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Abstract

Objective: To assess if vaginal interleukin-(IL)-1beta in early pregnancy is associated
with adverse outcome among BV-positive women.

Study Design: 1,806 women were enrolled at <20 weeks’ gestation. 800 women
were BV-positive (Nugent 7-10), 707 of them had birth outcome data. Vaginal IL-
1beta concentrations were measured in 105 BV-positive women who had an adverse
preterm outcome, including 66 preterm births (20-<37 weeks, of which 52 were
spontaneous) and 14 late miscarriages (12-<20 weeks), and in 295 BV controls
(term normal birth weight infants). The upper (>66™ percentile) and lower (<33
percentile) tertiles of IL-1beta concentrations were compared with the middle tertile
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Introduction

The availability of biomarkers early in gestation to predict
women at elevated risk of adverse pregnancy outcomes is
increasingly appreciated as a necessary pre-requisite for future
intervention trials to finally reduce the rate of preterm birth (<37
weeks’ gestation) [1-6]. Preterm birth (PTB) continues to be a
major public health problem with approximately 12% of all US
pregnancies ending before 37 weeks’ gestation [7]. Recent WHO
data estimate a world PTB rate of 9.6% [8]. Approximately 13
million babies are born preterm annually, of which, approximately
500 thousands in North America and 900 thousands in Latin
America and the Caribbean [8]. PTB is the main single cause of
acute infant morbidity and long-term impairment [8,9]. Early
spontaneous preterm deliveries that occur before the 32" week of
gestation, have been strongly associated to intrauterine infection,
likely ascending from the vagina, and represent the largest portion
of neonatal deaths and neurological problems [7,10]. Bacterial
vaginosis (BV) is an altered vaginal flora condition, where the
normal lactobacilli flora is substituted with a mixed and variable
flora of microaerophilic and anaerobic microorganisms [11].
Although BV is a lower vaginal tract microbial disorder, several
investigations have shown that it is associated with PTB generally,
early PTB, early and late miscarriage, low birth weight (LBW,
<2500 g), and maternal complications [5,7,9,12-16]. However,
it is to note that more than 70% of women with BV do not have
an adverse birth outcome, thereby, BV is a biomarker with low
specificity [12,17,18]. PTB is recognized as a multifactorial
disorder, with infection-related effects accounting for the majority

of early events [19]. BV is an attractive target for interventions as
it is potentially treatable. Numerous randomized clinical trials of
antibiotic therapy to reduce PTB have been conducted in pregnant
women selected on the basis of various risk factors [7,20-23].
However, so far, the treatment results have been variable including
harmful [9,24]. Thus, there is a clear need for biomarkers to better
select high risk subgroups of women with abnormal vaginal flora,
preferably in early gestation [2,4,7,15,25-28].

BVisamicrobial/mucosal immunity disorder [1,3,15,26,27,29-
33]. Accumulating evidence suggests that microbes associated
with BV modulate the immune response [27,31,33-36]. Many
authors have found elevate levels of interleukin (IL)-1alpha or beta
in vaginal secretions of BV-positive women compared to healthy
controls [34,37-40]. IL-1beta is a member of the IL-1 family, which
includes the classical IL-1alpha (IL-1F1) and IL-1beta (IL-1F2)
cytokines, IL-1 receptor antagonist (IL-1ra, or IL-1F3), IL-18 (IL-
1F4), and the newly described IL-1F5-11 [41]. IL-1alpha is mainly
intracellular, whereas IL-1beta can be secreted outside cells in
the extracellular fluids, thus it is commonly found in serum and
secretions. IL-1beta plays a prominent role in the regulation of
the inflammatory response [41]. IL-1beta is able to induce the
secretion of several inflammatory factors, such as IL-6, IL-8, tumor
necrosis factor-alpha (TNF-alpha), matrix metalloproteinases
(MMPs) by many different cell types including vaginal epithelial
cells, macrophages, neutrophils, peripheral blood mononuclear
cells (PBMC), fibroblasts, endothelial and muscle cells [42,43]. The
expression of cytokines such as IL-1beta, IL-6, IL-8, and TNF-alpha
by either the fetal or maternal tissues has been demonstrated

”IIII Submit Manuscript | http://medcraveonline.com

Obstet Gynecol Int] 2016, 5(4): 00169



Local Interleukin-1beta in Pregnant Women with Bacterial Vaginosis and Adverse

Pregnancy Outcomes

to upregulate the activity of a number of uterine and cervical
factors (e.g., prostaglandin hormones and their receptors, MMPs,
vascular endothelial growth factor and elafin) and leukocytes
leading to premature initiation of the parturition process [42-
44]. The crucial role of IL-1beta was recently highlighted by a
study aimed to determine the relative contributions of individual
proinflammatory cytokines and chemokines to the triggering of
preterm labor. This investigation showed that in pregnant rhesus
monkeys who received intraamniotic infusions of IL-1beta, TNF-
alpha, IL-6, IL-8 and saline control, IL-1beta stimulated the most
intense contraction patterns, resulting in preterm labor in all
cases [43].

Although inflammation is an essential mechanism in response
to challenges including microbiological insult and tissue injury,
inappropriate or excessive induction of the inflammatory response
is itself a well-characterized cause of morbidity and mortality in
several pathologic conditions. On the other hand, inflammation is
a protective response, thus also a reduced or depressed response
could be detrimental predisposing to overwhelming infection
[15].

The purpose of this research was to discover specific
biomarkers associated with BV able to predict the risk of preterm
birth, with special focus on early adverse events. We aimed to
assess whether specific levels of vaginal IL-1beta in pregnant
women with BV are associated with adverse pregnancy outcome.
Specifically, this study assesses if the risk of adverse outcome
has a U-shape profile according to IL-1beta levels, based on the
hypothesis that both hyper-responders and hypo-responders
may constitute subgroups of high risk [15,26,27]. Thus, the upper
(>66th percentile) and lower (<33rd percentile) tertiles of IL-
1beta concentrations were compared with the middle tertile
(33rd to 66th percentile). Our final goal is to find a biomarker to
personalize treatment intensity in pregnant women with BV.

Materials and Methods
Study design

The primary aim of this study was to ascertain if a subset of
truly at risk BV positive women could be identified via vaginal
biomarkers in early pregnancy. The study employed a prospective
design where all women enrolling for prenatal care prior to 20
weeks of gestation were asked to participate. For those meeting
eligibility criteria and providing written informed consent,
vaginal secretions were obtained for diagnosis of BV and banking
until birth outcome was determined. Vaginal secretions were
analyzed from all BV positive women delivering prior to term
and a randomly selected sample of controls among BV positive
women delivering term, normal birth weight infants (237 weeks’
gestation and >2500 g). All women attending their first prenatal
visit at three hospital-based clinics located in Philadelphia (PA)
between January 2002 and September 2004 were screened for
eligibility.

Women were considered eligible for participation if they:

a) Were less than 20 weeks pregnant at the time of enrollment,

b) Spoke either English or Spanish,
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c) Had a singleton intrauterine pregnancy,
d) Were not HIV positive,

e) Did not seek a therapeutic abortion,

f) Were 18 years of age or older,

g) Underwent a routine pelvic examination at the enrollment
visit, and

h) Had no vaginal bleeding at the time of sample collection.

We did not exclude women reporting recent vaginal intercourse
based upon our own preliminary work [45]. In an analysis of
vaginal secretions obtained from 300 BV positive women from
this cohort, IL-1beta concentrations were not correlated with
prostate-specific antigen (PSA), which is considered the best
marker of seminal fluid contamination of vaginal samples.
Furthermore, we did not exclude women that entered prenatal
care taking antibiotics or women prescribed antibiotics at the
time of their first prenatal care visit. We based this decision upon
the fact that women (n = 199) who were taking antibiotics or
who were prescribed antibiotics (including penicillin, ampicillin,
amoxicillin, aminoglycosides, clindamycin, metronidazole,
macrolides, cephalosporins, and others) did not have a different
distribution of preterm birth outcomes compared to those women
that did not take antibiotics.

Collection of medical data and specimens

At the time of enrollment, seven dacron swabs were used to
collect vaginal secretions from the posterior wall of the vaginal
fornix and processed as described elsewhere [33]. Vaginal
samples were stored frozen in liquid nitrogen soon after
collection and shipped on dry ice to a core laboratory, where
all measurements were performed. Gram stained smears from
all women who were eligible and consented to participate (n =
1,806) were evaluated according to the Nugent score [33,46], by
personnel blinded to all other data. BV was defined as a Nugent
score of 7-10 [33,46]. The BV diagnosis was not disclosed to the
women or their care providers. Only BV positive women were
further examined. Pregnancy outcome and gestational age was
ascertained after delivery by medical record review. Records
were also abstracted to determine whether early births were
spontaneous or medically indicated [47]. To ensure accuracy of
the information, all medical records were abstracted by trained
personnel and all controversial aspects of the chart were flagged
and reviewed by three consulting physicians. Sociodemographic,
health behavioral and previous medical history, was collected in
face-to-face interviews by trained study staff. Body mass index
(BMI) was calculated from self reported height and weight
information. BMI was defined as weight in kilograms divided by
the square of height in meters.

