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Abstract

Objectives: Clinical chorioamnionitis at term is consid-
ered the most common infection-related diagnosis in labor
and delivery units worldwide. The syndrome affects 5–12%
of all term pregnancies and is a leading cause of maternal
morbidity and mortality as well as neonatal death and
sepsis. The objectives of this studywere to determine the (1)
amniotic fluid microbiology using cultivation and molec-
ular microbiologic techniques; (2) diagnostic accuracy of
the clinical criteria used to identify patients with intra-
amniotic infection; (3) relationship between acute

inflammatory lesions of the placenta (maternal and fetal
inflammatory responses) and amniotic fluid microbiology
and inflammatory markers; and (4) frequency of neonatal
bacteremia.
Methods: This retrospective cross-sectional study
included 43 women with the diagnosis of clinical cho-
rioamnionitis at term. The presence of microorganisms in
the amniotic cavity was determined through the analysis of
amniotic fluid samples by cultivation for aerobes, anaer-
obes, and genitalmycoplasmas. Abroad-range polymerase
chain reaction coupled with electrospray ionization mass
spectrometry was also used to detect bacteria, select
viruses, and fungi. Intra-amniotic inflammation was
defined as an elevated amniotic fluid interleukin-6 (IL-6)
concentration ≥2.6 ng/mL.
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Results: (1) Intra-amniotic infection (defined as the com-
bination of microorganisms detected in amniotic fluid and
an elevated IL-6 concentration) was present in 63% (27/43)
of cases; (2) themost commonmicroorganisms found in the
amniotic fluid samples were Ureaplasma species, followed
by Gardnerella vaginalis; (3) sterile intra-amniotic inflam-
mation (elevated IL-6 in amniotic fluid but without
detectable microorganisms) was present in 5% (2/43) of
cases; (4) 26% of patients with the diagnosis of clinical
chorioamnionitis had no evidence of intra-amniotic infec-
tion or intra-amniotic inflammation; (5) intra-amniotic
infection was more common when the membranes were
ruptured than when they were intact (78% [21/27] vs. 38%
[6/16]; p=0.01); (6) the traditional criteria for the diagnosis
of clinical chorioamnionitis had poor diagnostic perfor-
mance in identifying proven intra-amniotic infection
(overall accuracy, 40–58%); (7) neonatal bacteremia
was diagnosed in 4.9% (2/41) of cases; and (8) a fetal

inflammatory response defined as the presence of severe
acute funisitis was observed in 33% (9/27) of cases.
Conclusions: Clinical chorioamnionitis at term, a syn-
drome that can result from intra-amniotic infection, was
diagnosed in approximately 63% of cases and sterile
intra-amniotic inflammation in 5% of cases. However, a
substantial number of patients had no evidence of
intra-amniotic infection or intra-amniotic inflammation.
Evidence of the fetal inflammatory response syndromewas
frequently present, but microorganisms were detected in
only 4.9% of cases based on cultures of aerobic and
anaerobic bacteria in neonatal blood.

Keywords: amniotic fluid; funisitis; histologic cho-
rioamnionitis; intra-amniotic infection; intra-amniotic
inflammation; intrapartum fever; microbial invasion of the
amniotic cavity (MIAC); PCR/ESI-MS; neonatal bacteremia;
sterile intra-amniotic inflammation.
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Introduction

Clinical chorioamnionitis, the most common infection-
related diagnosis in labor and delivery units [1–4], affects
5–12%of termgestationsworldwide [2, 5]. This syndrome is
associated with severe maternal morbidity (e.g., an
increased risk of cesarean delivery due to failure to prog-
ress in labor [6–13], uterine atony [2, 7, 13], septic throm-
bophlebitis [2, 14], endometritis [14–16], wound infection
[2, 14, 17]), admission to the intensive care unit [18],
neonatal morbidity (e.g., sepsis and meconium aspiration
syndrome) [2, 5, 18–22], and mortality [4] as well as long-
term sequelae such as neurologic injury [23] and cerebral
palsy [15, 24].

Clinical chorioamnionitis is thought to be caused by
ascending microbial invasion of the amniotic cavity (MIAC)
[25], which elicits a maternal inflammatory response char-
acterized by clinical signs that may include fever, maternal
tachycardia, uterine tenderness, malodorous discharge, and
maternal leukocytosis [9, 26–30]. Fetal tachycardia is often
present and may reflect an increase inmaternal temperature
and/or a fetal inflammatory response [31–34].

In 2015, we reported that clinical chorioamnionitis is
not a single entity but rather a syndrome associatedwith (1)
proven intra-amniotic infection [35], (2) sterile intra-
amniotic inflammation [35], or (3) maternal signs of sys-
temic inflammation without intra-amniotic inflammation
[35]. The most common microorganisms detected in the
amniotic fluid of patients with clinical chorioamnionitis at
term were Ureaplasma species and Gardnerella vaginalis
[35]. The microbiology of intra-amniotic infection remains
important given that the antibiotics routinely administered
to mothers or neonates are not effective against genital
mycoplasmas (e.g., Ureaplasma spp. and Mycoplasma
hominis).

The clinical criteria traditionally used to diagnose clin-
ical chorioamnionitis and to identify patients with intra-
amniotic infection are of limited value [36]. Further in-
vestigations revealed more features of the syndrome by
describing the maternal [37], intra-amniotic [38–40], and
fetal inflammatory responses [41] as well as the lipidomic
characteristics of this condition [42].

Given the importance of the new findings reported, we
became interested in determining whether these findings
could be replicated in an independent study. Therefore, the
objectives of the study herein were to determine (1) the
microbiology of amniotic fluid by using cultivation and
molecular microbiologic techniques; (2) the diagnostic
accuracy of the clinical criteria used to identify patients
with intra-amniotic infection; (3) a relationship between

acute inflammatory lesions of the placenta (i.e., maternal
and fetal inflammatory responses) and amniotic fluid
microbiology and inflammatory markers; and (4) the fre-
quency of neonatal bacteremia.

Materials and methods

Study population

This retrospective cohort study was conducted by searching the clin-
ical database and bank of biological samples of Wayne State Univer-
sity, the Detroit Medical Center, and the Perinatology Research
Branch. Patients diagnosed with clinical chorioamnionitis at term at
Hutzel Women’s Hospital were included in the study if they met the
following criteria: (1) singleton gestation, (2) delivery ≥37 weeks of
gestation, (3) absence of known fetal chromosomal or structural
anomalies, and (4) a transabdominal amniocentesis to assess the
microbial state of the amniotic cavity.

A transabdominal amniocentesis was offered to patients with the
diagnosis of clinical chorioamnionitis at the discretion of the
attending physician to identify the microbial status of the amniotic
cavity. Women who agreed to undergo this procedure were asked to
donate additional amniotic fluid and to allow collection of clinical
information for research purposes. All patients provided written
informed consent prior to the procedure and the collection of samples.
The use of biological specimens aswell as clinical and ultrasound data
for research purposes was approved by the Human Investigation
Committee of Wayne State University.

Clinical definitions

Gestational age was determined by menstrual age and fetal biometry
[43]. Clinical chorioamnionitiswas diagnosed based on the presence of
an elevation in maternal temperature (≥37.8 °C) associated with two
or more of the following criteria: (1) maternal tachycardia (heart
rate >100 beats/min); (2) fetal tachycardia (heart rate >160 beats/min);
(3) uterine tenderness; (4) malodorous vaginal discharge; and (5)
maternal leukocytosis (leukocyte count >15,000 cells/mm3) [7, 44]. The
criteria for an elevation in maternal temperature were the same as
those proposed by Gibbs et al. [9, 26] and subsequently employed by
other investigators studying intra-amniotic infection [1, 45–47].
Neonatal bacteremia was diagnosed in the presence of a positive
neonatal blood culture result within 72 h of delivery [48, 49].

MIAC was defined as the presence of microorganisms in the am-
niotic fluid detected by either an amniotic fluid culture or polymerase
chain reaction with electrospray ionization mass spectrometry (PCR/
ESI-MS) (Ibis, Technology-Athogen, Carlsbad, CA). Intra-amniotic
inflammation was defined as an amniotic fluid interleukin (IL)-6 con-
centration ≥2.6 ng/mL [50, 51]. Based on the results of amniotic fluid
cultivation, PCR/ESI-MS testing [52–55], and amniotic fluid concentra-
tions of IL-6 [50, 51], patients were classified into four clinical sub-
groups: (1) no intra-amniotic infection/inflammation (negative amniotic
fluid by both culture and PCR/ESI-MS and the absence of intra-
amniotic inflammation); (2) sterile intra-amniotic inflammation (negative
amniotic fluid using both culture and PCR/ESI-MS but the presence of
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intra-amniotic inflammation [56–58]); (3) MIAC without intra-amniotic
inflammation (positive amniotic fluid by culture and/or PCR/ESI-MS but
the absence of intra-amniotic inflammation); and (4) intra-amniotic
infection (positive amniotic fluid by culture and/or PCR/ESI-MS and the
presence of intra-amniotic inflammation).

Sample collection

Amniotic fluid was obtained by transabdominal amniocentesis under
sterile conditions and transported to the clinical laboratory. Analyses of
the amniotic fluid white blood cell (WBC) count [59], glucose concen-
tration [60], andGram stain [61] were performed shortly after collection.
Amniotic fluid not required for clinical assessment was centrifuged at
1,300×g for 10 min at 4 °C, shortly after amniocentesis, and the super-
natant was aliquoted and stored at −80 °C until analysis.

