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Maternal Group B Streptococcus Infection
Correlates Inversely With Preeclampsia in Pregnant
African American Women
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Abstract
Objective: To determine whether an association exists between group B Streptococcus (GBS) colonization and preeclampsia among
pregnant Black women.

Methods: This retrospective cross-sectional study involved Black women who gave birth at State University of New York Downstate
Hospital between January 2010 and December 2017. Data were collected from the Obstetric Department, including delivery date, time,
mode of delivery, age of the mother, weeks of gestation at delivery, and antepartum complications. The GBS test results were originally
determined using the eSwab transport system. Preeclampsia was defined based on the American College of Obstetricians and Gyne-
cologists criteria for the periods 2010-2012 and 2013-2017. The primary outcome was whether GBS was associated with the out-
come of preeclampsia in the population of Black women. Covariates, including smoking status, gestational age, parity, body mass in-
dex, maternal age, and presence of herpes simplex virus (HSV) and human immunodeficiency virus (HIV) were examined as potential
confounders. Chi-squared test and logistic regression model were used, presenting odds ratios with 95% confidence intervals
(P < 0.050), analyzed with SAS on Demand for Academics (SAS Institute, Inc., NY).

Results: Among the 8,019 Black women included in this study, GBS-positive women (n = 977) had a 53% reduction in the likelihood of
being diagnosed with preeclampsia compared to GBS-negative women (adjusted odds ratio, 0.47; 95% confidence interval,
0.32-0.70). We did not find evidence of differences in the distribution of smoking habits (P = 0.783) or maternal age (P = 0.107) between
GBS-positive and GBS-negative women. However, the GBS-positive women tended to be less likely to have a preterm delivery (9.62%
(94/977) vs. 24.24% (1707/7042), P < 0.001), less likely to be nulliparous (33.37% (326/977) vs. 37.87% (2667/7042), P = 0.006), and
less likely to be obese (51.38% (502/977) vs. 55.30% (3894/7042), P < 0.001) compared with GBS-negative women. In contrast,
GBS-positive women were more likely to have a comorbid infection than their counterparts: HSV (5.94% (58/977) vs. 2.63% (185/
7042), P < 0.001) and HIV (1.54% (15/977) vs. 0.82% (58/7042), P = 0.028).

Conclusion: We found a reduced likelihood of preeclampsia among women who were positive for GBS at delivery. Given the
cross-sectional nature of our study, more research is needed to further explore this association.
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bacterium that asymptomatically colonizes the lower genital
tract (cervix, vagina, and vulva) of approximately 18% of
women worldwide.!”* Globally, the prevalence of maternal
GBS colonization is highest in Africa (~22%) and lowest in
Asia (~11%).>* In the United States, the estimated prevalence
of maternal GBS colonization is approximately 19%.? During
pregnancy, however, if GBS ascends from the vagina to the in-
trauterine space, it becomes highly pathogenic and is associated
with numerous maternal and fetal complications such as pre-
term birth, stillbirth, and neonatal infections."* In particular,
GBS remains a leading cause of sepsis and meningitis in infants
in the first 90 days of life. Since antepartum infections trigger a
maternal immune response and change the inflammation phe-
notype,® it is speculated that maternal GBS colonization may
also change the inflammation associated with preeclampsia
thus affecting the preeclampsia development.

Reports examining whether GBS colonization in pregnant
women affects the incidence of preeclampsia have yielded in-
conclusive results. In a cross-sectional study using two statewide
hospital databases (Florida, 2001: 190,645 pregnant women;
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Texas, 2004-2005: 577,153 pregnant women), the presence
of GBS was inversely associated with preeclampsia.” How-
ever, in a case-control study of 330 pregnant women at a hos-
pital in Texas in 2010-2012, there was no association of GBS
with preeclampsia.® More recently, a single center, retrospec-
tive cohort study of 60,029 births at Duke Health affiliated
hospitals in North Carolina, during 2003-20135, also found
that GBS colonization was not associated with preeclampsia.’