Definitions of outcome

Estimates of gestational age were based on the first ultrasound
for most 94.3%, (n = 377) of the 400 study participants in the final
analytic sample. For those without an ultrasound (n = 23; 5.75%),
gestational age was determined from medical record abstractions.
Among all BV positive women, pregnancies that ended in live birth,
stillbirth or miscarriage were classified as follows: PTB (live birth
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between 20 and <37 weeks of gestation), stillbirth (between 20
and <37 weeks), late miscarriages (between 12 and <20 weeks);
early miscarriages (<12 weeks). Adverse pregnancy outcome
groups were compared to term, normal birth weight deliveries.
Out of the 109 adverse preterm outcomes, 105 had IL-1beta
measured. 52 women had spontaneous preterm births (SPTB) of
which 19 were early SPTB (between 20 and <34 weeks’ gestation)
and 33 were late SPTB (between 34 and <37 weeks’ gestation).
The remaining adverse outcomes were as follows; 17 early
miscarriages, 14 late miscarriages, 12 medically induced preterm
births, 2 preterm births with no information about induction
(not further examined in detail), and 8 stillbirths. Unadjusted
comparisons between the term normal weight infants, all adverse
preterm outcomes and the six discrete subsets were performed
on all three tertiles of IL-1beta, specifically, first (<33™ percentile),
second (33" to 66™ percentile), and third (>66" percentile) tertile
of IL-1beta concentrations.

Evaluation of IL-1beta concentration: IL-1beta concentration
was determined in duplicate as described previously [3,26], and
expressed as picograms per milliliter. IL-1beta concentrations
were quantified in the vaginal fluid by commercial ELISA kit
(Sanquin, Amsterdam, The Netherlands) and measurements were
performed according to the manufacturer’s instructions. The
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intra- and inter-assay coefficient variations were less than 10%.
The lower detection limit for human IL-1beta was 1 pg/mL. A
zero value was assigned to samples below this limit for statistical
calculations. 17 women had undetectable IL-1beta.

Statistical analysis

The Kolmogorov-Smirnov test was used to assess the normality
of data distribution. IL-1beta concentrations were not normally
distributed. Bivariate comparisons, using the Mann-Whitney U
test, one-way ANOVA or Kruskal-Wallis non parametric test when
appropriate, and chi-squared tests were conducted comparing
the IL-1beta tertiles across a wide range of sociodemographic,
behavioral and medical characteristics. A univariable multinomial
logistic regression model was used to evaluate the odds ratios
(ORs) and 95% confidence intervals (Cls) for the IL-1beta tertiles
comparing the mutually exclusive adverse outcome categories to
term normal births. Univariable logistic regression models were
used to evaluate the OR’s and 95% CI’s for the IL-1beta tertiles
comparing the combined adverse categories to the term normal
births. A multivariable multinomial regression model was used to
evaluate the relative risk ratios (RRRs) and the 95% Cls for the
covariates from Table 1 with the middle tertile as the comparison
group. Covariates that were significant at the 0.10 level were
included in the regression model.

Table 1: Sociodemographic characteristics of women in the first, second and third tertile of IL-1beta concentrations, and comparison between women

with lower, middle or upper tertile.

Variable First tertile Second Tertile Third Tertile P
n=133 n=133 n=134
Age—mean years (SD) 24.8 (5.7) 24.9 (5.7) 23.7 (4.6) 0.116
Race—no. (%) 0.021
Black 94 (70.9) 100 (75.2) 78 (58.2)
White 7 (5.3) 3(2.3) 5(3.7)
Hispanic 32 (24.1) 30 (22.6) 51(38.1)
Education—no. (%) 0.08
Did not complete high school 43 (32.3) 42 (31.6) 55 (41.0)
High School Graduate/GED 59 (44.4) 59 (44.4) 63 (47.0)
Continued past high school 31(23.3) 32 (24.1) 16 (11.9)
Marital status, married—no. (%) 32 (24.1) 24 (18.1) 38 (28.4) 0.136
Non-US born—no. (%) 18 (13.5) 22 (16.5) 38 (28.4) 0.005
Parity—no. (%) 0.104
None 51 (38.4) 65 (48.9) 51(38.1)
One 33 (24.8) 38 (28.6) 38 (28.4)
Two or more 49 (36.8) 30 (22.6) 45 (33.6)
Annual income—mean dollars (SD) 12564 (11434) 11375 (9525) {1(1)4;3(?;] 0.570
Body mass index —mean kg/m?(SD) 27 (8) 27 (6) 26 (6) 0.599
Gestational age at enrollment—mean weeks (SD) 12.2 (3.7) 11.0 (3.2) 12.7 (3.8) <0.001
Gestational age at delivery—mean weeks (SD) 35.9(8.1) 35.5(8.5) 36.9 (6.9) 0.337
Smoked during pregnancy—no. (%) 28 (21.1) 31(23.3) 23(17.2) 0.453
Antibiotics use between enrollment and delivery—no. (%) 63 (47.4) 73 (54.9) 59 (44.0) 0.192
Douching in the year before pregnancy—no. (%) 67 (50.3) 68 (51.1) 68 (50.7) 0.993
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Previous use of oral contraception in the year before 28 (21.1) 21 (15.8) 24 (17.9) 0.535
pregnancy—no. (%)

Ever had sexually transmitted disease—no. (%) 50 (37.6) 61 (45.9) 45 (33.6) 0.111

Sexually transmitted disease in current pregnancy —no. (%) 28 (21.1) 22 (16.5) 42 (31.3) 0.013

Trichomonas vaginalis 18 (13.5) 12 (9.0) 26 (19.4) 0.043

Chlamydia trachomatis 11 (8.2) 7 (5.2) 18 (13.4) 0.053

Candida spp. 28(21.1) 33 (24.8) 26 (19.4) 0.563

Nugent score in current pregnancy—mean no. (SD) 8.7 (1.1) 8.9 (1.1) 8.5 (1.0) 0.034

Ever had bacterial vaginosis—no. (%) 30 (22.6) 27 (20.3) 21 (15.6) 0.350

Age of sexual debut—mean years (SD) 15.5 (1.9) 15.6 (2.3) 15.9 (2.7) 0.457

Number of partners lifetime—mean number (SD) 5.6 (5.5) 6.7 (6.5) 6.2 (10.8) 0.535

GED: General Equivalency Degree

This research was approved by the institutional review boards
at Thomas Jefferson University, Drexel University College of
Medicine, and at University of Udine.

Results

Among the 3,915 women attending their first prenatal
visit, 1,965 met criteria for eligibility. Of these women, 1,806
(91.9%) consented to participate. A total of 800 (44.3%) study
participants were diagnosed with BV (69.3% of black women,
and 30.6% of non-black women) and data on birth outcome were
available for 707 women (88.4%). Of these BV-positive women,
116 had a preterm adverse pregnancy outcome and 591 had a
full term delivery (237 weeks). Nine women were excluded for
poor specimen quality or missing data, leaving 105 specimens
from women with any preterm adverse outcome available for IL-
1beta analyses. Specifically, the 105 preterm adverse deliveries
included all live PTBs (20 to <37 weeks of gestation, n = 66, of
which 52 were spontaneous PTBs, 12 were indicated PTBs, and
2 cases of undefined PTBs because of absence of precise records
about induction), stillbirths (20 to <37 weeks of gestation, n =
8), late miscarriages (12 to <20 weeks of gestation, n = 14), and
early miscarriages (<12 weeks of gestation, n = 17). Among the 52
spontaneous preterm births, 33 were late SPTB (34 to <37 weeks’
gestation), and 19 were early SPTB (20 to <34 weeks’ gestation).
To ensure a minimum case-control ratio of 1:3, we randomly
selected 295 term, normal birth weight deliveries (237 weeks and
22500 g) from the 591 full term births to serve as controls. The
total sample size for these analyses was 400.