Placental histopathologic examination

Placentas were collected in the Labor and Delivery Unit or Operating
Room at Hutzel Women’s Hospital of the Detroit Medical Center and
transferred to the PerinatologyResearchBranch laboratory. Samplingof
the placentas was performed according to protocols of the Perinatology
Research Branch, as previously described [62–67]. A minimum of five
full-thickness sections of the chorionic plate, three sections of the um-
bilical cord, and three chorioamniotic membrane rolls from each case
were examined by placental pathologists who were blinded to the
clinical histories and additional testing results. Acute inflammatory le-
sions of the placenta (maternal inflammatory response and fetal in-
flammatory response) were diagnosed according to established criteria,
including staging and grading [65, 67, 68]. Severe acute placental in-
flammatory lesions were defined as stage 3 and/or grade 2 [65, 67].

Detection of microorganisms utilizing cultivation and
molecular microbiologic methods

Amniotic fluid was analyzed by utilizing cultures for aerobes, anaer-
obes, and genital mycoplasmas as well as by broad-range real-time
PCR/ESI-MS. Briefly, DNAwas extracted from 300 μL of amniotic fluid
by implementing a method that combined bead-beating cell lysis with
magnetic bead-based extraction [69, 70]. The extracted DNA was
amplified on Ibis’s broad bacteria and Candida spectrum assay, ac-
cording to the manufacturer’s instructions. PCR/ESI-MS identified
3,400 bacteria and 40 Candida spp., represented in the platform’s
signature database [71, 72]. For viral detection, the nucleic acids were
extracted from 300 μL of amniotic fluid by using a method that com-
bined chemical lysis with magnetic bead-based extraction. The
extracted RNA/DNAwas amplified on the broad viral assay, according
to the manufacturer’s instructions. In the eight wells, there were 14
primer pairs used to detect the following viruses: Herpes simplex virus
1 (HHV-1), Herpes simplex virus 2 (HHV-2), Varicella-zoster virus
(HHV-3), Epstein–Barr virus (HHV-4), Cytomegalovirus (HHV-5),
Kaposi’s sarcoma-associated herpes virus (HHV-8), human adenovi-
ruses, human enteroviruses, BK polyomavirus, JC polyomavirus, and
Parvovirus B19 [73, 74].

After PCR amplification, 30-μL aliquots of each PCR product were
desalted and analyzed by ESI-MS as previously described [71]. The
presence of microorganisms was determined by signal processing and
triangulation analysis of all base composition signatures obtained

from each sample and then compared to a database. Along with or-
ganism identification, the ESI-MSanalysis includes aQ-score and level
of detection (LOD). The Q-score, a rating between 0 (low) and 1 (high),
represents a relative measure of the strength of the data that support
identification; only Q-scores ≥0.90 were reported for the broad bac-
teria and Candida spectrum assay [75]. The LOD describes the amount
of amplified DNA present in the sample: this was calculated with
reference to an internal calibrant, as previously described [76] and
reported herein as genome equivalents per PCR reaction well (GE/
well). The sensitivity (LOD) of PCR/ESI-MS for the detection of bacteria
in the blood is, on average, 100 CFU/mL (95% confidence interval [CI],
6,600 CFU/mL) [72]. A comparison of detection limits between blood
and amniotic fluid indicated that the assays have comparable detec-
tion limits (100 CFU/mL) [73]. The sensitivity (LOD) for the broad viral
load in plasma ranges from 400 copies/mL to 6,600 copies/mL [77].

Determination of IL-6 in amniotic fluid

IL-6 concentrations were determined to assess the magnitude of the
intra-amniotic inflammatory response. We used a sensitive and spe-
cific enzyme immunoassay obtained fromR&D Systems (Minneapolis,
MN). The quantitative sandwich enzyme immunoassay technique and
concentrations were determined by interpolation from the standard
curves. The inter- and intra-assay coefficients of variation for IL-6were
8.7 and 4.6%, respectively. The detection limit of the IL-6 assay was
0.09 pg/mL. The amniotic fluid IL-6 concentrations were determined
for research purposes, and such results were not used in patient
management. We have reported extensively on the use of IL-6 in the
assessment of intra-amniotic inflammation [50, 54, 73, 78–93].

Statistical analysis

A Kolmogorov–Smirnov test and visual plot inspection were used to
assess the normality of continuous data distributions. Non-parametric
tests were used for comparison between (Mann–Whitney U test) and
among (Kruskal–Wallis) groups to examine the differences in arith-
metic variable distributions. A χ2 or Fisher’s exact test was used to test
for differences in proportions, as appropriate. The Benjamini–Hoch-
berg procedure was used to adjust for multiple comparisons wherever
required. A two-tailed p-value of <0.05 was considered statistically
significant. Sensitivity, specificity, positive predictive value, negative
predictive value, accuracy, and positive and negative likelihood ratios
were calculated to identify intra-amniotic infection. Analysis was
performed by SPSS v.21.0 (IBM Corp, Armonk, NY).

Results

Characteristics of the study population

This study included 43 cases of clinical chorioamnionitis
at term. Demographic and clinical characteristics of the
study population are displayed in Table 1. The median
gestational age was 39.7 weeks. The median maternal
temperature at the time of diagnosis was 38.5 °C (inter-
quartile range [IQR], 38.1–38.9 °C). Eighty-six percent
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(37/43) of patients had intact membranes, and 47% (20/43)
were admitted with spontaneous labor. Sixty-three percent
(27/43) of patients delivered vaginally.

Eighty-fourpercent (36/43) of patients receivedepidural
analgesia during labor. A transabdominal amniocentesis
was performed prior to the administration of an epidural
analgesia in 23% (10/43) of patients. Among the 41 patients
who received antibiotic treatment before delivery, 78% (32/
41) received these agents prior to the amniocentesis; of this
group, 72% (23/32) received antibiotics less than 6 h before
amniocentesis. The most frequent antibiotics administered
were ampicillin and gentamicin (93% [38/41]), which is in
keeping with the standard clinical recommendations of
professional organizations [94].

Microorganisms detected in the samples of
amniotic fluid

Fifty-three percent (23/43) of patients with clinical cho-
rioamnionitis at term had microorganisms identified by
cultivation of the amniotic fluid, whereas 67% (28/42) of
patients were positive for microorganisms using PCR/
ESI-MS. The combination of cultivation techniques and
PCR/ESI-MS detected microorganisms in 70% (30/43) of
amniotic fluid samples. Table 2 shows the microorgan-
isms identified in the amniotic fluid culture and/or PCR/
ESI-MS with the number of genome equivalents per PCR
well (GE/well) for each case, amniotic fluid IL-6 concen-
tration, and presence of acute placental inflammatory
lesions.

Among 23 patients with a positive amniotic fluid cul-
ture, the most frequent microorganism was Ureaplasma
urealyticum [74% (17/23)], followed by M. hominis
[26% (6/23)], G. vaginalis [17% (4/23)], Streptococcus
agalactiae (17% [4/23]), and Streptococcus anginosus
[17% (4/23)]. Candida albicans was identified in two
patients (9% [2/23]). Interestingly, 65% (15/23) of these
patients had an amniotic fluid culture positive for two or
more microorganisms.

The most frequent microorganisms identified among
patients were Ureaplasma parvum (32% [9/28]), followed
byG. vaginalis (25% [7/28]),U. urealyticum (11% [3/28]), and
C. albicans (11% [3/28]). Two or more microorganisms were
identified in 43% (12/28) of these patients.

Among the 30 patients whose amniotic fluid tested
positive by culture and/or PCR/ESI-MS, overall, 25
microbial taxa (22 bacterial species, one fungus, and two
viruses) were present. Of them, nine microbial taxa were
detected by both culture and PCR/ESI-MS (Ureaplasma

spp., G. vaginalis,M. hominis, Lactobacillus spp., Candida
spp., S. agalactiae, S. anginosus, Fusobacterium spp.,
and Staphylococcus aureus); nine were detected by
amniotic fluid culture only (Peptostreptococcus spp.,
Enterococcus faecalis, Prevotella spp., Streptococcus
viridans Bacteroides spp., Bifidobacterium spp., Escher-
ichia coli, Porphyromonas spp., and Actinomyces israelii);
seven were detected by only PCR/ESI-MS (Sneathia spp.,
Propionibacterium acnes, Streptococcus pneumonia,
Streptococcus oralis, Group G streptococcus, herpes
simplex virus [HSV]-1, and Roseolovirus [HHV-7]). In
one patient, the only microorganism found was
herpes simplex virus (HSV)-1 (Table 2; patient 27). One
patient had Roseolovirus (HHV-7), but there were multi-
ple bacteria identified in the amniotic fluid (Table 2,
patient 15).

Table : Demographic, clinical, and laboratory characteristics of
the study population.

Characteristics Results

Age, years  (–)
Ethnicity
African American % (/)
Caucasian .% (/)
Other .% (/)

Body mass index, kg/m
. (.–.)

Smoking status % (/)
Nulliparity % (/)
Maternal temperature at the time of diagnosis, °C . (.–.)
Uterine tenderness % (/)
Malodorous vaginal discharge % (/)
Fetal tachycardia (> beats/min) % (/)
Maternal tachycardia (> beat/min) % (/)
Maternal blood WBC count (cells/mm) , (,–

,)
Maternal leukocytosis (>, cells/mm) % (/)
Intact membranes at admission % (/)
Spontaneous onset of labor at admission % (/)
Gestational age at amniocentesis, weeks . (.–.)
Rupture of the membranes at the time of

amniocentesis
% (/)

Epidural analgesia % (/)
Amniocentesis before epidural analgesia % (/)
Amniocentesis after epidural analgesia % (/)

Amniotic fluid analysis
Amniotic fluid white blood cell count, cells/mm

. (.–.)
Amniotic fluid glucose concentration, mg/dL . (.–.)
Amniotic fluid Gram stain positive % (/)
Amniotic fluid interleukin-, ng/mL . (.–.)

