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Abstract

Introduction: Amniotic fluid (AF) interleukin-6 (IL-6) concen-
tration has been associated to preterm delivery and perina-
tal morbidity and mortality in women with preterm labor
and intact membranes. Nevertheless, the clinical signifi-
cance of this biomarker of intra-amniotic inflammation (IAl)
is still unclear due in part to the paucity of large studies.
Methods: AF IL-6 concentrations were determined in 452
consecutive women with preterm labor and intact mem-
branes, categorized into 3 groups: 302 without IAI (IL-6 of
<2.6 ng/mL), 64 with mild Al (IL-6 of 2.6-11.2 ng/mL), and 86
with severe IAl (IL-6 of >11.3 ng/mL). Results: The severe IAl
group had a short pregnancy duration from amniocentesis
to delivery (median 3 days) than in without IAl group (me-
dian 45 days); meanwhile, the mild IAl group had a latency
that was intermediate to the severe and without IAl groups

(median 9.5 days). As compared to women without IAl, wom-
en with mild and severe IAl had higher rates of preterm de-
livery at both <34 and <37 weeks of gestation and perinatal
morbidity and mortality. Furthermore, the risk of various in-
dividual adverse outcomes (short latency from amniocente-
sis to delivery [at <3 days, <7 days, and <14 days], preterm
delivery at both <34 and <37 weeks of gestation, histologic
chorioamnionitis, respiratory distress syndrome, and con-
genital sepsis) was higher in women with severe 1Al (OR >
2.8), compared with women without IAl. Conclusions: AF
IL-6 concentrations appear to be suitable marker to assess
the degree of IAl and are associated with increased risk of
adverse outcomes. © 2021 S. Karger AG, Basel

Introduction

Preterm delivery affects 9.63% of all pregnancies in the
USA, with a similar prevalence (9.14%) among Hispanic
pregnancies [1]. Preterm labor with intact membranes
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account for about one-third of preterm births, leading to
significant perinatal mortality and morbidity, which are
closely associated to the degree of prematurity and intra-
uterine infection [2-4]. Although microbial invasion of
the amniotic cavity in patients with preterm labor and
intact membranes is a main risk for the progression of
labor to preterm delivery, however, in women with pre-
term labor with intact membranes, the rate of positive
amniotic fluid (AF) cultures ranges from 9.2 to 18% [4-
7]. This may partly be due to the limitations of standard
culturing methods employed in hospital laboratories,
which are unable to detect the uncultivated species, even
by using PCR amplification; the rate to detect bacteria in
AF ranges from 8.5 to 55% [4, 7, 8].

On the other hand, between 30.6 and 36.1% of women
in preterm labor and intact membranes have demonstra-
ble intra-amniotic inflammation (IAI), defined as elevat-
ed proinflammatory cytokine levels in AF such as inter-
leukin-6 (IL-6) [4, 9], even with a negative AF culture
(21.4-27.2%) (4,9); likewise, to intra-amniotic infection,
IAI is strongly associated with short latency and high
rates of perinatal morbidity and mortality [4-6, 9] and
may also contribute to the pathogenesis of adverse short-
and long-term neonatal pulmonary and neurologic se-
quelae [3, 10, 11].

Since in our hospital, the rate of positive AF cultures is
practically nil, a more accurate prediction of preterm de-
livery is clinically important for improving pregnancy
management and for counseling women with preterm la-
bor. On the other hand, our renewed interest of the test
that detects the presence of IAI comes from a recent study
showing that in patients with preterm labor and intact
membranes with intra-amniotic infection or IAI (mostly
with an AF culture negative for microorganisms), the
eradication of IAT or intra-amniotic infection after treat-
ment with antibiotics was confirmed in 79% of patients
[12]. The aims of this study were to compare the out-
comes of preterm labor in women with and without TAI
and to examine whether the outcomes are related to the
severity of inflammation according to IL-6 levels in AF.