The sample consisted mostly of poor, young, unmarried, African
American women with relatively low educational attainment
enrolled in approximately their 12" week of pregnancy (mean
12 + SD 3.7 weeks; range, 5-19 weeks of gestation) (Table 1).
Ninety-six percent (383/400) of the study participants (all
having Nugent 7-10) had detectable IL-1beta concentrations (=1
pg/mL). Highest value of IL-1beta was 7125 pg/mL. The 33"
percentile (first tertile) corresponded to 106 pg/mL, the 66th
percentile (second tertile) corresponded to 396 pg/mL. Table 1
shows comparison of sociodemographic and pregnancy outcomes
characteristics according to IL-1beta tertile concentrations. The

higher tertile values were more frequently found in Hispanic
women (45%, 51/113) than in black women (28.7%, 78/272). On
the opposite, the lower tertile values were more frequent in blacks
(34.6%,94/272) than in Hispanics (28.3%, 32/113). Consistently,
(median, range) continuous IL-1beta concentrations were lower
in blacks (171, 0-4640 pg/mL) than in Hispanics (331, 0-4748
pg/mL), P = 0.005. Hispanics concentrations did not differ from
whites (253, 27-2869 pg/mL), P = 0.68. Overall, blacks differed
from non-blacks (P = 0.039). Race, foreign born, gestational age
at enrollment, Nugent score, and sexually transmitted diseases
(particularly Trichomonas vaginalis) were associated with the IL-
1beta tertiles at the 0.05 level (Table 1).

According to previous observations [35] and data presented in
Table 1, vaginal IL-1beta levels can be modulated by the presence
of concurrent infections, particularly T vaginalis co-infection,
thus a secondary analysis was performed by excluding the 56
women with T vaginalis. Table 2 illustrates the comparison of IL-
1beta tertiles among T vaginalis negative women. Differences in
race, US born, gestational age at enrollment remain statistically
significant, on the contrary STD in current pregnancy was no
longer significant. However, ever had an STD and antibiotic use
between enrollment and delivery were marginally associated with
IL-1beta tertiles (P = 0.06, and P = 0.07, respectively). Specifically,
regarding race differences, the higher tertile values were more
frequently found in Hispanic women (45.4%, 49/108) than in
black women (24.4%, 54/221). On the opposite, the lower tertile
values were more frequent in blacks (35.7%, 79/221) than in
Hispanics (26.6%, 29/108). Notably, after exclusion of T. vaginalis
positive women (Table 2), low Nugent score was no longer
associated to the highest IL-1beta tertile (Table 1). This finding
is in keeping with a previous observation demonstrating a lower
Nugent score in BV-positive women co-infected with T. vaginalis,
who rarely have Mobiluncus spp. present in their Gram stain [33].

Table 3 shows results obtained when a multinomial logit
regression model was fit to the data with interaction terms of race
and nativity in the model. The middle tertile was used as the base
group in the model. The foreign born Hispanic group compared
to US born black group is associated to a relative risk ratio (RRR)
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= 2.51 (1.09-5.76) with the highest tertile after adjusting for age,
marital status, education, parity, antibiotic use prior to labor and
delivery, gestational age at enrollment and STD’s (including T
vaginalis) in pregnancy. Age at enrollment was associated with
the higher tertile and suggests a lower risk of achieving the
highest tertile of IL-1beta compared to the middle tertile with
increasing age. Antibiotic use prior to labor and delivery was
associated with the higher tertile and suggests a lower risk of
achieving the highest tertile for those who used antibiotics during
the specified period. Parity was associated with both the lowest
and highest tertiles with those having 2 or more children at a
higher risk of the extreme tertiles. Gestational age at enrollment
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was associated with both the lowest and the highest tertiles with
increasing gestational age showing an increased risk for both
the extreme tertile categories. Having an STD during pregnancy
was associated with an elevated risk of the highest tertile and
marginally with the lower tertile compared to the middle tertile.

Table 4 shows the odd ratios (OR’s) and 95% CI’s for the IL-
1beta tertiles comparing the adverse birth outcomes to term
normal births. The IL-1beta tertiles were not associated with any
of the adverse birth outcomes. Also after exclusion of T. vaginalis
positive women, the results did not show any association between
the IL-1beta tertiles and adverse birth outcomes (data not shown).

Table 2: Sociodemographic characteristics of women in the first, second and third tertile of IL-1beta concentrations, and comparison between women
with lower;, middle or upper tertile after exclusion of 56 T vaginalis positive women.

Variable First tertile Second Tertile Third Tertile P
n=115 n=121 n=108
Age—mean years (SD) 25.2(5.8) 25.2(5.8) 23.6 (4.6) 0.100
Race—no. (%) 0.002
Black 79 (68.7) 88 (72.7) 54 (50)
White 7 (6.1) 3(2.5) 5 (4.6)
Hispanic 29 (25.2) 30 (24.8) 49 (45.4)
Education—no. (%) 0.101
Did not complete high school 35 (30.4) 37 (30.6) 47 (43.5)
High School Graduate/GED 51 (44.4) 55 (45.5) 46 (42.6)
Continued past high school 29 (25.2) 29 (23.9) 15 (13.9)
Married 31(26.9) 24 (19.8) 34 (31.5) 0.126
Non US born—no. (%) 16 (13.9) 22 (18.2) 36 (33.3) 0.001
Parity—no. (%) 0.104
None 42 (36.5) 58 (47.9) 41(37.9)
One 27 (23.5) 34 (28.1) 31(28.7)
Two or more 46 (40.0) 29 (23.9) 36 (33.3)
Annual income—mean dollars (SD) 13301 (12372) 11264 (9667) 11159 (11159) 0.359
Body mass index —mean kg/m?(SD) 27.2(8.2) 27 (5.8) 26.1 (5.6) 0.437
Gestational age at enrollment—mean weeks (SD) 12.0 (3.80) 11.0 (3.3) 12.7 (3.9) 0.002
Gestational age at delivery—mean weeks (SD) 35.9(8.1) 35.3(8.8) 36.9(7.2) 0.329
Smoked during pregnancy—no. (%) 23 (20) 31 (25.6) 18 (16.7) 0.240
Antibiotics use between enrollment and delivery—no. (%) 48 (45.3) 62 (54.4) 39 (38.6) 0.070
Douching in the year before pregnancy—no. (%) 59 (51.3) 59 (48.8) 55 (50.9) 0.915
Previous use of oral contraception in the year before 22 (19.1) 21(17.4) 22 (20.4) 0.842
pregnancy—no. (%)
Ever had sexually transmitted disease—no. (%) 41 (35.7) 53 (43.8) 31(28.7) 0.060
Sexually transmitted disease in current pregnancy —no. (%) 10 (8.7) 10 (8.7) 16 (14.8) 0.203
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Trichomonas vaginalis - - - -

Chlamydia trachomatis 9(7.0) 6(5.1) 12 (11.4) 0.219

Candida spp. 24 (21.1) 27 (22.9) 18 (17.1) 0.560

Nugent score in current pregnancy—mean no. (SD) 8.7 (1.1) 8.8(1.1) 8.6 (1.0) 0.341

Ever had bacterial vaginosis—no. (%) 24 (20.9) 24 (19.8) 13 (12.0) 0.170

Age of sexual debut—mean years (SD) 15.5(1.9) 15.7 (2.3) 15.9 (2.8) 0.385

Number of partners lifetime—mean number (SD) 5.8(5.8) 6.7 (6.7) 6.3 (11.9) 0.735

GED: General Equivalency Degree

Table 3: Relative risk ratios (RRR’s) and 95% confidence intervals (CI's) for the association between IL-1beta concentration levels and significant

covariates.

IL-1beta <33 percentile

IL-1beta >66% percentile

VEELIE RRR (95% CI) RRR (95% CI)
Age,y 0.97 (0.92-1.03) 0.93 (0.87-0.99)
Married 158 (0.77-3.24) 142 (0.67-2.98)

Antibiotics prior to labor and delivery

0.61 (0.34-1.07)

0.50 (0.27-0.92)

US born black 1 1
US born Hispanic 1.52 (0.65-3.57) 1.52 (0.60-3.82)
US born White 1.66 (0.36-7.61) 1.54 (0.29-7.91)

Foreign born black

0.48 (0.10-2.24)

0.44 (0.07-2.65)

Foreign born Hispanic

0.67 (0.27-1.67)

2.51 (1.09-5.76)

Education-post high school

1

1

Education-high school

0.71 (0.36-1.41)

1.45 (0.65-3.26)

Education-less than high school

0.70 (0.32-1.49)

1.48(0.62-3.50)

Parity-none

1

1

Parity-1

1.35 (0.69-2.65)

1.95 (0.97-3.91)

Parity-2 or more

2.78 (1.32-5.85)

3.45 (1.56-7.62)

Gestational age at enrollment, wk

1.10 (1.01-1.18)

1.14 (1.06-1.23)

STD during pregnancy

1.99 (0.97, 4.07)

3.70 (1.79-7.65)

Table 4: Crude odds ratios (OR’s) and 95% CI’s for the association between IL-1beta concentration levels and adverse preterm birth outcome (n = 105).