Cesarean delivery % (/)

Data presented as median (interquartile range) and percentage (n/N).
WBC, white blood cell.
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Intra-amniotic inflammatory response in
patients with clinical chorioamnionitis

Intra-amniotic inflammation [50] was identified in 67%
(29/43) of the study participants. When combining the re-
sults of amniotic fluid cultures, PCR/ESI-MS, and amniotic
fluid IL-6 concentrations, 63% (27/43) had intra-amniotic
infection, 5% (2/43) had sterile intra-amniotic inflamma-
tion, 7% (3/43) hadmicroorganismswithout intra-amniotic
inflammation, and 25% (11/43) of patients did not have
intra-amniotic inflammation or microorganisms.

In the presence of ruptured membranes, the frequency
of intra-amniotic infection was two-fold higher than
when the membranes were intact (ruptured membranes,
78% [21/27] vs. intact membranes, 38% [6/16], p=0.01)
(Figure 1). The frequency of patients with neither intra-
amniotic infection nor intra-amniotic inflammation was
eight-fold higher in patients with intactmembranes than in
those with ruptured membranes (intact membranes, 56%
[9/16] vs. ruptured membranes, 7% [2/27], p<0.001). There
was no difference in the frequency of sterile intra-amniotic
inflammation and the proportion of patients with micro-
organisms in the amniotic fluid but without intra-amniotic
inflammation between cases whose membranes were
already ruptured at the time of amniocentesis and those
with intact membranes (sterile intra-amniotic inflamma-
tion: rupturedmembranes, 4% [1/27] vs. intactmembranes,
6% [1/16], p=1.0; microorganisms without intra-amniotic
inflammation: ruptured membranes, 11% [3/27] vs. intact
membranes, 0% [0/16], p=0.28).

Table 3 describes the results of biomarkers of inflam-
mation in amnioticfluid andmaternal blood among the four
subgroupsof patientswith clinical chorioamnionitis at term.
The distribution of the amniotic fluid WBC count and con-
centrations of amniotic fluid IL-6 and amniotic fluid glucose
varied significantly among the four groups (Kruskal–Wallis,
p<0.001, p<0.0001, p<0.05, respectively). However, there
was no significant difference in the median maternal blood
WBC counts among the four clinical groups (p=0.41).

The median amniotic fluid WBC counts were signifi-
cantly higher in patients with intra-amniotic infection than
in those without intra-amniotic infection/inflammation
(median [IQR], 600 cells/mm3 [44.5–1,819] vs. 2.5 cells/mm3

[0–4.5], p<0.001).
The median amniotic fluid IL-6 concentrations were

significantly higher in patients with intra-amniotic infection
than in those without intra-amniotic infection/inflammation
(median [IQR], 15.7 ng/mL [5.3–37.1] vs. 0.4 ng/mL [0.2–1.0],
p<0.0001). Also, patients with intra-amniotic infection had a

significantly higher median amniotic fluid IL-6 concentra-
tion than those with microorganisms without intra-amniotic
inflammation (median [IQR], 15.7 ng/mL [5.3–37.1] vs. 1.3 ng/
mL [0.9–1.3], p<0.05). There was no significant difference in
the median amniotic fluid WBC count, IL-6 concentration,
and glucose concentration between patients with intra-
amniotic infection and those with sterile intra-amniotic
inflammation. Among patients with a positive PCR/ESI-MS,
the median amniotic fluid IL-6 concentrations were not
significantly different between patients with polymicrobial
infection (n=11) and those with single microbial infection
(n=17) (median [IQR], polymicrobial infection; 13.8 [4.1–31.7]
ng/mL vs. single microbial infection: 11.2 [4.8–33.3] ng/mL;
p=0.96).

The microbial burden, expressed as GE/well, was
significantly correlated with the amniotic fluid concentra-
tion of IL-6 (Spearman’s r=0.64; p<0.001) (Figure 2). There
was also a correlation between the amniotic fluid WBC
concentration and microbial burden (Spearman’s r=0.69;
p<0.001).

Accuracy of clinical criteria for a diagnosis of
clinical chorioamnionitis

Fever was considered a requirement for the diagnosis of
clinical chorioamnionitis [26]. The most frequent addi-
tional criteria for this diagnosis were maternal and fetal
tachycardia, observed in 86% (37/43) and 81% (35/43) of
cases, respectively, while maternal leukocytosis was

Figure 1: Prevalence of intra-amniotic infection and sterile intra-
amniotic inflammation in patients with clinical chorioamnionitis at
term according to the status of the membranes at the time of
amniocentesis (intact vs. ruptured).
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identified in only 30% (8/27) of cases (Table 1). There was
no significant difference in the frequency of each clinical
sign between clinical chorioamnionitis with and without
intra-amniotic infection (Table 4).

The performance of criteria for the diagnosis of clinical
chorioamnionitis in the identification of intra-amniotic
infection is shown in Table 5. The sensitivity of maternal
and fetal tachycardia ranged from 74 to 85%; however, the
specificity was poor for these criteria, ranging from 6 to
12%. In contrast, malodorous vaginal discharge, maternal
leukocytosis, and uterine tenderness had a high specificity
(100, 82, and 78%, respectively) but a low sensitivity (0, 38,
and 31%, respectively) for the identification of intra-
amniotic infection. Altogether, the diagnostic accuracy
for each clinical criterion ranged between 40 and 58%. The
combination of three or more clinical criteria did not
further improve the diagnostic accuracy for the identifica-
tion of intra-amniotic infection.

Neonatal bacteremia in patients with clinical
chorioamnionitis

Forty-one neonates had blood culture results available for
review. The frequency of early neonatal bacteremia was
4.9% (2/41). The first case (Case 31) hadMicrococcus spp. in
the neonatal blood culture; the amniotic fluid culture and
PCR/ESI-MS result were negative, the amniotic fluid IL-6
concentration was 2.66 ng/mL, and the placental histo-
pathological analysis revealed acute chorioamnionitis
without funisitis. The second case (Case 10) had a positive
neonatal blood culture for S. aureus. The amniotic fluid

Figure 2: Correlation between amniotic fluid interleukin-6
concentration and the microbial burden (GE /well) in patients with a
positive PCR/ESI-MS, Spearman’s ρ=0.64; p>0.001. PCR/ESI-MS:
polymerase chain reaction with electrospray ionization mass
spectrometry.

Table : Inflammatory markers in the maternal blood and amniotic fluid of patients with clinical chorioamnionitis at term according to the
results of amniotic fluid cultures, PCR/ESI-MS, and IL- concentrations.

Parameters Clinical chorioamnionitis at term p-Valuea

No intra-amniotic
infection or

inflammation (n=)

Microorganisms in amniotic
fluid without intra-amniotic

inflammation (n=)

Sterile
intra-amniotic

inflammation (n=)

Intra-amniotic
infection (n=)

Maternal blood
WBC count,
cells/mm

, (,–,) , (,–,) , (,–,) , (,–,) .

Amniotic fluid
WBC count,
cells/mm

. (–.) . (–.)  (–)  (.–,) <.b

Amnioticfluid IL-,
ng/mL

. (.–.) . (.–.) . (.–.) . (.–.) <.b,c

Amniotic fluid
glucose, mg/dL

 (–)  (.–.)  (–)  (–) <.

Data are presented as median (interquartile range). WBC, white blood cell; IL, interleukin; PCR/ESI-MS, polymerase chain reaction with
electrospray ionization mass spectrometry. aKruskal–Wallis one-way ANOVA test followed by post hoc analysis using Dunn test. bp<.
for comparison between patients with no intra-amniotic infection/inflammation and those with intra-amniotic infection. cp<. for
comparison between patients with microorganisms in amniotic fluid without intra-amniotic inflammation and those with intra-amniotic
infection.
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culture was positive for S. aureus and U. urealyticum, and
the PCR/ESI-MS was positive for U. parvum. The amniotic
fluid IL-6 concentration was 37.49 ng/mL, and the
placental histopathologic analysis revealed severe acute
chorioamnionitis (grade 2) and acute funisitis.

Placental pathologic findings (acute
histologic chorioamnionitis and funisitis)

The frequency of acute histologic chorioamnionitis and/or
acute funisitis was 79% (34/43); 79% (34/43) had maternal
inflammatory response (acute histologic chorioamnioni-
tis); 67% (29/43) had a fetal inflammatory response (acute
funisitis).

Figure 3 displays the frequency of acute histological
chorioamnionitis and/or funisitis among the study groups.
In patients with intra-amniotic infection, the frequency of
acute placental inflammatory lesions was 93% (25/27)
(acute chorioamnionitis: 93% [25/27] and acute funisitis:
67% [18/27]), and severe lesions (defined as stage 3 and
grade 2maternal and/or fetal inflammatory response) were

present in 52% (14/27) (severe acute chorioamnionitis: 44%
[12/27] and severe acute funisitis: 33% [9/27]). The fre-
quency of acute placental inflammation was significantly
higher in patients with intra-amniotic infection than in
patients without intra-amniotic infection/inflammation
(93% [25/27] vs. 45% [5/11]; p=0.02).