The reasons for these discrepancies are not immediately
apparent, but factors such as race and ethnicity may con-
tribute. Preeclampsia is more prevalent in Black women
than in women of other races.'®!! Group B Streptococcus
colonization also varies among races, with Black women
having the highest prevalence.®!>7'¢ In the cited studies,
the proportion of Black patients ranged from 1.5%-35%.
We hypothesized that if a predominantly Black population
were studied, the hypothesized higher prevalence of GBS
and preeclampsia would allow greater statistical power in
detecting whether a relationship exists between the two.
The purpose of the current study is to test this hypothesis
using data from the predominantly Black population of
our hospital.!” To carry out this goal, we analyzed patient
records from January 2010 to December 2017.

Methods

This retrospective cross-sectional study enrolled 11,770
women who delivered between January 2010 and Decem-
ber 2017 at the University Hospital at SUNY Downstate,
limited to 8,019 Black women after specific exclusions and
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accounting for missing participants. This hospital primarily
serves a Black population composed of Afro-Caribbean and
African immigrants as well as African Americans.!” We ex-
cluded women diagnosed with chronic hypertension, gesta-
tional diabetes, and type II diabetes to remove the
confounding effect of these comorbid conditions. We also
excluded women with a gestational age delivery before
20 weeks. Thus, a total of 1,413 were excluded. Women miss-
ing information on GBS status, maternal age, race, and
body mass index (BMI) were also excluded from the popu-
lation (n = 2,338) (Fig. 1).

Data from hard copies of delivery records in the obstetric
department, along with electronic medical records when
available accounting for the record of every birth, were eval-
uated. Information including the date, time, mode of deliv-
ery, age of the mother, weeks of gestation at delivery, and
antepartum complications, along with corresponding clinical
details for each patient, was compiled into a Microsoft Excel
database.

Exposure

A GBS swab was performed using the eSwab transport system
(COPAN Italia, Brescia, Italy) to swab the vagina and rectum,
as per the methods employed during the original data collec-
tion process. The samples were subsequently transported to
the clinical pathology laboratory of SUNY Downstate Uni-
versity Hospital for GBS culture. The diagnosis and GBS’s
sensitivity to penicillin were made by an experienced clinical
pathologist at SUNY Downstate University Hospital.

Women delivering between
January 2010 and December 2017
n=11,770

Missing n=2.338
Race, n =110
GBS status, n =4
Body Mass Index, n=2180
Age, n=44

Excluded n=1.413
Non-Black, n=644
Type II diabetes, n=8
Chronic Hypertension, n=258
Gestational Diabetes, n=197
Gestational Age <20 weeks, n=306

Study Population
n=8,019

Figure 1. Flowchart showing the inclusion and exclusion criteria used to obtain the final study population. GBS: group B Streptococcus.
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Outcome

The primary outcome of the study is whether GBS is associ-
ated with the outcome of preeclampsia in the population of
Black women. From 2010 to 2012, preeclampsia was de-
fined as hypertension and proteinuria in accordance with
the American Colle1ge of Obstetricians and Gynecologists'
2002 classification.™® Hypertension was defined as systolic
blood pressure >140 mm Hg or diastolic blood pressure
>90 mm Hg after 20 weeks of gestation. Proteinuria was de-
fined as the urinary excretion of >0.3 g protein in a 24-hour
specimen, or 0.3 g/L, or two >1+ readings on a dipstick in a
random urine determination with no evidence of the uri-
nary tract infection.

From 2013 to 2017, our hospital followed the American
College of Obstetricians and Gynecologists Task Force Re-
port on Hypertension in Pregnancy'® in which proteinuria
is not necessary for diagnosis when specific symptoms are
present, eg, elevated liver enzymes, hematological complica-
tions, renal insufficiency, and neurological symptoms. Hy-
pertension was classified either as new-onset hypertension
after 20 weeks of gestation with blood pressure levels
> 140/90 mm Hg on two occasions at least 4 hours apart
or as chronic hypertension.