Total IL-1beta <33™ IL-1beta 33™-<66™ IL-1beta >66"
Pregnancy Outcome n =400 percentile, n = 133 percentile, n = 133 percentile, n = 134
n n OR (95% CI) n OR (95% CI) n OR (95% CI)
Term normal birth weight? 295

All adverse preterm outcomes 105 34 0.80 (0.47-1.37) 40 1 31 0.70 (0.41-1.21)
Early miscarriage (<12 weeks) 17 6 0.81 (0.26-2.48) 7 1 4 0.52 (0.15-1.81)
Late miscarriages (12-<20 weeks) 14 6 1.12 (0.33-3.81) 5 1 3 0.54 (0.13-2.33)
Early spontaneous preterm births (20-<34 weeks)® 19 4 0.42 (0.12-1.40) 9 1 6 0.60 (0.21-1.76)
Late spontaneous preterm births (34-<37 weeks)* 33 10 0.85 (0.35-2.10) 11 1 12 0.98 (0.41-2.34)
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All spontaneous preterm births¢ 52 14 0.66 (0.31-1.38) 20 1 18 0.81 (0.41-1.63)
Indicated preterm births¢ 12 6 1.88 (0.46-7.73) 3 1 3 0.90 (0.18-4.58)
Stillbirths 8 2 | 0.47(0.08-2.62) 4 1 2 | 0.45(0.08-2.52)

aTerm normal birth weight deliveries group: livebirths =237 weeks of gestation and birth weight 22500 g (control group).

"Spontaneous live preterm deliveries between 20 to <34 weeks of gestation.

‘Spontaneous live preterm deliveries between 34 to <37 weeks of gestation.

4Two PTB cases did not have enough information to be classified as spontaneous or indicated PTBs and hence were dropped from the analysis.

Continuous values of IL-1beta concentrations did not vary (by
Mann-Whitney test) between: a) all adverse preterm outcomes vs.
controls in all participants (P = 0.32); b) in black only women (P
= 0.94); c) in Hispanic only women (P = 0.46); d) in white only
women (P =0.47).

Frequency of all adverse birth outcomes were different
between the races with 30.5% (83/272) of blacks, 16.8%
(19/113) of Hispanic, and 20% (3/15) of whites having an adverse
outcome, P = 0.016. The race comparisons were not significant for
the term normal weight controls and spontaneous PTB alone (P =
0.057) and for all adverse outcomes categorized into the mutually
exclusive categories (P = 0.30).

Discussion

This study in the largest investigation regarding vaginal IL-
lbeta performed in pregnant women who were BV-positive
enrolled in early gestation. More than 1 million infants die every
year because they are born preterm [8,48]. PTB is an increasingly
prevalent, complex condition associated with a high risk of infant
mortality and morbidity, including cerebral palsy, blindness,
hearingloss, and also hidden disabilities such as school difficulties
and behavioural problems that become apparent and persist into
adolescence [49]. PTB has a recognized complex multifactorial
etiology. Numerous clinical studies have shown a direct
relationship between reproductive tract infection/inflammation
and PTB [7,9,10]. Among microbial alterations, BV has received
particular attention, because it is a highly prevalent condition
among childbearing and pregnant women, with prevalence
ranging from approximately 10 to 50% according mainly to ethnic
origin, with black women showing the highest prevalence.®*>
However, conflicting findings in large-scale clinical trials on the
PTB prevention effects of intensive antibiotic treatments has been
a topic of much debate [23,24,52,53]. Recently, many authors
call for the development of biomarkers to assess risk of adverse
pregnancy outcomes early in gestation in BV-positive women at
high risk of adverse pregnancy outcome [2-4,47,54,55]. Among
candidate biomarkers, inflammatory factors seem promising
owing to the evidence implicating of inflammatory pathways
in PTB and labor (such as the infiltration by macrophages and
neutrophils into the myometrium and cervix) [44,56].

IL-1beta is a particularly attractive pathophysiologic marker
due to the availability of a recombinant form of the IL-1 receptor
antagonist, called anakinra, which has been shown to block IL-
lbeta pro-inflammatory effects in different diseases [41,57].
Levels of IL-1beta in vaginal fluid are 10 to 20-fold elevated
in BV positive women compared to controls. Interestingly,

recent evidence suggests that genetic variants in IL-1 genes are
associated with BV [35], as well as to spontaneous preterm labor
[58]. Because results support a central role of IL-1beta, which
appeared to be over stimulated in BV, if PTB would be associated
with elevated local IL-1beta, its specific blockade using anakinra
thereby could potentially open new therapeutic avenues in PTB.
Thus, vaginal IL-1beta appears to be a suitable predictor of risk for
PTB among BV-positive women. In spite of this rationale, we did
not observe any association between IL-beta levels and PTB, nor
adverse pregnancy outcomes, in general. We explored both high
levels (upper tertile) and low levels (lower tertile) of IL-1beta,
because both extreme conditions could be detrimental. However,
none of the extreme levels were associated with increased risk of
adverse outcome.

Reasons for failure of vaginal IL-1beta to predict PTB could
derive mainly from:

A. Other immune factors down-stream from IL-1beta stimulus

are more crucial than IL-1beta itself;

B. Vaginal IL-1beta levels are unrelated to upper genital tract
inflammation and do not reflect for example amniotic fluid
[L-1beta levels;

C. Timing of optimal vaginal IL-1beta use to predict PTB is
later in gestation [59,60], and/or a more narrow weeks of
gestation interval should be considered for inclusion;

IL-1beta is one too general immune factor, modulated by
almost every kind of stimuli including mechanical ones, thus
it is not truly indicative of infection related damages.

An interesting finding of our research is race modulation of
vaginal IL-1beta levels, this adds to the evidence for arole of ethnic
background when considering cytokine profile [61-64], which
likely derives from differences in genetic polymophisms of IL-1
family genes [63,65]. Overall, this variation may lead to different
pathophysiologic pathways of PTB in different races [66,67].

An intriguing observation of our study is that women in the
middle tertile of IL-1beta were enrolled on average 1 week earlier
that women in the extreme tertiles, this seems to suggest that with
progression of gestation hyper- and hypo-responders become
more evident. In the multivariable multinomial regression model
parity (2 or more) was also a risk factor for membership in an
extreme tertiles of IL-1beta. Potentially this finding results from
a memory effect of past hyper- and hypo-responder in prior
gestations. Further investigations are needed to assess these
issues.
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We also observed that being non-US born especially if of
Hispanic race increases the likelihood of being an IL-1beta hyper-
responders. Possibly this result derives from different exposures
over the life course up-regulating the inflammatory response. No
previous study examined this kind of effects, thus, more detailed
studies will be necessary to address this issue.

An obvious limitation of our study is that, due to the project
design aimed to identify BV subgroups at high risk of adverse
pregnancy outcomes, only BV-positive women were examined.
Further cohort studies enrolling women regardless of BV-status
could assess in the general population of pregnant women the
risk associated to vaginal IL-1beta levels.

Among previous studies that examined cervicovaginal
cytokine association with adverse pregnancy outcomes, Genc
and colleagues showed that among women colonized with
anaerobic Gram-negative rods and/or Gardnerella vaginalis, an
elevated IL-1beta concentration was associated with preterm
delivery [68]. On the other hand, a study including 121 women
with twin pregnancies sampled at 24, 26, 28, 30, 32 and 34 weeks
of gestation determined that the levels of IL-1alpha and IL-6 in
cervicovaginal secretion were not significantly associated with
preterm birth [37].

The availability of non-invasive early markers that could
predict adverse pregnancy outcomes would be very helpful in
guiding management of BV positive women remote from term.
Ideally, to be useful clinically, predictive markers of pregnancy
complications should discriminate between women who will
and will not have a specific adverse outcome, far before the
outcome occurs to possibly guide pharmacological treatments. In
this study, we have found that, although IL-1beta is a prominent
cytokine in secretions of BV positive women, it does not constitute
a predictive marker of adverse outcome. Our study is in line with
recent findings by other authors measuring plasma cytokine
profile in pregnant women [69]. None of the measured cytokines
demonstrated high sensitivity, specificity, or discriminative
predictive values for any outcome. Overall, it is likely that inability
of cytokines to constitute a valid biomarker of risk reflects the
significant overlap in levels associated to each risky condition.
Future studies should be devoted to examine cytokines levels
in combinations with other kind of markers such as microbial
factors.

Clinical Implications

Concentration of IL-lbeta in vaginal fluid at 12 weeks’
gestation is not a predictive marker for adverse pregnancy
outcomes including miscarriage and spontaneous preterm birth.
Several evidence suggests immune response, particularly innate
immunity as a crucial component of complex events leading
to adverse pregnancy outcomes and particularly spontaneous
PTB, thus more research exploring immune factors and single
or combined biomarkers is advisable. In general, further
research should include investigations of low-cost, non-invasive
and effective tests and treatments to reduce (or at least delay)
spontaneous preterm birth and reduce the risk of perinatal
mortality/morbidity arising from preterm birth, thus attenuating
major familial distress and health costs.