The patients (n=2) with sterile intra-amniotic inflam-
mation had lesions consistent with acute placental inflam-
matory lesions and one of them had severe acute histologic
chorioamnionitis. No severe acute placental inflammatory
lesions were present in patients with microorganisms
without intra-amniotic inflammation and patients without
intra-amniotic infection or intra-amniotic inflammation.

Discussion

Principal findings of the study

(1) Intra-amniotic infection (defined as the combination of
microorganisms detected in amniotic fluid and an elevated
IL-6 concentration) was present in 63% (27/43) of cases; (2)

Table : Frequency of criteria for clinical chorioamnionitis at term according to the presence or absence of intra-amniotic infection.

Clinical chorioamnionitis at term
with intra-amniotic infection (n=)

Clinical chorioamnionitis at term
without intra-amniotic infection (n=)

p-Value

Maternal tachycardia (> beats/min) % (/) % (/) .
Fetal tachycardia (> beats/min) % (/) % (/) .
Maternal leukocytosis (>, cells/mm) % (/) % (/) .
Uterine tenderness % (/) % (/) .
Malodorous vaginal discharge % (/) % (/) –

Data presented as percentage (n/N).

Table : The diagnostic accuracy of clinical criteria in the identification of intra-amniotic infection in patients with clinical chorioamnionitis at
term.

Sensitivity Specificity Positive
likelihood

ratio (% CI)

Negative
likelihood

ratio (% CI)

Accuracy

% (n/N) % CI % (n/N) % CI % (n/N) % CI

Maternal tachycardia
(> beats/min)

% (/) .–. % (/) .–. . (.–.) . (.–.) % (/) .–.

Fetal tachycardia
(> beats/min)

% (/) .–. % (/) .–. . (.–.) . (.–.) % (/) .–.

Maternal leukocytosis
(>, cells/mm)

% (/) .–. % (/) .–. . (.–.) . (.–.) % (/) .–.

Uterine tenderness % (/) .–. % (/) .–. . (.–.) . (.–.) % (/) .–.
Malodorous vaginal

discharge
% (/) –. % (/) .–. –  (–) % (/) .–.

≥  criteria % (/) .–. % (/) .–. . (.–.)  (.–.) % (/) .–.
≥  criteria % (/) –. % (/) .–. – . (.–.) % (/) .–.

CI, confidence interval.
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the most common microorganisms found in the amniotic
fluid samples were Ureaplasma species, followed by
G. vaginalis; viruses were found in 2 cases; (3) sterile intra-
amniotic inflammation (elevated IL-6 in amniotic fluid but
without detectable microorganisms) was present in 5%
(2/43) of cases; (4) 26% of patients with the diagnosis of
clinical chorioamnionitis had no evidence of intra-amniotic
infection; (5) intra-amniotic infection was more common
when the membranes were ruptured than when they were
intact (78% [21/27] vs. 38% [6/16]; p=0.01); (6) the traditional
criteria for the diagnosis of clinical chorioamnionitis
has poor diagnostic performance to identify proven
intra-amniotic infection (overall accuracy 40–58%); (6)
neonatal bacteremia was diagnosed in 4.9% (2/41) of cases;
and (7) a fetal inflammatory response defined as the
presence of severe acute funisitis was observed in 20.9%
(9/43) of cases.

Results in the context of what is known

Amniotic fluid from women not in labor does not contain
bacteria

Several studies have examined whether amniotic fluid
contains bacteria using cultivation or sequence-based
techniques. Early studies used cultures and reported
that bacteria were only present in the samples of am-
niotic fluid in two of 50 patients who underwent
amniocentesis between 30 and 38 weeks of gestation
[95]. The largest study to date was reported by Seong
et al. who found a frequency of bacteria of 1% (6/775)
using cultivation techniques that included methods to
retrieve genital mycoplasmas [96]. Recent reports of
amniotic fluid retrieved by transabdominal amniocen-
tesis using molecular microbiologic techniques (e.g.,

Figure 3: Prevalence of placental acute inflammation and severity of acute histologic chorioamnionitis and/or acute funisitis in patientswith clinical
chorioamnionitis at term according to the presence of intra-amniotic infection or intra-amniotic inflammation.
The prevalence of acute histologic chorioamnionitis and/or funisitis was significantly higher in patients with intra-amniotic infection than in
patients without intra-amniotic infection/inflammation (93% [25/27] vs. 45% [5/11]; p=0.02]. Patients with intra-amniotic infection had a
significantly higher frequency of acute histologic chorioamnionitis than those cases without intra-amniotic infection/ inflammation (44%
[12/27] vs. 0% [0/11], p<0.05). No significant difference in the frequency of acute histologic chorioamnionitis and/or funisitis in patients with
sterile intra-amniotic inflammation and cases without intra-amniotic infection/inflammation was found (100% [2/2] vs. 45% [5/11], p=0.48).
No difference in the frequency of severe acute histologic chorioamnionitis was found between patients with intra-amniotic infection and the
other group of patients (intra-amniotic infection, 44% [12/27] vs. sterile intra-amniotic inflammation, 50% [1/2], p=1.0; intra-amniotic
infection, 44% [12/27] vs. MIAC alone, 0% [0/3], p=0.51). No difference in the frequency of severe acute funisitis was found between patients
with intra-amniotic infection and the other groups (intra-amniotic infection, 33% [9/27] vs. sterile intra-amniotic inflammation, 0% [0/2],
p=1.0; intra-amniotic infection, 33% [9/27] vs. MIAC alone, 0% [0/3], p=1.0). MIAC, microbial invasion of the amniotic cavity.
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16S rRNA gene PCR, real-time quantitative PCR, and
metagenomic sequencing) largely indicate that amnio-
tic fluid is free of bacteria [97–99].

Furthermore, using cell-free DNA sequencing, we
recently showed that bacteria were not detected in the
amniotic fluid of women who had a full term pregnancy
[100]. Although a few studies have suggested that micro-
bial signals may be present in amniotic fluid [101, 102],
most of the evidence at this time does not support the
presence of bacteria in the amniotic fluid collected from
women with an uncomplicated pregnancy.

Spontaneous labor at term even with intact membranes
increases the risk ofmicrobial invasion by bacteria in the
amniotic cavity

The frequency of microorganisms in the amniotic fluid of
patients with spontaneous labor at term and intact mem-
branes in the absence of a fever was reported to be 19%
(17/90), using culture techniques [103]. The most common
microorganisms were Ureaplasma spp. In a subsequent
study in which amniotic fluid was retrieved at cesarean
delivery, it was found that 3.5% (3/86) of patients in early
labor had microorganisms in amniotic fluid [96]. However,
the frequency was 13% (3/23) when patients were in active
labor, suggesting that the longer the duration of labor, the
greater the risk of microbial invasion [96]. These observa-
tions are consistent with those of Prevedourakis et al., who
reported that 10% (9/90) of patients had bacteria in the
amniotic fluid, retrieved by transabdominal amniocen-
tesis, during the first stage of labor (2 h 15min to 11 h 30min
to the onset of labor) [95].

Although the chorioamniotic membranes are tradition-
ally considered a mechanical barrier for microorganisms,
Galask et al. demonstrated that bacteria can attach to the
chorioamniotic membranes and traverse the chorion and
amnion in vitro [104]. Also, the human amnion and chorion
and the amniotic fluid had anti-bacterial properties in vitro
[105, 106]. Several antimicrobial peptides andproteins suchas
α-defensins [107], β-defensins [108–111], calprotectin [107],
lactoferrin [112, 113], and bacterial/permeability-increasing
protein [107] are present in the amniotic fluid. In addition,
both innate and adaptive immune cells are present in amni-
otic fluid even in the absence of intra-amniotic inflammation
[114, 115]. Despite the fact that an innate immune system is
present in the chorioamniotic membranes and the amniotic
fluid, it is clear that bacteria can ascend into the amniotic
cavity during labor. A previous report indicated that uterine
contractility can propel material into the human female gen-
ital tract [116].

Ruptured membranes are a risk factor of intra-amniotic
infection

In this study, we found that the frequency of intra-amniotic
infection was higher in patients with ruptured membranes
at the time of diagnosis than in those with intact mem-
branes (78% [21/27] vs. 38% [6/16]). These observations are
similar to those of a prior report in patients with clinical
chorioamnionitis at term, for which the frequency of intra-
amniotic infection was higher when the membranes were
ruptured than when they were intact (70% [21/30] vs. 25%
[4/16]; p<0.01) [35]. Collectively, the findings are consistent
with the well-established concept that the frequency of
MIAC is higher when the membranes are ruptured at term
than when the membranes are intact [117, 118].

The practical implication of these observations is that a
newborn delivered by a mother with ruptured membranes
at the time clinical chorioamnionitis at term is diagnosed
has a high risk of exposure to bacteria before birth. Very
few patients with ruptured membranes had either sterile
intra-amniotic inflammation (only 3.7%; 1/27) or a fever
without evidence of intra-amniotic inflammation or mi-
croorganisms (11.1%; 3/27) (Figure 1).

Intra-amniotic infection in clinical chorioamnionitis at
term

The frequency of intra-amniotic infection in the current
study (63%, 27/43) was similar to that reported in a prior
study of patients with clinical chorioamnionitis at term
(54%, 25/46) [35]. In our study, the most frequent microor-
ganisms identified by amniotic fluid culture in patients with
clinical chorioamnionitis at term were U. urealyticum (74%,
17/23) and M. hominis (26%, 6/23), again similar to those
identified in a prior study of patients [35], which indicated
the most common microorganisms identified by culture
were U. urealyticum (38%, 8/21) andM. hominis (19%, 4/21).
PCR/ESI-MS identified U. parvum (32%, 9/28), G. vaginalis
(25%, 7/28), and U. urealyticum (11%, 3/28); in a prior study
of patients with clinical chorioamnionitis at term, this
technique also identified G. vaginalis in 37% (10/27) of
patients and U. urealyticum in 26% (7/27) of patients [35].