Covariates of interest

The study investigated the following covariates to assess
their potential role as confounders in the relationship be-
tween GBS diagnosis and the occurrence of preeclampsia

www.matemal-fetalmedicine.org

in the study population: mother’s self-report of smoking sta-
tus, gestational age, self-report of parity, BMI, maternal
age, herpes simplex virus (HSV), and human immunodefi-
ciency virus (HIV). Smoking status, HSV, and HIV were
treated as dichotomous variables (yes vs. no). Gestational
age and parity were also examined as dichotomous vari-
ables: preterm birth (<37 weeks) versus full-term (=37 weeks);
nulliparous (i.e., no previous birth pregnancy) versus one pre-
vious (primiparous) or multiple previous births (multipa-
rous). The following World Health Organization categories
for BMI" were used: underweight (<18.5 kg/m?), normal
weight (18.5-24.9 kg/m?) overweight (25.0-30.0 g/m?),
and obese (>30.0 kg/m?). Given the small number of un-
derweight women, the BMI category was combined with
normal-weight women to create a trichotomous variable.
Maternal age was categorized into the following four cate-
gories: (1) <20 years of age, (2) 20-29 years of age, (3)
30-39 years of age, and (4) >40 years of age. HIV was detected
first by HIV 1/2 Ag/Ab Combo test (Abbott, FL), followed
by confirmation of the diagnosis through a polymerase chain
reaction test for HIV RNA. Herpes simplex virus diagnosis
was determined either through the viral lesion culture or, if a
lesion was not present but the infection was suspected,
through HSV types 1- and 2-specific antibody tests.

Statistical analyses

Using the X test, we compared the distribution of the co-
variates between the GBS-positive and GBS-negative women

Comparison of the distribution of demographic factors between the GBS-positive and GBS-negative pregnant women.

GBS+ women (n = 977)

GBS—- women (n = 7,042)

Demographic characteristic n (%) n (%) X2 (df) Pt
Smoker*
Yes 33(3.98) 235 (3.79) 0.08 (1) 0.783
No 796 (96.02) 5972 (96.21)
Gestational age
Preterm birth (<37 wks) 94 (9.62) 1707 (24.24) 105.29 (1) <0.001
Full-term (237 wks) 883 (90.38) 5335 (75.76)
Parity
Nulliparous 326 (33.37) 2667 (37.87) 7.44 (1) 0.006
Primiparous and multiparous 651 (66.63) 4375 (62.13)
Body mass index, kg/m?
Underweight and normal (<25.0 kg/m?) 184 (18.83) 996 (14.14) 15.39 (2 <0.001
Overweight (25.0-30.0 kg/m?) 291 (29.79) 2152 (30.56)
Obese (>30.0 kg/m?) 502 (51.38) 3894 (55.30)
Maternal age group, year
<20 89 (9.11) 535 (7.55) 6.10 ) 0.107
20-29 521 (53.33) 3653 (51.87)
30-40 335 (34.29) 2547 (36.17)
>40 32 (3.28) 307 (4.36)
HSV
Positive 58 (5.94) 185 (2.63) 31.98 (1) <0.001
Negative 919 (94.06) 6857 (97.37)
HIV
Positive 15 (1.54) 58 (0.82) 4.82 (1) 0.028
Negative 962 (98.46) 6984 (99.18)

*Sample size lower because of missing numbers.
+P values obtained from x? test for differences in the proportions of the covariates.
df. Degrees of freedom; GBS: group B Streptococcus; HSV: Herpes simplex virus.
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Crude and adjusted odds ratios of the relationship between
GBS infection and preeclampsia.