Copyright:
©2016 Cauci et al.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Cauci S, Hitti J, Noonan C, Agnew K, Quadrifoglio F, et al. (2002)
Vaginal hydrolytic enzymes, immunoglobulin A against Gardnerella
vaginalis toxin, and risk of early preterm birth among women in
preterm labor with bacterial vaginosis or intermediate flora. Am |
Obstet Gynecol 187(4): 877-881.

Cauci S, McGregor ], Thorsen P, Grove ], Guaschino S (2005)
Combination of vaginal pH with vaginal sialidase and prolidase
activities for prediction of low birth weight and preterm birth. Am ]
Obstet Gynecol 192(2): 489-496.

Cauci S, Culhane JF Di Santolo M, McCollum K (2008) Among
pregnant women with bacterial vaginosis, the hydrolytic enzymes
sialidase and prolidase are positively associated with interleukin-
1beta. Am ] Obstet Gynecol 198(1): 132.e1-132.e7.

Sobel JD (2005) What's new in bacterial vaginosis and
trichomoniasis? Infect Dis Clin North Am 19(2): 387-406.

Goldenberg RL, Rouse D] (1998) Prevention of premature birth. N
Engl ] Med 339(5): 313-320.

Goldenberg RL, Goepfert AR, Ramsey PS (2005) Biochemical
markers for the prediction of preterm birth. Am ] Obstet Gynecol
192(5 Suppl): S36-S46.

Goldenberg RL, Culhane JF, [ams JD, Romero R (2008) Epidemiology
and causes of preterm birth. Lancet 371(9606): 75-84.

Howson CP MM, Lawn JE, Requejo JH, Say L (2009) March of Dimes.
White paper on preterm birth. White Plains, New York 10605, USA,
p. 1-20.

Goldenberg RL, Hauth JC, Andrews WW (2000) Intrauterine
infection and preterm delivery. N Engl ] Med 342(20): 1500-1507.

Romero R, Espinoza ], Goncalves LF, Kusanovic JP, Friel L, et al.
(2007) The role of inflammation and infection in preterm birth.
Semin Reprod Med 25(1): 21-39.

Hillier SL (2005) The complexity of microbial diversity in bacterial
vaginosis. N Engl ] Med 353(18): 1886-1887.

Hillier SL, Nugent RP, Eschenbach DA, Krohn MA, Gibbs RS, et al.
(1995) Association between bacterial vaginosis and preterm
delivery of a low-birth-weight infant. The Vaginal Infections and
Prematurity Study Group. N Engl ] Med 333(26): 1737-1742.

McGregor JA, French ]I, Parker R, Draper D, Patterson E, et al. (1995)
Prevention of premature birth by screening and treatment for
common genital tract infections: results of a prospective controlled
evaluation. Am ] Obstet Gynecol 173(1): 157-167.

Goldenberg RL, Culhane JF (2003) Infection as a cause of preterm
birth. Clin Perinatol 30(4): 677-700.

Romero R, Chaiworapongsa T, Kuivaniemi H, Tromp G (2004)
Bacterial vaginosis, the inflammatory response and the risk of
preterm birth: a role for genetic epidemiology in the prevention of
preterm birth. Am ] Obstet Gynecol 190(6): 1509-1519.

Goldenberg RL, Culhane JF (2006) Preterm birth and periodontal
disease. N Engl ] Med 355(18): 1925-1927.

Meis PJ, Goldenberg RL, Mercer B, Moawad A, Das A, et al. (1995)
The preterm prediction study: significance of vaginal infections.
National Institute of Child Health and Human Development
Maternal-Fetal Medicine Units Network. Am ] Obstet Gynecol
173(4): 1231-1235.

Citation: Cauci S, Culhane JF (2016) Local Interleukin-1beta in Pregnant Women with Bacterial Vaginosis and Adverse Pregnancy Outcomes. Obstet

Gynecol Int ] 5(4): 00169. DOI: 10.15406/0gij.2016.05.00169


http://dx.doi.org/10.15406/ogij.2016.05.00169
https://www.ncbi.nlm.nih.gov/pubmed/12388968
https://www.ncbi.nlm.nih.gov/pubmed/12388968
https://www.ncbi.nlm.nih.gov/pubmed/12388968
https://www.ncbi.nlm.nih.gov/pubmed/12388968
https://www.ncbi.nlm.nih.gov/pubmed/12388968
https://www.ncbi.nlm.nih.gov/pubmed/15695992
https://www.ncbi.nlm.nih.gov/pubmed/15695992
https://www.ncbi.nlm.nih.gov/pubmed/15695992
https://www.ncbi.nlm.nih.gov/pubmed/15695992
https://www.ncbi.nlm.nih.gov/labs/articles/17714681/
https://www.ncbi.nlm.nih.gov/labs/articles/17714681/
https://www.ncbi.nlm.nih.gov/labs/articles/17714681/
https://www.ncbi.nlm.nih.gov/labs/articles/17714681/
https://www.ncbi.nlm.nih.gov/pubmed/15963878
https://www.ncbi.nlm.nih.gov/pubmed/15963878
https://www.ncbi.nlm.nih.gov/pubmed/9682045
https://www.ncbi.nlm.nih.gov/pubmed/9682045
https://www.ncbi.nlm.nih.gov/pubmed/15891711
https://www.ncbi.nlm.nih.gov/pubmed/15891711
https://www.ncbi.nlm.nih.gov/pubmed/15891711
https://www.ncbi.nlm.nih.gov/pubmed/18177778
https://www.ncbi.nlm.nih.gov/pubmed/18177778
http://www.marchofdimes.org/materials/white-paper-on-preterm-birth.pdf
http://www.marchofdimes.org/materials/white-paper-on-preterm-birth.pdf
http://www.marchofdimes.org/materials/white-paper-on-preterm-birth.pdf
https://www.ncbi.nlm.nih.gov/pubmed/10816189
https://www.ncbi.nlm.nih.gov/pubmed/10816189
https://www.ncbi.nlm.nih.gov/pubmed/17205421
https://www.ncbi.nlm.nih.gov/pubmed/17205421
https://www.ncbi.nlm.nih.gov/pubmed/17205421
https://www.ncbi.nlm.nih.gov/pubmed/16267319
https://www.ncbi.nlm.nih.gov/pubmed/16267319
https://www.ncbi.nlm.nih.gov/pubmed/7491137
https://www.ncbi.nlm.nih.gov/pubmed/7491137
https://www.ncbi.nlm.nih.gov/pubmed/7491137
https://www.ncbi.nlm.nih.gov/pubmed/7491137
https://www.ncbi.nlm.nih.gov/pubmed/7631673
https://www.ncbi.nlm.nih.gov/pubmed/7631673
https://www.ncbi.nlm.nih.gov/pubmed/7631673
https://www.ncbi.nlm.nih.gov/pubmed/7631673
https://www.ncbi.nlm.nih.gov/pubmed/14714919
https://www.ncbi.nlm.nih.gov/pubmed/14714919
https://www.ncbi.nlm.nih.gov/pubmed/15284723
https://www.ncbi.nlm.nih.gov/pubmed/15284723
https://www.ncbi.nlm.nih.gov/pubmed/15284723
https://www.ncbi.nlm.nih.gov/pubmed/15284723
https://www.ncbi.nlm.nih.gov/pubmed/17079769
https://www.ncbi.nlm.nih.gov/pubmed/17079769
https://www.ncbi.nlm.nih.gov/pubmed/7485327
https://www.ncbi.nlm.nih.gov/pubmed/7485327
https://www.ncbi.nlm.nih.gov/pubmed/7485327
https://www.ncbi.nlm.nih.gov/pubmed/7485327
https://www.ncbi.nlm.nih.gov/pubmed/7485327

Local Interleukin-1beta in Pregnant Women with Bacterial Vaginosis and Adverse

Pregnancy Outcomes

18.

19.

20.

21.

22.

23.

24,

25.
26.

27.

28.

29.

30.

31.

32.

Hauth JC, Goldenberg RL, Andrews WW, DuBard MB, Copper RL
(1995) Reduced incidence of preterm delivery with metronidazole
and erythromycin in women with bacterial vaginosis. N Engl ] Med
333(26):1732-1736.

Romero R, Espinoza ], Chaiworapongsa T, Kalache K (2002)
Infection and prematurity and the role of preventive strategies.
Semin Neonatol 7(4): 259-274.