Identification of genital mycoplasmas in biologic speci-
mens requires special culture procedures, broad-range PCR,
or specific assays for PCR. In the past, these assays were
considered research procedures. However, there are now
commercially available kits (Mycoplasma IES kit [Autobio
Diagnostics Co., Ltd., Zhengzhou, China] and the MYCO-
FAST® RevolutioN kit [ELITech MICROBIO, Signes, France])
[119], which allow identification of genital mycoplasmas in
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amniotic fluid within 24 h. These kits are also able to deter-
mine the antibiotic susceptibility of isolates.

Viruses have been found in the amniotic fluid of cases
presenting congenital infections, such as Cytomegalovirus,
Zika virus, etc. However, with the use of specific PCR assays,
the presence of viruses in amniotic fluid is extremely rare.
Gervasi et al. reported that viral nucleic acids were detected
in 2.2% (16/729) of asymptomatic women undergoing
midtrimester amniocentesis, and the most common
microorganisms were HHV6, followed by Cytomegalovirus,
Parvovirus, and Epstein–Barr virus [120]. In a previous
study, using cell-free DNA sequencing, two viruses (a
papillomavirus and a bacteriophage) were identified in pa-
tients with clinical chorioamnionitis at term; however,
bacteria were also identified in these cases [100]. In the
current study, two patients presented with viruses in the
amniotic fluid. One patient (No. 27; Table 2) had Herpes
simplex virus 1 (HSV-1) with an elevated amniotic fluid IL-6
concentration (5.7 ng/mL), and the placenta showed acute
histologic chorioamnionitis without funisitis. The newborn
did not have clinical evidence of HSV-1 infection. The viral
burden was low (8 GE/well). The second patient (No. 15;
Table 2) hadmultiple bacteria identifiedby culture andPCR/
ESI-MS. Roseolovirus (HHV-7) was found in the amniotic
fluid; however, the biological significance of this finding is
uncertain because the inflammatory process seems to have
been caused by bacteria. The concept that some intra-
amniotic inflammatory processes or even some systemic
maternal inflammatory conditions may be attributed to
viruses is interesting, but the subject remains largely
unexplored at this time. A recent study reported that other
microorganisms, such as Chlamydia trachomatis, are
unlikely causes of intra-amniotic inflammation [121].

Sterile intra-amniotic inflammation in clinical
chorioamnionitis at term

In this study, 5% of patients with clinical chorioamnionitis
at term had inflammation in the amniotic cavity diagnosed
by an elevated IL-6 concentration in the absence of
microorganisms (sterile intra-amniotic inflammation), us-
ing both cultivation and molecular microbiologic tech-
niques. This condition has been described in patients with
preterm labor with intact membranes [57], preterm prelabor
rupture of the membranes (PROM) [58, 122], and a sono-
graphic short cervix [56] as well as in some with acute cer-
vical insufficiency [123]. The behavior of the intra-amniotic
cytokine network in sterile intra-amniotic inflammation has

been characterized in patients who have preterm labor with
intact membranes and a short cervix; it differs from that of
patients who have intra-amniotic infection [56–58, 123–125].

What causes sterile intra-amniotic inflammation?
Danger signals or “alarmins” (molecules released under
cellular stress) have emerged as likely candidates. The
intra-amniotic injection of the prototypic alarmin HMGB-
1 and others, such as S100B and IL-1-α, can induce intra-
amniotic inflammation [126–128] and preterm labor in
murine models [128, 129]. Importantly, experimental ev-
idence suggests that fetuses exposed to sterile intra-
amniotic inflammation are more likely to have neonatal
complications [129, 130], and acute chorioamnionitis and
funisitis are observed in a fraction of patients with sterile
intra-amniotic inflammation [56–58, 125]. In the current
study, two patients had sterile intra-amniotic inflamma-
tion, and both had acute histologic chorioamnionitis
while only one had evidence of funisitis. Future studies
are required to understand the causes, consequences,
and optimal surveillance of neonates born to mothers
with sterile intra-amniotic inflammation.

Sterile intra-amniotic inflammation is important not only
in the context of clinical chorioamnionitis at term but it is
possible that it plays a role in preterm birth [57, 58, 125, 131]
and in thediagnosis of clinical chorioamnionitis: inup to 29%
of cases of patients with preterm PROM [58], no evidence of
intra-amniotic infection could be documented by culture.

Clinical chorioamnionitis in the absence of intra-
amniotic inflammation or microorganisms

A subset of patients with the diagnosis of clinical cho-
rioamnionitis do not have any evidence of intra-amniotic
infection/inflammation [35]. Given that fever is a manifes-
tation of a maternal systemic inflammatory response, it is
puzzling to find that there was no inflammation whatsoever
in the amniotic cavity. In the current study, 27% of patients
(3/11) with this diagnosis had an epidural before the
amniocentesis. It is well known that 11–19% of patients with
epidural anesthesia/analgesia develop hyperthermia dur-
ing labor [132–141] and that this phenomenon is associated
with changes inmaternal plasmaor serumconcentrations of
inflammatory cytokines, including pyrogenic cytokines, as
demonstrated by the studies of Goetzl et al. [142]. Thus, it
is possible that a maternal fever in the absence of
intra-amniotic inflammation may be due to a systemic
inflammatory process associated in some cases with
epidural anesthesia and, therefore, may be a result of

Romero et al.: Clinical chorioamnionitis at term X 287



neuroinflammation [143]. These cases can be diagnosed by
the absence of intra-amniotic inflammation or severe acute
histologic lesions of the placenta.

Patients with microorganisms in the amniotic cavity
without evidence of intra-amniotic inflammation

Three cases had microorganisms without evidence of
intra-amniotic inflammation (Table 2; patients 28–30).
The patients had low concentrations of amniotic fluid
IL-6 with no severe acute histologic chorioamnionitis or
funisitis present. Whether there was contamination of
specimens or whether the observation represents an early
form of microbial invasion needs further study.

Placental histopathologic examination in clinical
chorioamnionitis at term

Acute histological chorioamnionitis represents a maternal
host response, as neutrophils infiltrating the chorion and
amnion are of maternal origin [144]. In some cases, these
and other maternal innate immune cells (e.g. macro-
phages) can reach the amniotic cavity [65, 145, 146]. By
contrast, funisitis and acute chorionic vasculitis represent
fetal inflammatory responses, and these lesions are
considered the histological counterpart of the fetal in-
flammatory response syndrome [29, 30, 65, 147–149]. Given
that these lesions can also be present in the context of
sterile intra-amniotic inflammation [35, 38, 56, 58, 65, 73,
150], we do not endorse using the phrase “amniotic fluid
infection” when referring to acute placental inflammatory
lesions, given that in some cases there is no evidence that
intra-amniotic infection is due to the presence of microor-
ganisms [65, 67].

It is noteworthy that 45% (5/11) of patients without
intra-amniotic infection or intra-amniotic inflammation
had mild acute histological chorioamnionitis (Figure 3).
This finding probably reflects that spontaneous labor is
considered a sterile inflammatory process [151] mediated,
at least in part, by activation of the inflammasome
[152–157]. Given that these lesions are very common in
spontaneous labor at term, they should not be interpreted
as evidence of intra-amniotic infection.

Either severe funisitis or chorionic vasculitis was pre-
sent in 33% (9/27) of patients with proven intra-amniotic
infection (Figure 3). This finding suggests that fetal
involvement is more frequent than currently thought,
based upon the frequency of positive neonatal cultures. It
is likely that most of these systemic inflammatory

processes are subclinical in the nursery and only detect-
able by measuring acute phase reactant proteins, such as
procalcitonin, C-reactive protein, etc. Studies in humans
suggest that clinical chorioamnionitis is a risk factor of
cerebral palsy [15, 24, 158], and there is now evidence,
based on animal models of clinical chorioamnionitis at
term, that fetal neuroinflammation can be present [23, 159].
Therefore, it appears that a subset of neonates at term
present subclinical neonatal brain injury that is not clini-
cally detectable until childhood [160–162].

In the current study, 79% (34/43) of patients with
clinical chorioamnionitis at term had acute placental in-
flammatory lesions. This frequency is higher than that re-
ported in two previous studies on clinical chorioamnionitis
[35, 163]. In a Hispanic population, 51% (23/45) of patients
with clinical chorioamnionitis at term presentedwith acute
histologic chorioamnionitis and/or funisitis [35], and
Smulian et al. [163] reported that 62% (86/139) of patients
with clinical chorioamnionitis (of whom 45% [39/86] were
Caucasian) had acute histologic chorioamnionitis. The
difference in prevalence of acute placental histologic
lesions may be due to population differences in the fetal
membrane cytokine response [164, 165]. The laboratory of
Menon et al. reported that term chorioamnioticmembranes
of African-American women produced significantly more
IL-1β in response to E. coli than women of European origin
[164]. It is possible that the higher frequency of acute
histologic chorioamnionitis in the current study may be a
result of different population characteristics.

