowledge, this is the first systematic review and
meta-analysis examining the association between gesta-
tional diabetes mellitus and group B streptococcal rec-
tovaginal colonization. We also performed subgroup
analyses to assess independent effects of pregestational
vs. gestational diabetes on risk of maternal GBS car-
riage. Our meta-analysis demonstrates that women with
GDM have a significant 16% greater risk of being colo-
nized by GBS, which may in part explain the increased
risk of sepsis for neonates born to mothers with GDM
[13, 14]. Sub-analysis revealed that women with preges-
tational diabetes have a 76% increased risk. However,
our sub-analysis did not detect significant differences
in risk based on diabetes type, consistent with reports
from smaller cohort studies [17, 18]. Nevertheless, it is
possible that women with pregestational diabetes have
a heightened risk that requires a larger sample size to

detect. We suspect that GBS risk is likely associated with
the degree and extent of diabetic disease; we hypothesize
that chronic disease (Type 1 and 2 DM) confers greater
GBS risk than a comparatively transient disease course
(GDM), but this requires further study.

GDM-mediated perturbations to critical host defenses
such as immunity and the vaginal microbiota may mech-
anistically contribute to increased susceptibility to GBS
carriage. GDM leads to altered neutrophil, NK, T cell
and macrophage abundance and/or activity both in the
peripheral blood and at the maternal-fetal interface [10,
43-46]. While the direct role of the vaginal microbiome
in propagating or limiting GBS colonization remains
largely unknown, it is well-appreciated that members
of the vaginal microbiota play direct and indirect roles
in maintaining reproductive health and pregnancy out-
comes and Lactobacillus dominance is considered a
hallmark of an optimal vaginal community [47-51].
During pregnancy, the stability of the vaginal microbi-
ota increases with Lactobacillus enrichment and overall
lower alpha diversity [52, 53]. In non-diabetic pregnancy,
non-Lactobacillus dominance or dominance by Lacto-
bacillus gasseri has been associated with increased risk
of GBS colonization [41, 54]. GDM disrupts the vaginal
microbiota with increased diversity and enrichment of
nonoptimal members including Bacteroides, Klebsiella,
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Enterococcus, and Enterobacter and Staphylococcus [11,
12, 55], of which Staphylococcus has been positively
associated with vaginal GBS colonization [56]. Microbial
communities inherited by neonates are also impacted
by GDM reflected by increased colonization by Strepto-
coccaceae and Enterococcaceae which may contribute to
worse neonatal outcomes upon GBS encounter [11, 57,
58]. Indeed, in a preclinical model of GDM, we recently
showed that GDM susceptibility to fetoplacental infec-
tion was driven by perturbations to maternal immunity
and vaginal microbial communities in addition to patho-
genic bacterial adaptations [59].

The heterogeneity observed in the 19 studies repre-
senting 10 different countries greatly enhance the gen-
eralizability of our findings and were in part explained
by the presence of pregestational diabetes as a potential
confounder, as revealed by sub-analyses. Other possible
drivers of heterogeneity are differences in study popula-
tions including: sample size, severity of diabetes, discrep-
ancies in access to prenatal care thereby impacting who
was included in hospital or clinic-based studies, differ-
ential presence of confounding metabolic disease such
as obesity, variation in inclusive representation of under-
represented or under-resourced communities, and geo-
graphical variation in GBS prevalence [1]. Other notable
sources of heterogeneity between studies includes
regional variations in healthcare utilization due to differ-
ences in healthcare coverage (e.g. universal vs. private)
and access (e.g. transportation, clinic schedule) to differ-
ent healthcare systems. Communities with ample provid-
ers and institutions with open access will best capture
inclusive estimates of GBS risk in the diabetic population,
whereas communities with relatively inaccessible health-
care will selectively sample women with more resources.
We accounted for potential selection bias by consider-
ing whether study populations were representative of the
general population with inclusion of women across vari-
ous socioeconomic and racial/ethnic groups.

There was also variability in GBS screening and IAP
practices across studies, where about half of the studies
were conducted in settings that had no established guide-
lines for screening or prophylactic treatment, while other
studies occurred in settings with risk-based or universal
screening. The lack of infrastructure and protocol for
routine screening may impact detection and treatment
rates in clinical practice. We suspect that such limita-
tions were mitigated by study design in studies where
GBS colonization rates were a primary measure. Dif-
ferences in GBS sampling (vaginal vs. rectovaginal vs.
vaginoperineal) and laboratory identification techniques
can also affect detection and lead to underestimation
of GBS colonization rates. In our assessment, studies
that did not adhere to CDC standards for GBS sampling
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(rectovaginal) and laboratory detection were assigned a
higher score for bias risk.

Differences in severity of diabetes may also explain
variation between studies; a recent study found that preg-
nant women with better glycemic control (Hemoglobin
Alc<6.5%) had a 45% decreased risk of GBS rectovaginal
colonization [60]. However, a few studies report contrast-
ing evidence; two reports found no differences in GBS
colonization status for pregnant women requiring insulin
therapy [18, 61], and another study found no differences
in GBS status between pregnant diabetic women requir-
ing greater than 20 U insulin therapy vs. those requir-
ing less than 20 U per day [62]. Regional differences in
affordability and access to medications and healthcare
providers likely also contribute to differences in diabetic
severity and variability among studies. The association
between maternal GBS colonization and diabetes sever-
ity as indicated by glycemic control and medical man-
agement (insulin treatment vs. lifestyle modification)
requires further study.

Notable limitations of some of the studies incorporated
in this analysis include a lack of information about GDM
or pregestational diabetic severity (e.g. HbA1C or need
for medical intervention), and variable or unstated GDM
diagnostic criteria. The two most commonly utilized
GDM screening approaches vary in sensitivity; one-step
screening (a single 75 gram glucose challenge during fast-
ing) has a higher rate of positive screening and thus GDM
diagnosis compared to the two-step screening approach
(50 gram glucose challenge in non-fasting state and if
positive a second 100 gram glucose challenge during fast-
ing) [63, 64]. As such, an important source of variability
among included studies is difference in GDM diagnostic
sensitivity. It is possible that some studies underestimated
the presence of glucose intolerance in their population
and missed potential GDM diagnoses. Consequently, the
risk of GBS colonization may be underestimated. The dif-
ferences in GDM diagnostic approaches should be con-
sidered in future studies. Although we did not account
for one-step vs. two-step approaches in our evaluation of
study bias and quality, we did consider the source of diag-
nosis; studies in which GDM diagnosis was not described
or self-reported had a higher bias score compared to
diagnoses reported by medical professionals and with
criteria specified.

The presence of publication bias is another limitation
and may mean that the risk is overestimated as stud-
ies with negative findings are less likely to be published.
Nevertheless, the association between GDM and GBS
carriage remains when high-risk and potentially con-
founded studies are excluded. Thus, we are confident that
our findings withstand the observed limitations.
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Conclusions

Ultimately, this systematic review and meta-analysis of
19 studies representing over 260,000 women across the
globe revealed gestational diabetes as a novel risk fac-
tor for maternal rectovaginal colonization by group B
Streptococcus. Considering that up to 46% of neonates
with GBS invasive disease are born to women with no
currently recognized risk factors for GBS transmission,
GDM may be an important risk that is not yet clinically
recognized. A critical future direction is to assess neona-
tal infection rates in women with GDM and to determine
if effective glucose management plays a role in limiting
GBS morbidity and mortality in neonates. Ultimately,
expanding our knowledge of additional risk factors for
GBS neonatal transmission will improve strategies for
screening, preventing, and treating fetal and neonatal
GBS disease.
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