Carey JC, Klebanoff MA, Hauth JC, Hillier SL, Thom EA, et al. (2000)
Metronidazole to prevent preterm delivery in pregnant women
with asymptomatic bacterial vaginosis. National Institute of Child
Health and Human Development Network of Maternal-Fetal
Medicine Units. N Engl ] Med 342(8): 534-540.

Klebanoff MA, Carey JC, Hauth JC, Hillier SL, Nugent RP, etal. (2001)
Failure of metronidazole to prevent preterm delivery among
pregnant women with asymptomatic Trichomonas vaginalis
infection. N Engl ] Med 345(7): 487-493.

Ugwumadu A, Manyonda I, Reid F Hay P (2003) Effect of early
oral clindamycin on late miscarriage and preterm delivery in
asymptomatic women with abnormal vaginal flora and bacterial
vaginosis: a randomised controlled trial. Lancet 361(9362): 983-
988.

Lamont RF (2008) Antibiotics used in women at risk of preterm
birth. Am ] Obstet Gynecol 199(6): 583-584.

Nygren P, Fu R, Freeman M, Bougatsos C, Klebanoff M, et al. (2008)
Evidence on the benefits and harms of screening and treating
pregnant women who are asymptomatic for bacterial vaginosis:
an update review for the U.S. Preventive Services Task Force. Ann
Intern Med 148(3): 220-233.

Sobel JD (2000) Bacterial vaginosis. Annu Rev Med 51: 349-356.

Cauci S, Thorsen P, Schendel DE, Bremmelgaard A, Quadrifoglio F, et
al. (2003) Determination of immunoglobulin A against Gardnerella
vaginalis hemolysin, sialidase, and prolidase activities in vaginal
fluid: implications for adverse pregnancy outcomes. ] Clin Microbiol
41(1): 435-438.

Cauci S (2004) Vaginal immunity in bacterial vaginosis. Curr Infect
Dis Rep 6(6): 450-456.

Honest H, Forbes CA, Durée KH, Norman G, Duffy SB, et al. (2009)
Screening to prevent spontaneous preterm birth: systematic
reviews of accuracy and effectiveness literature with economic
modelling. Health Technol Assess 13(43): 1-627.

Guaschino S, De Seta F, Piccoli M, Maso G, Alberico S (2006)
Aetiology of preterm labour: bacterial vaginosis. BJOG 113 Suppl
3:46-51.

Cauci S, Driussi S, Monte R, Lanzafame P, Pitzus E, et al. (1998)
Immunoglobulin A response against Gardnerella vaginalis
hemolysin and sialidase activity in bacterial vaginosis. Am ] Obstet
Gynecol 178(3): 511-515.

Cauci S, Monte R, Driussi S, Lanzafame P, Quadrifoglio F (1998)
Impairment of the mucosal immune system: IgA and IgM cleavage
detected in vaginal washings of a subgroup of patients with
bacterial vaginosis. ] Infect Dis 178(6): 1698-1706.

Cauci S, Guaschino S, Driussi S, De Santo D, Lanzafame P, et al.
(2002) Correlation of local interleukin-8 with immunoglobulin A
against Gardnerella vaginalis hemolysin and with prolidase and
sialidase levels in women with bacterial vaginosis. ] Infect Dis
185(11): 1614-1620.

33.

34.

35.

38.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Copyright:

©2016 Cauci et al. Sy

Culhane JE, Nyirjesy P, McCollum K, Goldenberg RL, Gelber SE, et
al. (2006) Variation in vaginal immune parameters and microbial
hydrolytic enzymes in bacterial vaginosis positive pregnant women
with and without Mobiluncus species. Am ] Obstet Gynecol 195(2):
516-521.

Cauci S, Guaschino S, De Aloysio D, Driussi S, De Santo D, et al.
(2003) Interrelationships of interleukin-8 with interleukin-1beta
and neutrophils in vaginal fluid of healthy and bacterial vaginosis
positive women. Mol Hum Reprod 9(1): 53-58.

Cauci S, Culhane JF (2007) Modulation of vaginal immune response
among pregnant women with bacterial vaginosis by Trichomonas
vaginalis, Chlamydia trachomatis, Neisseria gonorrhoeae, and
yeast. Am ] Obstet Gynecol 196(2): 133.e1-133.e7.

Witkin SS, Linhares IM, Giraldo P, Ledger W] (2007) An altered
immunity hypothesis for the development of symptomatic bacterial
vaginosis. Clin Infect Dis 44(4): 554-557.

Wennerholm UB, Holm B, Mattsby-Baltzer I, Nielsen T, Platz-
Christensen JJ, et al. (1998) Interleukin-1alpha, interleukin-6 and
interleukin-8 in cervico/vaginal secretion for screening of preterm
birth in twin gestation. Acta Obstet Gynecol Scand 77(5): 508-514.

Sturm-Ramirez K, Gaye-Diallo A, Eisen G, Mboup S, Kanki P]
(2000) High levels of tumor necrosis factor-alpha and interleukin-
1beta in bacterial vaginosis may increase susceptibility to human
immunodeficiency virus. ] Infect Dis 182(2): 467-473.

Cauci S, Driussi S, Guaschino S, Isola M, Quadrifoglio F (2002)
Correlation of local interleukin-1beta levels with specific IgA
response against Gardnerella vaginalis cytolysin in women with
bacterial vaginosis. Am ] Reprod Immunol 47(5): 257-264.

St John E, Mares D, Spear GT (2007) Bacterial vaginosis and host
immunity. Curr HIV/AIDS Rep 4(1): 22-28.

Dinarello CA (2010) IL-1: discoveries, controversies and future
directions. Eur ] Immunol 40(3): 599-606.

Baggia S, Gravett MG, Witkin SS, Haluska GJ, Novy M] (1996)
Interleukin-1 beta intra-amniotic infusion induces tumor necrosis
factor-alpha, prostaglandin production, and preterm contractions
in pregnant rhesus monkeys. ] Soc Gynecol Investig 3(3): 121-126.

Sadowsky DW, Adams KM, Gravett MG, Witkin SS, Novy M] (2006)
Preterm labor is induced by intraamniotic infusions of interleukin-
1beta and tumor necrosis factor-alpha but not by interleukin-6 or
interleukin-8 in a nonhuman primate model. Am ] Obstet Gynecol
195(6):1578-1589.

Osman], YoungA, Ledingham MA, Thomson A, Jordan F, etal. (2003)
Leukocyte density and pro-inflammatory cytokine expression in
human fetal membranes, decidua, cervix and myometrium before
and during labour at term. Mol Hum Repro 9(1): 41-45.

Culhane JF Nyirjesy P, McCollum K, Casabellata G, Di Santolo M,
et al. (2008) Evaluation of semen detection in vaginal secretions:
comparison of four methods. Am ] Reprod Immunol 60(3): 274-
281.

Nugent RP, Krohn MA, Hillier SL (1991) Reliability of diagnosing
bacterial vaginosis is improved by a standardized method of gram
stain interpretation. ] Clin Microbiol 29(2): 297-301.

Simhan HN, Caritis SN (2007) Prevention of preterm delivery. N
Engl ] Med 357(5): 477-487.

(2009) The global burden of preterm birth. Lancet 374(9697):
1214.

Citation: Cauci S, Culhane JF (2016) Local Interleukin-1beta in Pregnant Women with Bacterial Vaginosis and Adverse Pregnancy Outcomes. Obstet
Gynecol Int] 5(4): 00169. DOI: 10.15406/0gij.2016.05.00169