Material and Methods

We carried out a prospective-observational cohort study. All
women were consecutive patients admitted to our tertiary care lev-
el hospital (Hospital de Ginecologia y Obstetricia “Luis Castelazo
Ayala,” IMSS. México City) between January 2016 and July 2019
with the diagnosis of spontaneous preterm labor and intact mem-
branes (<36 weeks of gestation) and who underwent amniocente-
sis. The exclusion criteria were uterine anomalies, multifetal preg-
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nancy, preterm premature rupture of membranes, prior or subse-
quent cerclage, major fetal anomaly, fetal aneuploidy, or a medical
indication for preterm birth. Preterm labor was defined as regular
uterine contractions, and cervical change (softening, effacement,
cervical length by transvaginal sonography <30 mm, or dilatation)
that required hospitalization. Gestational age was determined
based on the last menstrual period and the first trimester obstetri-
cal ultrasound evaluation, when available.

AF was obtained by transabdominal amniocentesis under so-
nographic guidance and aseptic conditions. The AF was immedi-
ately sent to local hospital laboratory for culture, assessment of
glucose concentration and white blood cell count. Ten mL of AF
was centrifuged at 3,000 rpm and 4°C for 15 min, aliquoted, and
stored at —80°C until assayed.

Clinical chorioamnionitis was defined as antenatal maternal
fever (=37.8°C) plus 2 or more of the following criteria: maternal
leukocytosis (>15,000 cells/mm?), uterine tenderness, malodorous
vaginal discharge, or fetal tachycardia (>160 beats/min) [13]. His-
tologic chorioamnionitis was defined in the presence of acute in-
flammatory changes on examination of a membrane roll and cho-
rionic plate of the placenta [14]. The adverse neonatal outcomes
studied included preterm delivery, the death (stillbirths [defined
as death of a fetus] and neonatal death [defined as death a newborn
until hospital discharge]), neonatal sepsis, and respiratory distress
syndrome.

Management of preterm labor, the decision to use antibiotics,
and other clinical decisions were left to the discretion of the attend-
ing obstetrician. Clinicians had access to local hospital laboratory
results but were blinded to the AF IL-6 results. The IL-6 concentra-
tions in the stored AF were measured in duplicate using a quanti-
tative sandwich enzyme immunoassay (Quantikine ELISA
#D6050; R&D Systems, Minneapolis, MN, USA) following the
manufacturer’s instructions. The intra- and inter-assay coeffi-
cients of variations were 5.7 and 6.2%, respectively.

Patients were classified into 3 groups according to the results
of AF concentrations of IL-6, using the cutoff points that have been
determined by previous studies [4, 5, 9]: (1) no IAI, IL-6 concen-
tration of <2.6 ng/mL; (2) mild IAI, IL-6 concentration of 2.6 to
<11.3 ng/mL; and (3) severe IAI, IL-6 concentration of >11.3 ng/
mL.

Statistical Analysis

Differences between categorical variables were determined by
the x* test with Yates’ continuity correction or the Fisher’s exact
test for small samples (or the Mantel-Haenszel x? test with linear
tendency for variables with more than 2 categories). Differences
among >3 continuous variables were determined by one-way
ANOVA followed by post hoc procedures (Schefte’s test) or by the
Kruskal-Wallis one-way test followed by the Mann-Whitney U test
for nonnormally distributed variables. Time to delivery according
to IAT assessed by AF IL-6 concentrations was evaluated using Ka-
plan-Meier curves and Cox proportional hazard models. Logistic
regression analysis was used to adjust the odds ratios for gesta-
tional age at delivery, cervical dilatation >2 cm, cervical length,
presence of sludge, and AF glucose levels since these variables were
significantly different among the groups studied by univariate
analysis. Moreover, inclusion of these variables in the models were
necessary considering that these variables may distinctly affect the
latency and the adverse outcomes. A two-tailed p < 0.05 was con-
sidered statistically significant.
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Results