Model of Statistical Analysis 0dds Ratio (95% CI)
Crude model
GBS positive 0.46 (0.31-0.67)
GBS negative Referent
Adjusted model
GBS positive 0.47 (0.32-0.70)
GBS negative Referent
Covariates in the adjusted model
Body mass index, kg/m?
Underweight and normal (<25.0) Referent

Overweight (25.0-30.0) 0.85(0.61-1.19)

Obese (>30.0) 1.31 (1.05-1.63)
Age group, year

<20 Referent

20-29 0.91 (0.65-1.29)

30-40 0.76 (0.53-1.09)

>40 0.82 (0.47-1.44)
HSV

Positive 0.22 (0.07-0.68)

Negative Referent

Ct confidence interval; GBS: group B Streptococcus; HSV: herpes simplex virus.

to determine whether there were differences. We used logistic
regression to estimate the size of the association between GBS
at delivery and the outcome of preeclampsia. The 10% change
in estimate criterion was first used to identify potential con-
founders from our list of covariates. Additional covariates were
selected using backward selection ( P < 0.25) for inclusion in the
adjusted logistic regression model. The results were reported as
odds ratios with the corresponding 95% confidence intervals
(CI). A P value less than 0.05 was considered statistically signif-
icant. Data analysis was performed using SAS on Demand for
Academics (SAS Institute, Inc., New York, NY).

Ethical approval

We conducted our study in compliance with recognized inter-
national standards, including the principles of the Declaration
of Helsinki. The institutional review board of SUNY Downstate
Health Sciences University, University Hospital of Brooklyn
Downstate, approved this retrospective chart review (IRB ap-
proval # 973453-1) and waived the requirement to obtain writ-
ten informed consent because this study was only with no more
than minimal risk and it would be impracticable to do the study
if informed consent and authorization were required.

Results

After applying our inclusion and exclusion criteria, the study
population was comprised of 8,019 Black women. Approxi-
mately 12% of Black women were positive for GBS (2 = 977).
The distribution of smoking status, and maternal age, were sim-
ilar between the GBS-positive and-negative women (P = 0.783
and P = 0.107 respectively). The GBS-positive women were less
likely to have a preterm birth (9.62% vs. 24.24%, P < 0.001)
compared with the GBS-negative women. They were also less
likely to be nulliparous (33.37% vs. 37.87%, P = 0.006) and
to be obese (51.38% ws. 55.30%, P < 0.001). However,
GBS-positive women were more likely to be positive for HSV
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(5.94% vs. 2.63%, P < 0.001) and HIV (1.54% wvs. 0.82%,
P =0.028) (Table 1).

Next, we explored whether GBS is associated with the
outcome of preeclampsia in this population of Black women
(Table 2). The GBS-positive women had 54 % reduced odds
of having a preeclampsia diagnosis (odds Ratio, 0.46; 95%
CI, 0.31-0.67) than the GBS-negative women. None of the
covariates met the criteria for confounding based on the 10%
change-in-estimate criterion. Therefore, we selected covari-
ates for the model based on the backward selection method
using a P value for selection of P < 0.250 (only BMI, mater-
nal age, and diagnosis of HSV met the criteria). After adjust-
ment for these covariates, the relationship was slightly at-
tenuated. The GBS-positive women had 53 % reduced odds
of being diagnosed with preeclampsia (odds ratio, 0.47;
95% (I, 0.32-0.70).