Clinical signs of chorioamnionitis have limited accuracy
in identifying intra-amniotic infection

The accuracy of each individual clinical sign that identified
intra-amniotic infection ranged between 40 and 58%, a
finding similar to the range of 47 to 58% previously reported
in another study [36]. Together, these findings indicate that
clinical criteria used to diagnose clinical chorioamnionitis at
term did not distinguish between the groups of patients with
and without intra-amniotic infection.

Efforts to improve the identification of patients with
proven intra-amniotic infection are important given that
the high rate of a false-positive diagnosis has clinical
implications. Mothers with a fever during labor are
frequently given antibiotics [134, 135, 166–168], and such
intervention often commits a neonatologist to observation
in the nursery, a sepsis workup [134, 135, 138, 169–173],
the administration of antibiotics in the neonatal period
[134, 135, 141, 170], and the separation of neonates from
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parents while antibiotic treatment takes place in the
nursery [174–177].

Further studies are required to determine whether the
evaluation of amniotic fluid obtained with a transcervical
amniotic fluid collector could facilitate the rapid identifi-
cation of patients with intra-amniotic inflammation from
those who do not have this lesion [178]. Perhaps the latter
groupdoes not need to receive antibiotic treatment and this
would result in a decrease in the exposure of neonates to
anti-microbial agents, which have recently been shown to
alter the pattern of the establishment of the gut microbiota
[179–183].

Neonatal bacteremia in clinical chorioamnionitis at term

An important consideration is whether microorganisms
present in the amniotic fluid can invade the human fetus
and predispose to neonatal sepsis or other conditions, e.g.,
chronic lung disease and neuroinflammation. These issues
are also relevant in preterm gestations. Indeed, evidence
has shown that 20% of preterm neonates born between 23
and 32 weeks of gestation have positive blood cultures for
Ureaplasma spp., suggesting that this microorganism can
gain access to the fetal compartment [184].

In the current study, the frequency of proven neonatal
bacteremia among patients with clinical chorioamnionitis
at term was 4.9% (2/41); this frequency is higher than that
reported in previous studies of patients with clinical cho-
rioamnionitis, ranging from 0.2 to 0.7% [22, 185, 186]. For
example, Braun et al. [185] reported that the overall rate for
culture-positive, early-onset bacterial neonatal infection in
late preterm and term infants was 0.6/1,000, while it
was 4/1,000 in infants born to mothers with clinical cho-
rioamnionitis. Towers et al. reported that 0.2% (1/417) of
infants born to mothers with an intrapartum fever
(≥36 weeks of gestation) developed early-onset neonatal
sepsis and a positive blood culture [186]. Similarly, Randis
et al. observed that only 0.7% (7/967) of neonates born to
mothers with clinical chorioamnionitis had culture-
proven, early-onset sepsis [22]. A limitation of most
studies is that cultures for genital mycoplasmas were not
performed in the neonates.

It is noteworthy that neonatal cultures for Ureaplasma
spp. and M. hominis were not performed in the current
study. This is consistent with clinical practice in the U.S.
and abroad in neonatal medicine, despite good evidence
that these microorganisms can cause neonatal disease
[184, 187]. Further studies should include neonatal detec-
tion of genital mycoplasmas.

The role of genital mycoplasmas in intra-amniotic
infection and its implications for antimicrobial therapy

Although some authors have considered that genital
mycoplasmas may cause colonization of the amniotic
cavity without eliciting a pathological process, there is
now overwhelming evidence indicating that the presence
of these microorganisms can elicit the maternal, intra-
amniotic, and fetal inflammatory responses [187–196]. In
vitro studies have shown that incubation of these microor-
ganisms in the chorioamniotic membranes elicits the release
of inflammatory mediators [197]. Moreover, Viscardi et al., as
well as other investigators, have provided good evidence that
shows neonatal infection resulting from genitalmycoplasmas
is a risk factor for adverse outcomes. For example, infections
such as congenital pneumonia and sepsis by caused
U. urealyticum [198–200] and U. parvum [201], and neonatal
meningitis in term infants caused byU. urealyticum [202, 203],
U. parvum [204], and M. hominis [202, 205–210], have been
reported. Further studies are required to determine the
prevalence and clinical significance of infections by genital
mycoplasmas in newborns. Kafetziz et al. [211] found that the
rate of maternal transmission of U. urealyticum by genital
colonization for full-term infants was 17% (13/125).

It is now clear that Ureaplasma spp. are the most
frequent microorganisms in the amniotic cavity and that
this is the case in patients with an asymptomatic short
cervix [56, 212, 213], acute cervical insufficiency [123, 214,
215], idiopathic vaginal bleeding [91, 216], preterm labor
with intact membranes [50, 57, 73, 217–223], preterm PROM
[53, 191, 224–233], an intrauterine contraceptive device [234],
PROM at term [117], and clinical chorioamnionitis at term [35,
39, 149] aswell as a subset of patientswith spontaneous labor
at term and intact membranes. The two species most
frequently found are U. parvum and U. urealyticum. Several
biovars have been identified, and the most frequently
involved in intra-amniotic infection is “parvo biovar” [189].

What are the clinical implications for the administra-
tion of antimicrobial agents? Andrews et al. reported that
patients who had U. urealyticum in the chorioamniotic
membranes had a three-fold increased risk of endometritis
and an eight-fold increase in the subgroup who had sponta-
neous onset of labor [235]. These findings led to a randomized
clinical trial in which women undergoing cesarean deliveries
were allocated to receive cefotetan and doxycycline at cord
clamping and azithromycin 6–12 h after surgery [236].
Administration of azithromycin was associated with a signif-
icant reduction in the rate of post-cesarean endometritis (19.9
vs. 15.4%; relative risk [RR] 0.77 [95% CI 0.66–0.91]; p=0.002)
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[236]. This important studywas followedbyanother landmark
report by Tita et al. about the prospective surveillance of
surgical site infections, conducted at the University of Ala-
bama. The investigators reported that the use of extended
spectrum antibiotics designed to treat against U. urealyticum
was associated with a significant reduction in post-cesarean
wound infections [237].

This work was then followed by a multicenter ran-
domized clinical trial [237] that showed adjunctive azi-
thromycin prophylaxis at cesarean delivery was
associated with a significant reduction in the rate of
endometritis (6.1 vs. 3.8%; p=0.02), wound infection (6.6
vs. 2.4%; p<0.001), and serious maternal adverse events
(2.9 vs. 1.5%; p=0.03) [237]. Although there was no dif-
ference in the neonatal composite outcome, the findings
of this study were considered sufficiently persuasive by
professional U.S. organizations to change the practice of
antibiotic prophylaxis.

Current recommendations for the treatment of clinical
chorioamnionitis

The use of ampicillin and gentamicin is recommended by the
American College of Obstetricians and Gynecologists when-
ever intra-amniotic infection is suspected or confirmed [94].
However, these antibiotics are not effective against Ure-
aplasma spp. or M. hominis. These bacteria lack a cell wall;
therefore, β‐lactams (e.g., penicillins and cephalosporins)
and glycopeptides (e.g., vancomycin) are not effective anti-
microbial agents [238, 239]. Gentamicin is also not effective
against both U. parvum and U. urealyticum [240].

Macrolides, such as azithromycin and clarithromycin,
have showngood antibacterial activity againstUreaplasma
spp. [241–243] and better transplacental passage than
erythromycin [244]. There is evidence that U. urealyticum
isolated from pregnant women is less resistant (0.9–25%)
to clarithromycin than to other antibiotics [241, 242, 245];
therefore, these antibiotics can be considered an alterna-
tive to azithromycin and have been used in several studies
[212, 246–253]. Indeed, a recent report has shown that
clarithromycin is effective in the treatment of intra-
amniotic inflammation and intra-amniotic infection in
preterm PROM [253].

Strengths and limitations of the
current study

The major strengths of this study are as follows: (1) both
cultivation and molecular microbiologic techniques were

used to identify microorganisms in the amniotic cavity
obtained by transabdominal amniocentesis; hence, the
diagnosis of microbial invasion was based on state-of-the-
artmethodologies; and (2)we studied the effect ofmaternal
systemic inflammation in the presence or absence of intra-
amniotic inflammation by assessing the state of inflam-
mation of the amniotic cavity.

The main limitation of the study is that cultures and
detection methods for clinical Mycoplasmas were not per-
formed in neonatal samples. It is possible that there was
vertical transmission of infection by thesemicroorganisms,
which was not detected because microbiologic techniques
were limited to those that are standard in clinical practice.

Conclusions

Clinical chorioamnionitis at term is a syndrome. The most
likely cause is intra-amniotic infection, defined as the
combination of MIAC and intra-amniotic inflammation.
Importantly, one of every four patients has no evidence of
intra-amniotic inflammation. The differential diagnosis of
this syndrome and optimal treatment are important issues
in clinical obstetrics. Studies that implement modern
microbiologic techniques to detect genital mycoplasmas in
neonates are urgently needed as are studies to determine
whether antibiotics effective against genital mycoplasmas
can reduce morbidity in neonates born at term.

Research funding: This research was supported, in part,
by the Perinatology Research Branch, Division of
Obstetrics and Maternal-Fetal Medicine, Division of
Intramural Research, Eunice Kennedy Shriver National
Institute of Child Health and Human Development,
National Institutes of Health, U.S. Department of Health
and Human Services (NICHD/NIH/DHHS); and, in part,
with Federal funds from NICHD/NIH/DHHS under
Contract No. HHSN275201300006C.
Author contributions: Dr. Romero has contributed to this
work as part of his official duties as an employee of the
United States Federal Government. All authors have
accepted responsibility for the entire content of this
manuscript and approved its submission.
Competing interests: Authors state no conflict of interest.
Informed consent: Informed consent was obtained from all
individuals included in this study.
Ethical approval: Theuse of biological specimens aswell as
clinical and ultrasound data for research purposes was
approved by theHuman Investigation Committee ofWayne
State University.