General Description of the Population Studied

A total of 452 consecutive women with the diagnosis
of preterm labor and intact membranes were included in
the study. There were no complications attributed to am-
niocentesis. IAI was found in 150 women (33.2%), which
included 64 cases with mild IAI and 86 cases with severe
IAIL Both mild and severe IAI were more frequent at ear-
lier gestational ages (Fig. 1), mainly at <24 weeks (p <
0.02, compared with the rest of the groups by gestational
age at amniocentesis). The clinical characteristics of the
patients are shown in Table 1. There were no significant
differences among study groups in terms of maternal age,
BMI, gravidity, nulliparity, prior miscarriage, history of
preterm birth, use of tocolytics, antenatal corticosteroids
administration, or use of antibiotics. Women with TAI
(both mild and severe) were more likely to have lower
cervical length measurements and had a greater propor-
tion of cervical dilation >2 cm compared with women
without IAIL. Compared with no IAI and mild IAIl women,
patients with severe IAI had lower gestational age at am-
niocentesis, a greater proportion of sludge, as well as low-
er AF glucose levels. As expected, the frequency of posi-
tive AF culture was practically nil (0.7% [3/452]), includ-
ing one isolate each of Acinetobacter spp, Enterococcus
spp, and Candida albicans.

Relationship between IAI and Pregnancy Duration

from Amniocentesis to Delivery

Table 2 shows the interval from amniocentesis to de-
livery. The severe IAI group had significantly shorter la-
tency (median 3 days) than that of the groups with mild
IAI and no IAI (median 9.5 and 45 days, respectively). In
addition, the latency was significantly shorter in mild IAI
group than in no IAI group. Kaplan-Meier curves depict-
ing the probability of remaining undelivered for women
stratified by severity of IAI are shown in Figure 2. Both
mild and severe IAI were associated with shorter time to
delivery, as compared to those with no IAI (p < 0.001).
Cox proportional hazard models after adjustment for ges-
tational age at amniocentesis, cervical dilation >2 cm, cer-
vical length, sludge, and AF glucose levels showed that
mild and severe IAI were associated with increased risk
of early delivery (HR: 2.4, 95% CI 1.8-3.2 and HR: 31.8,
95% CI 21.2-47.7, respectively) compared to no IAIL

Relationship between IAI with Adverse Outcomes
Comparison of pregnancy and perinatal outcomes of
studied patients is shown in Table 2. Compared with no
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Fig. 1. Frequency of IAI (according to AF IL-6 concentrations) as
a function of gestational age at amniocentesis. Both mild and se-
vere intra-amniotic inflammation were more prevalent at <24
weeks of gestational age, compared with the rest of the groups by
gestational age (p < 0.02). AF, amniotic fluid; TA], intra-amniotic
inflammation.

IAI women, patients with mild and severe IAI had low-
er gestational age at delivery, delivered infants with
lower birth weights and lower Apgar scores, and had a
greater proportion of preterm delivery (both at <34 and
<37 weeks of gestation), respiratory distress syndrome,
congenital sepsis, and perinatal deaths. In addition, all
these adverse outcomes were more pronounced in
women with severe IAI than in those with mild IAIL
Women with severe IAI had the highest proportion of
histologic chorioamnionitis, whereas the proportions
of histologic chorioamnionitis were not significantly
different between women with mild IAI and no IAIL
Clinical chorioamnionitis were uncommon in all 3
groups.

Logistical regression analyses were used to determine
the association between severity of IAI and risk of ad-
verse outcomes (Table 3). The risk of shorter latency (at
<3, <7, and <14 days) and of preterm delivery (both at
<34 and <37 weeks of gestation) was progressively high-
er as severity of IAI increased, suggesting that the rela-
tionship between severity of IAI and risk of these out-
comes has a linear dose-response pattern. Women with
severe IAI only exhibited higher risk for histologic cho-
rioamnionitis, respiratory distress syndrome, and con-
genital sepsis. With regard to the risk of perinatal deaths,
there were no significant differences according to sever-
ity of IAL
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Table 1. Clinical characteristics of patients with preterm labor and intact membranes according to IAl assessed by AF IL-6 concentrations

Variable No inflammation ~ Mild inflammation  Severe inflammation  p value
(n=302) (n=64) (n=86)

Maternal age, mean + SD, years 29.2+6.2 29.1+5.8 29.8+5.6

BMI, mean + SD 28.1+4.5 28.3+£5.8 28.8+4.1

Gravity, median (IQR) 2 (1-3) 2 (1-3) 2 (1-3)