http://dx.doi.org/10.15406/ogij.2016.05.00169
https://www.ncbi.nlm.nih.gov/pubmed/7491136
https://www.ncbi.nlm.nih.gov/pubmed/7491136
https://www.ncbi.nlm.nih.gov/pubmed/7491136
https://www.ncbi.nlm.nih.gov/pubmed/7491136
https://www.ncbi.nlm.nih.gov/pubmed/12401296
https://www.ncbi.nlm.nih.gov/pubmed/12401296
https://www.ncbi.nlm.nih.gov/pubmed/12401296
https://www.ncbi.nlm.nih.gov/pubmed/10684911
https://www.ncbi.nlm.nih.gov/pubmed/10684911
https://www.ncbi.nlm.nih.gov/pubmed/10684911
https://www.ncbi.nlm.nih.gov/pubmed/10684911
https://www.ncbi.nlm.nih.gov/pubmed/10684911
https://www.ncbi.nlm.nih.gov/pubmed/11519502
https://www.ncbi.nlm.nih.gov/pubmed/11519502
https://www.ncbi.nlm.nih.gov/pubmed/11519502
https://www.ncbi.nlm.nih.gov/pubmed/11519502
https://www.ncbi.nlm.nih.gov/pubmed/12660054
https://www.ncbi.nlm.nih.gov/pubmed/12660054
https://www.ncbi.nlm.nih.gov/pubmed/12660054
https://www.ncbi.nlm.nih.gov/pubmed/12660054
https://www.ncbi.nlm.nih.gov/pubmed/12660054
http://www.ajog.org/article/S0002-9378(08)00791-6/abstract
http://www.ajog.org/article/S0002-9378(08)00791-6/abstract
https://www.ncbi.nlm.nih.gov/pubmed/18252684
https://www.ncbi.nlm.nih.gov/pubmed/18252684
https://www.ncbi.nlm.nih.gov/pubmed/18252684
https://www.ncbi.nlm.nih.gov/pubmed/18252684
https://www.ncbi.nlm.nih.gov/pubmed/18252684
https://www.ncbi.nlm.nih.gov/pubmed/10774469
https://www.ncbi.nlm.nih.gov/pubmed/12517887/
https://www.ncbi.nlm.nih.gov/pubmed/12517887/
https://www.ncbi.nlm.nih.gov/pubmed/12517887/
https://www.ncbi.nlm.nih.gov/pubmed/12517887/
https://www.ncbi.nlm.nih.gov/pubmed/12517887/
https://www.ncbi.nlm.nih.gov/pubmed/15538982
https://www.ncbi.nlm.nih.gov/pubmed/15538982
https://www.ncbi.nlm.nih.gov/pubmed/19796569
https://www.ncbi.nlm.nih.gov/pubmed/19796569
https://www.ncbi.nlm.nih.gov/pubmed/19796569
https://www.ncbi.nlm.nih.gov/pubmed/19796569
https://www.ncbi.nlm.nih.gov/pubmed/17206964
https://www.ncbi.nlm.nih.gov/pubmed/17206964
https://www.ncbi.nlm.nih.gov/pubmed/17206964
https://www.ncbi.nlm.nih.gov/pubmed/9539518
https://www.ncbi.nlm.nih.gov/pubmed/9539518
https://www.ncbi.nlm.nih.gov/pubmed/9539518
https://www.ncbi.nlm.nih.gov/pubmed/9539518
https://www.ncbi.nlm.nih.gov/pubmed/9815222
https://www.ncbi.nlm.nih.gov/pubmed/9815222
https://www.ncbi.nlm.nih.gov/pubmed/9815222
https://www.ncbi.nlm.nih.gov/pubmed/9815222
https://www.ncbi.nlm.nih.gov/pubmed/12023767
https://www.ncbi.nlm.nih.gov/pubmed/12023767
https://www.ncbi.nlm.nih.gov/pubmed/12023767
https://www.ncbi.nlm.nih.gov/pubmed/12023767
https://www.ncbi.nlm.nih.gov/pubmed/12023767
https://www.ncbi.nlm.nih.gov/pubmed/16643824
https://www.ncbi.nlm.nih.gov/pubmed/16643824
https://www.ncbi.nlm.nih.gov/pubmed/16643824
https://www.ncbi.nlm.nih.gov/pubmed/16643824
https://www.ncbi.nlm.nih.gov/pubmed/16643824
https://www.ncbi.nlm.nih.gov/pubmed/12529421
https://www.ncbi.nlm.nih.gov/pubmed/12529421
https://www.ncbi.nlm.nih.gov/pubmed/12529421
https://www.ncbi.nlm.nih.gov/pubmed/12529421
https://www.ncbi.nlm.nih.gov/pubmed/17306653
https://www.ncbi.nlm.nih.gov/pubmed/17306653
https://www.ncbi.nlm.nih.gov/pubmed/17306653
https://www.ncbi.nlm.nih.gov/pubmed/17306653
https://www.ncbi.nlm.nih.gov/pubmed/17243059
https://www.ncbi.nlm.nih.gov/pubmed/17243059
https://www.ncbi.nlm.nih.gov/pubmed/17243059
https://www.ncbi.nlm.nih.gov/pubmed/9654172
https://www.ncbi.nlm.nih.gov/pubmed/9654172
https://www.ncbi.nlm.nih.gov/pubmed/9654172
https://www.ncbi.nlm.nih.gov/pubmed/9654172
https://www.ncbi.nlm.nih.gov/pubmed/10915077
https://www.ncbi.nlm.nih.gov/pubmed/10915077
https://www.ncbi.nlm.nih.gov/pubmed/10915077
https://www.ncbi.nlm.nih.gov/pubmed/10915077
https://www.ncbi.nlm.nih.gov/labs/articles/12148539/
https://www.ncbi.nlm.nih.gov/labs/articles/12148539/
https://www.ncbi.nlm.nih.gov/labs/articles/12148539/
https://www.ncbi.nlm.nih.gov/labs/articles/12148539/
https://www.ncbi.nlm.nih.gov/pubmed/17338857
https://www.ncbi.nlm.nih.gov/pubmed/17338857
https://www.ncbi.nlm.nih.gov/pubmed/20201008
https://www.ncbi.nlm.nih.gov/pubmed/20201008
https://www.ncbi.nlm.nih.gov/pubmed/8796819
https://www.ncbi.nlm.nih.gov/pubmed/8796819
https://www.ncbi.nlm.nih.gov/pubmed/8796819
https://www.ncbi.nlm.nih.gov/pubmed/8796819
https://www.ncbi.nlm.nih.gov/pubmed/17132473
https://www.ncbi.nlm.nih.gov/pubmed/17132473
https://www.ncbi.nlm.nih.gov/pubmed/17132473
https://www.ncbi.nlm.nih.gov/pubmed/17132473
https://www.ncbi.nlm.nih.gov/pubmed/17132473
https://www.ncbi.nlm.nih.gov/pubmed/12529419
https://www.ncbi.nlm.nih.gov/pubmed/12529419
https://www.ncbi.nlm.nih.gov/pubmed/12529419
https://www.ncbi.nlm.nih.gov/pubmed/12529419
https://www.ncbi.nlm.nih.gov/pubmed/18647289
https://www.ncbi.nlm.nih.gov/pubmed/18647289
https://www.ncbi.nlm.nih.gov/pubmed/18647289
https://www.ncbi.nlm.nih.gov/pubmed/18647289
https://www.ncbi.nlm.nih.gov/pubmed/1706728/
https://www.ncbi.nlm.nih.gov/pubmed/1706728/
https://www.ncbi.nlm.nih.gov/pubmed/1706728/
https://www.ncbi.nlm.nih.gov/pubmed/17671256
https://www.ncbi.nlm.nih.gov/pubmed/17671256
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(09)61762-1/fulltext?_eventId=login
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(09)61762-1/fulltext?_eventId=login

Local Interleukin-1beta in Pregnant Women with Bacterial Vaginosis and Adverse

Pregnancy Outcomes

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Saigal S, Doyle LW (2008) An overview of mortality and sequelae of
preterm birth from infancy to adulthood. Lancet 371(9608): 261-
269.

Culhane JE Rauh V, McCollum KF, Elo IT, Hogan V (2002) Exposure to
chronic stress and ethnic differences in rates of bacterial vaginosis
among pregnant women. Am ] Obstet Gynecol 187(5): 1272-1276.

Koumans EH, Sternberg M, Bruce C, McQuillan G, Kendrick J, et al.
(2007) The prevalence of bacterial vaginosis in the United States,
2001-2004; associations with symptoms, sexual behaviors, and
reproductive health. Sex Transm Dis 34(11): 864-869.

Iams ]JD, Romero R, Culhane JF Goldenberg RL (2008) Primary,
secondary, and tertiary interventions to reduce the morbidity and
mortality of preterm birth. Lancet 371(9607): 164-175.

Ugwumadu A (2007) Role of antibiotic therapy for bacterial
vaginosis and intermediate flora in pregnancy. Best Pract Res Clin
Obstet Gynaecol 21(3): 391-402.

Goldenberg RL, lams ]JD, Mercer BM, Meis P], Moawad A, et al.
(2001) The Preterm Prediction Study: toward a multiple-marker
test for spontaneous preterm birth. Am J Obstet Gynecol 185(3):
643-651.

Tsourapas A, Roberts TE, Barton PM, Honest H, Forbes C, et al.
(2009) An economic evaluation of alternative test-intervention
strategies to prevent spontaneous pre-term birth in singleton
pregnancies. Acta Obstet Gynecol Scand 88(12): 1319-1330.

Gravett MG, Adams KM, Sadowsky DW, Grosvenor AR, Witkin SS,
et al. (2007) Immunomodulators plus antibiotics delay preterm
delivery after experimental intraamniotic infection in a nonhuman
primate model. Am ] Obstet Gynecol 197(5): 518.e1-518.e8.