290 Romero et al.: Clinical chorioamnionitis at term X



References

1. Newton ER. Chorioamnionitis and intraamniotic infection. Clin
Obstet Gynecol 1993;36:795–808.

2. RouseDJ, LandonM,LevenoKJ, LeindeckerS,VarnerMW,CaritisSN,
et al. The Maternal-Fetal Medicine Units cesarean registry:
chorioamnionitis at term and its duration-relationship to outcomes.
Am J Obstet Gynecol 2004;191:211–6.

3. Tita AT, Andrews WW. Diagnosis and management of clinical
chorioamnionitis. Clin Perinatol 2010;37:339–54.

4. Malloy MH. Chorioamnionitis: epidemiology of newborn
management and outcome United States 2008. J Perinatol 2014;
34:611–5.

5. Alexander JM, McIntire DM, Leveno KJ. Chorioamnionitis and
the prognosis for term infants. Obstet Gynecol 1999;94:
274–8.

6. Duff P, Sanders R, Gibbs RS. The course of labor in term patients
with chorioamnionitis. Am J Obstet Gynecol 1983;147:391–5.

7. Hauth JC, Gilstrap LC, 3rd, HankinsGD, Connor KD. Termmaternal
and neonatal complications of acute chorioamnionitis. Obstet
Gynecol 1985;66:59–62.

8. Silver RK, Gibbs RS, CastilloM. Effect of amnioticfluid bacteria on
the course of labor in nulliparous women at term. Obstet Gynecol
1986;68:587–92.

9. Gibbs RS, Duff P. Progress in pathogenesis and management of
clinical intraamniotic infection. Am J Obstet Gynecol 1991;164:
1317–26.

10. Satin AJ, Maberry MC, Leveno KJ, Sherman ML, Kline DM.
Chorioamnionitis: a harbinger of dystocia. Obstet Gynecol 1992;
79:913–5.

11. Mark SP, Croughan-MinihaneMS, Kilpatrick SJ. Chorioamnionitis
and uterine function. Obstet Gynecol 2000;95:909–12.

12. Cierny JT, Unal ER, Flood P, Rhee KY, Praktish A, Olson TH, et al.
Maternal inflammatory markers and term labor performance. Am
J Obstet Gynecol 2014;210:447.e1–6.

13. Zackler A, Flood P, Dajao R, Maramara L, Goetzl L. Suspected
chorioamnionitis and myometrial contractility: mechanisms for
increased risk of cesarean delivery and postpartum hemorrhage.
Reprod Sci 2019;26:178–83.

14. Black LP, Hinson L, Duff P. Limited course of antibiotic treatment
for chorioamnionitis. Obstet Gynecol 2012;119:1102–5.

15. Wu YW, Escobar GJ, Grether JK, Croen LA, Greene JD, Newman TB.
Chorioamnionitis and cerebral palsy in term and near-term
infants. J Am Med Assoc 2003;290:2677–84.

16. DeNoble AE, Heine RP, Dotters-Katz SK. Chorioamnionitis and
infectious complications after vaginal delivery. Am J Perinatol
2019;36:1437–41.

17. Dotters-KatzSK, FeldmanC, Puechl A, Grotegut CA, HeineRP. Risk
factors for post-operative wound infection in the setting of
chorioamnionitis and cesarean delivery. J Matern Fetal Neonatal
Med 2016;29:1541–5.

18. Yoder PR, Gibbs RS, Blanco JD, Castaneda YS, St Clair PJ. A
prospective, controlled study of maternal and perinatal outcome
after intra-amniotic infection at term. Am J Obstet Gynecol 1983;
145:695–701.

19. YanceyMK, Duff P, Kubilis P, Clark P, Frentzen BH. Risk factors for
neonatal sepsis. Obstet Gynecol 1996;87:188–94.

20. Ladfors L, Tessin I, Mattsson LA, Eriksson M, Seeberg S, Fall O.
Risk factors for neonatal sepsis in offspring of women with

prelabor rupture of themembranes at 34-42 weeks. J Perinat Med
1998;26:94–101.

21. Rao S, Pavlova Z, Incerpi MH, Ramanathan R. Meconium-stained
amniotic fluid and neonatal morbidity in near-term and term
deliveries with acute histologic chorioamnionitis and/or
funisitis. J Perinatol 2001;21:537–40.

22. Randis TM, RiceMM,Myatt L, Tita ATN, LevenoKJ, ReddyUM, et al.
Incidence of early-onset sepsis in infants born to women with
clinical chorioamnionitis. J Perinat Med 2018;46:926–33.

23. Dell’OvoV,Rosenzweig J,Burd I,MerabovaN,DarbinianN,Goetzl L.
An animalmodel for chorioamnionitis at term. Am J Obstet Gynecol
2015;213:387 e1–10.

24. FreudA,Wainstock T, Sheiner E, BelooseskyR, Fischer L, LandauD,
et al. Maternal chorioamnionitis & long term neurological
morbidity in the offspring. Eur J Paediatr Neurol 2019;23:484–90.

25. RomeroR,Gomez-LopezN,WintersAD, Jung E,ShamanM,Bieda J,
et al. Evidence that intra-amniotic infections are often the result of
an ascending invasion – a molecular microbiological study. J
Perinat Med 2019;47:915–31.

26. Gibbs RS, Blanco JD, St Clair PJ, Castaneda YS. Quantitative
bacteriology of amniotic fluid from women with clinical
intraamniotic infection at term. J Infect Dis 1982;145:1–8.

27. Gilstrap LC, 3rd, Cox SM. Acute chorioamnionitis. Obstet Gynecol
Clin North Am 1989;16:373–9.

28. Willi MJ, Winkler M, Fischer DC, Reineke T, Maul H, Rath W.
Chorioamnionitis: elevated interleukin-6 and interleukin-8
concentrations in the lower uterine segment. J Perinat Med 2002;
30:292–6.

29. Lee SE, Romero R, Kim CJ, Shim SS, Yoon BH. Funisitis in term
pregnancy is associated with microbial invasion of the amniotic
cavity and intra-amniotic inflammation. J Matern Fetal Neonatal
Med 2006;19:693–7.

30. Redline RW. Inflammatory response in acute chorioamnionitis.
Semin Fetal Neonatal Med 2012;17:20–5.

31. Schiano MA, Hauth JC, Gilstrap LC , III. Second-stage fetal
tachycardia and neonatal infection. Am J Obstet Gynecol 1984;
148:779–81.

32. Coulter J, Turner M. Maternal fever in term labour in relation to
fetal tachycardia, cord artery acidaemia and neonatal infection.
Br J Obstet Gynaecol 1998;105:242.

33. Chaiworapongsa T, Romero R, Kim JC, Kim YM, Blackwell SC,
Yoon BH, et al. Evidence for fetal involvement in the pathologic
process of clinical chorioamnionitis. Am J Obstet Gynecol 2002;
186:1178–82.

34. Buhimschi CS, Abdel-Razeq S, Cackovic M, Pettker CM, Dulay AT,
Bahtiyar MO, et al. Fetal heart rate monitoring patterns in women
with amniotic fluid proteomic profiles indicative of inflammation.
Am J Perinatol 2008;25:359–72.

35. Romero R, Miranda J, Kusanovic JP, Chaiworapongsa T,
Chaemsaithong P, Martinez A, et al. Clinical chorioamnionitis at
term I: microbiology of the amniotic cavity using cultivation and
molecular techniques. J Perinat Med 2015;43:19–36.

36. Romero R, Chaemsaithong P, Korzeniewski SJ, Kusanovic JP,
DochevaN,Martinez-Varea A, et al. Clinical chorioamnionitis at term
III: howwell do clinical criteria perform in the identification of proven
intra-amniotic infection?. J Perinat Med 2016;44:23–32.

37. Romero R, Chaemsaithong P, Docheva N, Korzeniewski SJ,
Tarca AL, Bhatti G, et al. Clinical chorioamnionitis at term IV:
the maternal plasma cytokine profile. J Perinat Med 2016;44:
77–98.

Romero et al.: Clinical chorioamnionitis at term X 291



38. Romero R, Chaemsaithong P, Korzeniewski SJ, Tarca AL, Bhatti G,
Xu Z, et al. Clinical chorioamnionitis at term II: the intra-amniotic
inflammatory response. J Perinat Med 2016;44:5–22.

39. Martinez-Varea A, Romero R, Xu Y, Miller D, Ahmed AI,
Chaemsaithong P, et al. Clinical chorioamnionitis at term VII: the
amniotic fluid cellular immune response. J Perinat Med 2017;45:
523–38.

40. Gomez-Lopez N, Romero R, Maymon E, Kusanovic JP, Panaitescu B,
Miller D, et al. Clinical chorioamnionitis at term IX: in vivo evidence
of intra-amniotic inflammasome activation. J Perinat Med 2019;47:
276–87.

41. Romero R, ChaemsaithongP, DochevaN, KorzeniewskiSJ, TarcaAL,
Bhatti G, et al. Clinical chorioamnionitis at term V: umbilical cord
plasma cytokine profile in the context of a systemic maternal
inflammatory response. J Perinat Med 2016;44:53–76.