Primigravid, n (%) 122 (40.4) 20 (31.3) 24 (27.9)

Miscarriage, median (IQR) 0(0-1) 0(0-1) 0(0-1)

Prior preterm birth, n (%) 56 (18.5) 16 (25.0) 16 (18.6)

Cervical length, mean + SD, mm 13.0+6.2 10.0+6.4* 9.7+7.5* <0.001

Cervical dilation >2 cm, (%) 26 (8.6) 12 (18.8)* 22 (25.6)* <0.001

Sludge, 7 (%) 28 (9.3) 4(6.3) 30 (34.9)%t <0.001

Gestational age at amniocentesis, mean + SD, weeks 29.6+2.5 29.4+3.1 27.743.6%7 <0.001

Culture positive, 1 (%) 1(0.3) 1(1.6) 1(1.2)

Glucose, mean + SD, mg/dL 39.2+15.9 32.7+12.2* 19.9+13.6%" <0.001

AF IL-6, median (IQR), ng/mL 0.6 (0.3-1.0) 4.2 (3.1-6.0)* 38.7 (17.0-79.7)%t <0.001

Use of tocolytics, n (%) 268 (88.7) 54 (84.4) 80 (93.0)

Antenatal corticosteroid administration, n (%) 277 (91.7) 56 (87.5) 81(94.2)

Use of antibiotics, 1 (%) 17 (5.6) 5(7.8) 10 (11.6)

IQR, interquartile range; AF, amniotic fluid; IL-6, interleukin-6; IAI, intra-amniotic inflammation. * p value is given only for sig-
nificant differences; versus no inflammation. ' p value is given only for significant differences; versus mild inflammation, after applica-

tion of appropriate statistical tests.

Table 2. Pregnancy and perinatal outcomes of patients with preterm labor and intact membranes according to IAI assessed by AF IL-6

concentrations
Variable No inflammation ~ Mild inflammation  Severe inflammation ~ p value
(n=302) (n=64) (n=86)
Gestational age at delivery, mean + SD, weeks 36.6+2.4 32.3+4.6* 28.3+3.7% 1 <0.001
Cesarean delivery, n (%) 128 (42.4) 30 (46.9) 50 (58.1)* 0.01
Latency, median (IQR), days 45.0 (31.0-64.0) 9.5 (7.0-23.5)* 3.0 (1.0-5.0)*%1 <0.001
Latency <3 days, 1 (%) 0 (0.0) 12 (18.8)* 54 (62.8)* T <0.001
Latency <7 days, 1 (%) 2(0.7) 22 (34.4)* 74 (86.0)* T <0.001
Latency <14 days, 1 (%) 2(0.7) 46 (71.9)* 86 (100)* * <0.001
Delivery at <34 weak, 7 (%) 30 (9.9) 40 (62.5)* 80 (93.0)* T <0.001
Delivery at <37 weak, 1 (%) 126 (41.7) 50 (78.1)* 86 (100)* * <0.001
Histologic chorioamnionitis 2(0.7) 2 (3.1) 58 (67.4)*% T <0.001
Infant’s birth weight, mean + SD, g 2,582+590 1,915+966* 1,147+534% 1 <0.001
1-min Apgar score, median (IQR) 8(7-8) 8 (6-8)* 6 (3-7)% "1 <0.001
5-min Apgar score, median (IQR) 9(9-9) 8 (8-9)* 8 (6-8)* T <0.001
Respiratory distress syndrome, 1 (%) 56 (18.5) 34 (53.1)* 72 (83.7)%1 <0.001
Congenital sepsis, 1 (%) 4(1.3) 8 (12.5)* 56 (65.1)* T <0.001
Small for gestational age infant, n (%) 26 (8.6) 0(0.0) 4(4.7)
Perinatal death, n (%) 0 (0.0) 8 (12.5)* 42 (48.8)* 1 <0.001

IQR, interquartile range; AF, amniotic fluid; IL-6, interleukin-6; IAL, intra-amniotic inflammation. * p value is given only for sig-
nificant differences; versus no inflammation. ™ p value is given only for significant differences; versus mild inflammation, after applica-
tion of appropriate statistical tests.
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Discussion