Discussion

Our study found that Black women, diagnosed with GBS,
had 53% reduced odds of receiving a diagnosis of pre-
eclampsia compared with women who were GBS-negative
in a cohort of Black women without hypertensive or dia-
betic comorbidities. The findings from our cross-sectional
study are consistent with another cross-sectional study per-
formed by Mulla ez al.” that assessed the relationship be-
tween GBS diagnosis and preeclampsia in two cohorts of
women in Florida and Texas. However, these findings
should be interpreted with caution as these results were un-
able to be replicated when Mulla et al.® (2015) repeated their
earlier 2013 study using the stronger case-control study de-
sign or the study by Edwards et al.” (2019) that used the
more reliable retrospective cohort study design. Both of these
designs provide stronger evidence for inferring causality.
Race and ethnicity may contribute to the discrepancy between
our findings and the others’ reports. In the studies cited, the
proportion of Black patients ranged from 1.5% to 35%,
whereas our study utilized data from an entirely Black popula-
tion. Our previous study in the Black population indicated
that preeclampsia-related systemic inflammation was differen-
tially activated than those reported in the other races.'” Thus,
the inflammation phenotype in Black preeclampsia patients
may be different than those in the other races. Such an immune
background may respond to GBS differently in Black patients,
which inadvertently affects preeclampsia development.

It has been speculated that immune regulation of the
maternal-fetal interface is the result of the coordinated inter-
action between all its cellular components, including bacte-
ria.>® Accumulative evidence has indicated potential links of
GBS colonization with maternal/placental changes at cellu-
lar and molecular levels. Experimental studies showed that
GBS inhibits autophagy in vaginal epithelial cells,*! causing
vaginal epithelial exfoliation, which facilitates spreading of
infection to the uterus.”* Group B Streptococcus also activates
transcriptomic pathways related to premature birth in the
human extraplacental membranes.>> Group B Streptococ-
cus induces the expression of human 3-defensin-2 in human
extraplacental membrane”® and secretion of maternal
and placental cytokines, such as IL-1p, CXCL1, MMP-
10,%>2° IL-1 receptor antagonist,>” and IL-10.%® Neutrophils
respond to GBS by producing extracellular traps,”® which
may be circumvented during GBS amniotic cavity invasion
to induce fetal injury and preterm labor.*® Human placental
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macrophages respond to GBS by releasing macrophage ex-
tracellular traps,>! possibly through activation of protein ki-
nase D.*? Decidual stromal cell-derived PGE2 regulates
these macrophage responses.®> Mast cells respond to GBS
by degranulation, leading to the release of preformed and pro-
inflammatory mediators,>* such as chymotrypsin-like cleav-
age specificity in response to GBS.>* These maternal/placental
changes by GBS at cellular and molecular levels may affect the
development of preeclampsia. One potential mechanism is
that GBS colonization triggers a maternal immune response,
which may involve the activation of inflammatory cells and re-
lease of inflammatory cytokines or mediators. These alter-
ations in inflammatory phenotype due to GBS colonization
may modulate the sterile inflammation induced by other mech-
anisms in preeclampsia.*® Thus, infection-induced inflammation
may correct the noninfection-induced inflammation, unin-
tentionally mitigating the development of preeclampsia.

Our study identified a lower prevalence of GBS (12%)
compared with the reported U.S. figure, approximately
19%.% A major strength of our study was the ability to in-
vestigate this relationship in a Black population, avoiding
potential confounding effects related to hypertensive and di-
abetic comorbidities. However, this study is limited in con-
firming whether the study population received prophylaxis
treatment earlier in pregnancy, which could introduce bias
in the interpretation of the role of the immune response.
For example, we found that GBS-positive patients were also
more likely to be positive for other infections such as HSV,
whereas preeclamptic women were less likely to have GBS
or HSV. Given the nature of preeclampsia, it is plausible
that preeclamptic women would be more likely to have re-
ceived antibiotic prophylaxis and thus less likely to have un-
treated infections at delivery. In addition, the temporal asso-
ciation is unable to be verified in this cross-sectional design
because it did not allow for the exploration of whether the
GBS colonization occurred before the development of pre-
eclampsia. Future research should identify a cohort earlier
in pregnancy to better establish the temporal relationship
between GBS exposure and preeclampsia as well as address
the potential for bias from antibiotic prophylaxis.

Conclusion

Our study discovered a reduced likelihood of preeclampsia
among Black women who were positive for GBS at delivery.
Further research is needed to explore this association.
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