Dinarello CA (2004) Therapeutic strategies to reduce IL-1 activity
in treating local and systemic inflammation. Curr Opin Pharmacol
4(4): 378-385.

Edwards DR, Romero R, Kusanovic JP, Hassan SS, Mazaki-Tovi S, et
al. (2010) Polymorphisms in maternal and fetal genes encoding for
proteins involved in extracellular matrix metabolism alter the risk
for small-for-gestational-age. ] Matern Fetal Neonatal Med 24(2):
362-380.

Waters TP, Denney JM, Mathew L, Goldenberg RL, Culhane JF (2008)

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Copyright:

©2016 Cauci et al. UALY

Longitudinal trajectory of bacterial vaginosis during pregnancy. Am
] Obstet Gynecol 199(4): 431.e1-431.e5.

Wei SQ, Fraser W, Luo ZC (2010) Inflammatory cytokines and
spontaneous preterm birth in asymptomatic women: a systematic
review. Obstet Gynecol 116(2 Pt 1): 393-401.

Menon R, Williams SM, Fortunato S] (2007) Amniotic fluid
interleukin-1beta and interleukin-8 concentrations: racial disparity
in preterm birth. Reprod Sci 14(3): 253-259.

Velez DR, Fortunato SJ, Morgan N, Edwards TL, Lombardi SJ, et al.
(2008) Patterns of cytokine profiles differ with pregnancy outcome
and ethnicity. Hum Reprod 23(8): 1902-1909.

MenonR, Fortunato SJ, Edwards DR, Williams SM (2010) Association
of genetic variants, ethnicity and preterm birth with amniotic fluid
cytokine concentrations. Ann Hum Genet 74(2): 165-183.

Ryckman KK, Williams SM, Krohn MA, Simhan HN (2008) Racial
differences in cervical cytokine concentrations between pregnant
women with and without bacterial vaginosis. ] Reprod Immunol
78(2): 166-171.

Cauci S, Di Santolo M, Casabellata G, Ryckman K, Williams SM,
et al. (2007) Association of interleukin-1beta and interleukin-1
receptor antagonist polymorphisms with bacterial vaginosis in
non-pregnant Italian women. Mol Hum Reprod 13(4): 243-250.

Menon R, Pearce B, Velez DR, Merialdi M, Williams SM, et al. (2009)
Racial disparity in pathophysiologic pathways of preterm birth
based on genetic variants. Reprod Biol Endocrinol 7: 62.

Culhane JF, Goldenberg RL (2011) Racial disparities in preterm
birth. Semin Perinatol 35(4): 234-239.

Genc MR, Witkin SS, Delaney ML, Paraskevas LR, Tuomala RE. et al.
(2004) A disproportionate increase in IL-1beta over IL-1ra in the
cervicovaginal secretions of pregnant women with altered vaginal
microflora correlates with preterm birth. Am ] Obstet Gynecol
190(5): 1191-1197.

Mercer BM, Crouse DT, Goldenberg RL, Miodovnik M, Mapp DC,
et al. (2012) The antibiotic treatment of PPROM study: systemic
maternal and fetal markers and perinatal outcomes. Am ] Obstet
Gynecol 206(2): 145.e1-145.€9.

Citation: Cauci S, Culhane JF (2016) Local Interleukin-1beta in Pregnant Women with Bacterial Vaginosis and Adverse Pregnancy Outcomes. Obstet
Gynecol Int] 5(4): 00169. DOI: 10.15406/0gij.2016.05.00169


http://dx.doi.org/10.15406/ogij.2016.05.00169
https://www.ncbi.nlm.nih.gov/pubmed/18207020
https://www.ncbi.nlm.nih.gov/pubmed/18207020
https://www.ncbi.nlm.nih.gov/pubmed/18207020
https://www.ncbi.nlm.nih.gov/pubmed/12439519
https://www.ncbi.nlm.nih.gov/pubmed/12439519
https://www.ncbi.nlm.nih.gov/pubmed/12439519
https://www.ncbi.nlm.nih.gov/pubmed/17621244
https://www.ncbi.nlm.nih.gov/pubmed/17621244
https://www.ncbi.nlm.nih.gov/pubmed/17621244
https://www.ncbi.nlm.nih.gov/pubmed/17621244
https://www.ncbi.nlm.nih.gov/pubmed/18191687
https://www.ncbi.nlm.nih.gov/pubmed/18191687
https://www.ncbi.nlm.nih.gov/pubmed/18191687
https://www.ncbi.nlm.nih.gov/pubmed/17512255
https://www.ncbi.nlm.nih.gov/pubmed/17512255
https://www.ncbi.nlm.nih.gov/pubmed/17512255
https://www.ncbi.nlm.nih.gov/pubmed/11568793
https://www.ncbi.nlm.nih.gov/pubmed/11568793
https://www.ncbi.nlm.nih.gov/pubmed/11568793
https://www.ncbi.nlm.nih.gov/pubmed/11568793
https://www.ncbi.nlm.nih.gov/pubmed/19943821
https://www.ncbi.nlm.nih.gov/pubmed/19943821
https://www.ncbi.nlm.nih.gov/pubmed/19943821
https://www.ncbi.nlm.nih.gov/pubmed/19943821
https://www.ncbi.nlm.nih.gov/pubmed/17980193
https://www.ncbi.nlm.nih.gov/pubmed/17980193
https://www.ncbi.nlm.nih.gov/pubmed/17980193
https://www.ncbi.nlm.nih.gov/pubmed/17980193
https://www.ncbi.nlm.nih.gov/pubmed/15251132
https://www.ncbi.nlm.nih.gov/pubmed/15251132
https://www.ncbi.nlm.nih.gov/pubmed/15251132
https://www.ncbi.nlm.nih.gov/pubmed/20617897
https://www.ncbi.nlm.nih.gov/pubmed/20617897
https://www.ncbi.nlm.nih.gov/pubmed/20617897
https://www.ncbi.nlm.nih.gov/pubmed/20617897
https://www.ncbi.nlm.nih.gov/pubmed/20617897
https://www.ncbi.nlm.nih.gov/pubmed/18928996
https://www.ncbi.nlm.nih.gov/pubmed/18928996
https://www.ncbi.nlm.nih.gov/pubmed/18928996
https://www.ncbi.nlm.nih.gov/pubmed/20664401
https://www.ncbi.nlm.nih.gov/pubmed/20664401
https://www.ncbi.nlm.nih.gov/pubmed/20664401
https://www.ncbi.nlm.nih.gov/pubmed/17636239
https://www.ncbi.nlm.nih.gov/pubmed/17636239
https://www.ncbi.nlm.nih.gov/pubmed/17636239
https://www.ncbi.nlm.nih.gov/pubmed/18487217
https://www.ncbi.nlm.nih.gov/pubmed/18487217
https://www.ncbi.nlm.nih.gov/pubmed/18487217
https://www.ncbi.nlm.nih.gov/pubmed/20369436
https://www.ncbi.nlm.nih.gov/pubmed/20369436
https://www.ncbi.nlm.nih.gov/pubmed/20369436
https://www.ncbi.nlm.nih.gov/pubmed/18336917
https://www.ncbi.nlm.nih.gov/pubmed/18336917
https://www.ncbi.nlm.nih.gov/pubmed/18336917
https://www.ncbi.nlm.nih.gov/pubmed/18336917
https://www.ncbi.nlm.nih.gov/pubmed/17314118
https://www.ncbi.nlm.nih.gov/pubmed/17314118
https://www.ncbi.nlm.nih.gov/pubmed/17314118
https://www.ncbi.nlm.nih.gov/pubmed/17314118
https://www.ncbi.nlm.nih.gov/pubmed/19527514
https://www.ncbi.nlm.nih.gov/pubmed/19527514
https://www.ncbi.nlm.nih.gov/pubmed/19527514
https://www.ncbi.nlm.nih.gov/pubmed/21798403
https://www.ncbi.nlm.nih.gov/pubmed/21798403
https://www.ncbi.nlm.nih.gov/pubmed/15167817
https://www.ncbi.nlm.nih.gov/pubmed/15167817
https://www.ncbi.nlm.nih.gov/pubmed/15167817
https://www.ncbi.nlm.nih.gov/pubmed/15167817
https://www.ncbi.nlm.nih.gov/pubmed/15167817
https://www.ncbi.nlm.nih.gov/pubmed/22000668
https://www.ncbi.nlm.nih.gov/pubmed/22000668
https://www.ncbi.nlm.nih.gov/pubmed/22000668
https://www.ncbi.nlm.nih.gov/pubmed/22000668

	Title
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Study design 
	Collection of medical data and specimens 
	Definitions of outcome 
	Statistical analysis 

	Results
	Discussion
	Clinical Implications 
	References
	Table 1
	Table 2
	Table 3
	Table 4