In the present study, involving a large number of wom-
en in preterm labor with intact membranes, we found that
a third of these women had an intra-amniotic inflamma-
tory response as evidenced by elevation of IL-6, mainly at
early gestational ages, as previously demonstrated in oth-
er studies [4, 9, 15]. Furthermore, we are able to find that
both mild and severe IAI assessed by high AF IL-6 con-
centrations are associated with short latency and the sub-
sequent development of high rates of perinatal morbidity
and mortality. Moreover, severe IAI, which is defined by
an AF IL-6 concentration >11.3 ng/mL, was associated
with short latencies and high rates of perinatal morbidity
and mortality compare to those with mild IAI [4].

Although previous studies have demonstrated that an
AF IL-6 concentration >11.3 ng/mL had a sensitivity of 87-
100% and specificity of 83-92% for the detection of micro-
bial invasion of amniotic cavity [4, 5, 16], however, a nega-
tive culture does not exclude intra-amniotic infection be-
cause many bacteria are resistant to culture with standard
microbiologic techniques used in our clinical laboratory [8,
17]. In addition, our hospital does not have implemented
techniques for the laboratory culture of Mycoplasma hom-
inis or Ureaplasma urealyticum, which are well-known hu-
man pathogens responsible for intra-amniotic infection in
preterm birth. The abovementioned can explain the rate nil
of positive cultures in our study. Of interest is the finding
that all women with an IL-6 > 11.3 ng/mL delivered prema-

IL-6 in Amniotic Fluid as Marker of
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turely and had a high rate of histologic chorioamnionitis.
Therefore, independent to the culture result, a high AF IL-6
concentration identified a subset of women at risk of im-
peding preterm delivery. We thus have confirmed and ex-
tended previous observations as to the relationship be-
tween the degree of IAI with clinical outcomes of women
in preterm labor with intact membranes, independently of
a demonstrable intra-amniotic infection [4, 5, 16].

On the other hand, it has been suggested that mild IAI
probably represents an early stage in a process that pro-
gresses to severe IAl over a period of days to weeks [4]. In
this vein, in a nonhuman primate model of preterm labor
induced by intra-amniotic infection, it has been demon-
strated that the levels of cytokines, including IL-6, rise
progressively over time after bacterial inoculation and
correlate with the onset of uterine activity, and also of in-
terest was the finding that clinical signs of infection oc-
curred after the onset of uterine contractions [18]. In line
with this idea, in women with mild IAI we found that AF
IL-6 concentrations showed a significant negative corre-
lation with pregnancy duration from amniocentesis to
delivery (r;=—-0.65, p < 0.001). However, our data do not
support the possibility that IL-6 rise progressively over
time because we did not perform serial amniocentesis,
and further research is required to address this question.

Previous studies have demonstrated that women in pre-
term labor with intact membranes and high AF IL-6 con-
centrations are at higher risk for developing adverse out-
comes independently of the presence of microbes [4, 5, 9,
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Table 3. Risk of adverse pregnancy outcomes according to IAI assessed by AF IL-6 concentrations in patients with preterm labor and

intact membranes

Adverse outcome No inflammation (n = 302),

events OR, 7 (95% CI)

Mild inflammation (n = 64),
events OR, 7 (95% CI)

Severe inflammation (n = 86),
events OR, n (95% CI)

single variable single variable single variable
multivariable multivariable multivariable
Latency <3 days 0 12 54
Reference* 49.83 (24.21-102.52)
45.93 (21.24-99.92)
Latency <7 days 2 22 74
Reference 78.63 (17.82-346.24) 925.03 (202.61-4,222.71)
78.54 (17.82-346.11) 920.42 (199.11-4,258.12)
Latency <14 days 2 46 86
Reference 383.33 (86.12-1,706.83) 20,791.61 (988.91-337,231.2)
257.04 (72.61-907.73) 18,501.11 (981.4- 420,185.3)
Delivery at <34 weeks 30 40 80
Reference 15.12 (8.03-28.41) 120.91 (48.63-300.74)
24.84 (11.61-53.42) 190.62 (65.71-553.42)
Delivery at <37 weeks 126 50 86
Reference 5.04 (2.61-9.42) 241.40 (14.81-3,926.82)
5.11 (2.71-9.72) 52.10 (12.51- 216.42)
Histologic chorioamnionitis 2 2 58
Reference 4.80 (0.71-35.04) 310.72 (72.3-1,340.40)

4.64 (0.61-33.53)

266.70 (61.52- 1,156.97)

Respiratory distress syndrome 56

34

72

Reference 5.06 (2.81-8.85) 22.66 (11.91-42.93)
1.63 (0.87-3.28) 2.82 (1.33- 6.47)
Congenital sepsis 4 8 56
Reference 10.65 (3.11-36.54) 139.17 (47.11-410.28)
3.21 (0.88-12.97) 26.62 (7.53- 94.59)
Perinatal death 0 8 42
Reference* 42.77 (18.89-96.87)

8.46 (0.95-80.22)

ORs were adjusted for gestational age at delivery, cervical dilation >2 cm, cervical length, presence of sludge, and amniotic fluid glu-
cose levels. The reference® OR is the frequency of adverse outcomes in no intra-amniotic inflammation and mild intra-amniotic inflam-
mation combined. Non-bold indicates the significance for univariate analysis (single variable). Bold indicates the significance for mul-
tivariate analysis. OR, odds ratio; CI, confidence interval; AF, amniotic fluid; IL-6, interleukin-6; IAI, intra-amniotic inflammation.

19]. We also assessed the association between the degree of
IAI serum and the individual risks of adverse pregnancy
outcomes. Women with severe IAI showed an increased
risk of all specific adverse outcomes studied. Furthermore,
the risk of various individual adverse outcomes, including
short latency from amniocentesis to delivery (at <3, <7,
and <14 days), preterm delivery at both <34 and <37 weeks
of gestation, histologic chorioamnionitis, respiratory dis-
tress syndrome, and congenital sepsis, was progressively
higher as the degree of IAl increased, even after taking into
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account gestational age at delivery, cervical dilatation >2
cm, cervical length, presence of sludge, and AF glucose lev-
els. We thus have confirmed and extended previous obser-
vations [4] as to the association between the degree of IAI
at the time of initial evaluation and subsequent adverse
outcomes in women in preterm labor with intact mem-
branes. However, and in contrast to the data presented
herein, in that study were unable to find an increased risk
for the development of combined or any individual ad-
verse outcomes in women with mild or severe IAI This
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discrepancy may stem from differences in the population
studied and/or the limited sample size of alternative ad-
verse outcomes studied, leading to a low power of study
results. Although on univariate analysis, we found that
mild and severe TAI were associated with the risk of peri-
natal deaths. When adjusting for gestational age at delivery
on logistic regression analysis, there were no significant
differences, suggesting that the degree of prematurity is the
major determinant of neonatal mortality.

The identification of women in preterm labor and in-
tact membranes with TAI (assessed by AF IL-6 concentra-
tions) and who are at increased risk for early preterm de-
livery and adverse outcomes would have substantial clini-
cal implications. In this regard, it has been recently shown
that the administration of antibiotics to women with pre-
term labor and intact membranes can eradicate intra-am-
niotic infection or IAI in a subset of these women [12].

The strengths of our study include a well-defined,
large population of women in preterm labor and intact
membranes who had received the same standardized
medical protocol, and the fact that all caregivers were
blinded to IL-6 results, which evidently avoided a selec-
tion bias. To rule out the effects of potential confounders,
the estimated odds ratios were adjusted for other vari-
ables significant in univariate analysis. On the other hand,
we are aware of the presence of certain limitations, in-
cluding the high frequency of negative cultures, preclud-
ing the analysis of other outcomes, such as intra-amniot-
ic infection; however, the frequency of adverse outcomes
is in line with a previous multicenter study which dem-
onstrated that adverse outcomes are related more closely
to IAI than to the presence of microbes [4].

Conclusion
Our results demonstrate that IAI complicates one-

third of women with preterm labor and intact mem-
branes, especially at early gestational ages. The degree of
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