42. Maddipati KR, Romero R, Chaiworapongsa T, Chaemsaithong P,
Zhou SL, Xu Z, et al. Clinical chorioamnionitis at term: the
amniotic fluid fatty acyl lipidome. J Lipid Res 2016;57:1906–16.

43. CommitteeOpinionNo 700:methods for estimating the due date.
Obstet Gynecol 2017;129:e150–e4.

44. Gibbs RS, Dinsmoor MJ, Newton ER, Ramamurthy RS. A
randomized trial of intrapartum versus immediate postpartum
treatment of women with intra-amniotic infection. Obstet
Gynecol 1988;72:823–8.

45. Soper DE, Mayhall CG, Dalton HP. Risk factors for intraamniotic
infection: a prospective epidemiologic study. Am J Obstet
Gynecol 1989;161:562–6. discussion 6–8.

46. Newton ER, Prihoda TJ, Gibbs RS. Logistic regression analysis of
risk factors for intra-amniotic infection. Obstet Gynecol 1989;73:
571–5.

47. Curtin WM, Katzman PJ, Florescue H, Metlay LA. Accuracy of signs
of clinical chorioamnionitis in the term parturient. J Perinatol
2013;33:422–8.

48. Yoon BH, Romero R, Park JS, Kim M, Oh SY, Kim CJ, et al. The
relationship among inflammatory lesions of the umbilical cord
(funisitis), umbilical cord plasma interleukin 6 concentration,
amniotic fluid infection, and neonatal sepsis. Am J Obstet
Gynecol 2000;183:1124–9.

49. Wynn JL, Wong HR, Shanley TP, Bizzarro MJ, Saiman L, Polin RA.
Time for a neonatal-specific consensus definition for sepsis.
Pediatr Crit Care Med 2014;15:523–8.

50. Yoon BH, Romero R, Moon JB, Shim SS, Kim M, Kim G, et al.
Clinical significance of intra-amniotic inflammation in patients
with preterm labor and intact membranes. Am J Obstet Gynecol
2001;185:1130–6.

51. Kim KW, Romero R, Park HS, Park CW, Shim SS, Jun JK, et al. A
rapid matrix metalloproteinase-8 bedside test for the detection
of intraamniotic inflammation in women with preterm premature
rupture of membranes. Am J Obstet Gynecol 2007;197:292.e1–5.

52. DiGiulio DB, Romero R, Amogan HP, Kusanovic JP, Bik EM, Gotsch
F, et al. Microbial prevalence, diversity and abundance in
amniotic fluid during preterm labor: a molecular and culture-
based investigation. PLoS One 2008;3: e3056.

53. DiGiulio DB, Romero R, Kusanovic JP, Gomez R, Kim CJ, Seok KS,
et al. Prevalence and diversity of microbes in the amniotic fluid,
the fetal inflammatory response, and pregnancy outcome in
women with preterm pre-labor rupture of membranes. Am J
Reprod Immunol 2010;64:38–57.

54. DiGiulio DB, Gervasi M, Romero R, Mazaki-Tovi S, Vaisbuch E,
Kusanovic JP, et al. Microbial invasion of the amniotic cavity in

preeclampsia as assessed by cultivation and sequence-based
methods. J Perinat Med 2010;38:503–13.

55. DiGiulio DB, Gervasi MT, Romero R, Vaisbuch E, Mazaki-Tovi S,
Kusanovic JP, et al. Microbial invasion of the amniotic cavity in
pregnancies with small-for-gestational-age fetuses. J Perinat
Med 2010;38:495–502.

56. Romero R, Miranda J, Chaiworapongsa T, Chaemsaithong P,
Gotsch F, Dong Z, et al. Sterile intra-amniotic inflammation in
asymptomatic patients with a sonographic short cervix:
prevalence and clinical significance. J Matern Fetal Neonatal Med
2015;28:1343–59.

57. Romero R, Miranda J, Chaiworapongsa T, Korzeniewski SJ,
Chaemsaithong P, Gotsch F, et al. Prevalence and clinical
significance of sterile intra-amniotic inflammation in patients
with preterm labor and intact membranes. Am J Reprod Immunol
2014;72:458–74.

58. Romero R, Miranda J, Chaemsaithong P, Chaiworapongsa T,
Kusanovic JP, Dong Z, et al. Sterile and microbial-associated
intra-amniotic inflammation in preterm prelabor rupture of
membranes. J Matern Fetal Neonatal Med 2015;28:1394–409.

59. Romero R, Quintero R, Nores J, Avila C, MazorM, Hanaoka S, et al.
Amniotic fluid white blood cell count: a rapid and simple test to
diagnose microbial invasion of the amniotic cavity and predict
preterm delivery. Am J Obstet Gynecol 1991;165:821–30.

60. Romero R, Jimenez C, Lohda AK, Nores J, Hanaoka S, Avila C, et al.
Amniotic fluid glucose concentration: a rapid and simple method
for the detection of intraamniotic infection in preterm labor. Am J
Obstet Gynecol 1990;163:968–74.

61. Romero R, Emamian M, Quintero R, WanM, Hobbins JC, Mazor M,
et al. The value and limitations of the Gram stain examination in
the diagnosis of intraamniotic infection. Am J Obstet Gynecol
1988;159:114–9.

62. RedlineRW,Faye-PetersenO,HellerD,Qureshi F,Savell V, VoglerC,
et al. Amniotic infection syndrome: nosology and reproducibility of
placental reaction patterns. Pediatr Dev Pathol 2003;6:435–48.

63. Redline RW, Heller D, Keating S, Kingdom J. Placental diagnostic
criteria and clinical correlation – a workshop report. Placenta
2005;26(Suppl A):S114–7.

64. Redline RW. Placental pathology: a systematic approach with
clinical correlations. Placenta 2008;29(Suppl A):S86–91.

65. KimCJ, RomeroR, ChaemsaithongP,Chaiyasit N, YoonBH, KimYM.
Acute chorioamnionitis and funisitis: definition, pathologic
features, and clinical significance. Am J Obstet Gynecol 2015;213(4
Suppl):S29–52.

66. Khong TY, Mooney EE, Ariel I, Balmus NC, Boyd TK, Brundler MA,
et al. Sampling and definitions of placental lesions: Amsterdam
Placental Workshop Group Consensus Statement. Arch Pathol
Lab Med 2016;140:698–713.

67. Romero R, Kim YM, Pacora P, Kim CJ, Benshalom-Tirosh N, Jaiman
S, et al. The frequency and type of placental histologic lesions in
term pregnancies with normal outcome. J Perinat Med 2018;46:
613–30.

68. Kim CJ, Romero R, Kusanovic JP, Yoo W, Dong Z, Topping V, et al.
The frequency, clinical significance, and pathological features of
chronic chorioamnionitis: a lesion associated with spontaneous
preterm birth. Mod Pathol 2010;23:1000–11.

69. Eshoo MW, Crowder CC, Rebman AW, Rounds MA, Matthews HE,
Picuri JM, et al. Direct molecular detection and genotyping of
Borrelia burgdorferi fromwhole blood of patients with early Lyme
disease. PLoS One 2012;7: e36825.

292 Romero et al.: Clinical chorioamnionitis at term X



70. Shin JH, Ranken R, Sefers SE, Lovari R, Quinn CD, Meng S, et al.
Detection, identification, and distribution of fungi in
bronchoalveolar lavage specimens by use of multilocus PCR
coupled with electrospray ionization/mass spectrometry. J Clin
Microbiol 2013;51:136–41.

71. Eckert DJ, Sampath R, Li H, Massire C, Matthews HE, Toleno D,
et al. New technology for rapid molecular diagnosis of
bloodstream infections. Expert Rev Mol Diagn 2010;10:399–415.

72. Metzgar D, FrinderM, Lovari R, Toleno D,Massire C, Blyn LB, et al.
Broad-spectrum biosensor capable of detecting and identifying
diverse bacterial and Candida species in blood. J Clin Microbiol
2013;51:2670–8.

73. Romero R, Miranda J, Chaiworapongsa T, Chaemsaithong P,
Gotsch F, Dong Z, et al. A novel molecular microbiologic
technique for the rapid diagnosis of microbial invasion of the
amniotic cavity and intra-amniotic infection in preterm labor with
intact membranes. Am J Reprod Immunol 2014;71:330–58.

74. Burnham P, Gomez-Lopez N, Heyang M, Cheng AP, Lenz JS,
Dadhania DM, Lee JR, Suthanthiran M, Romero R, De Vlaminck I.
Separating the signal from the noise in metagenomic cell-free
DNA sequencing. Microbiome. 2020 Feb 11;8:18.

75. BrinkmanCL, Vergidis P, Uhl JR, Pritt BS, Cockerill FR, Steckelberg
JM, et al. PCR-electrospray ionization mass spectrometry for
direct detection of pathogens and antimicrobial resistance from
heart valves in patients with infective endocarditis. J Clin
Microbiol 2013;51:2040–6.

76. Hofstadler SA, Sampath R, Blyn LB, Eshoo MW, Hall TA, Jiang Y,
et al. TIGER: the universal biosensor. Int J Mass Spectrom 2005;
242:23–41.

77. Legoff J, Feghoul L, Mercier-Delarue S, Dalle JH, Scieux C, Cherot J,
et al. Broad-range PCR-electrospray ionization mass
spectrometry for detection and typing of adenovirus and other
opportunistic viruses in stem cell transplant patients. J Clin
Microbiol 2013;51:4186–92.

78. Romero R, Avila C, Santhanam U, Sehgal PB. Amniotic fluid
interleukin 6 in preterm labor. Association with infection. J Clin
Invest 1990;85:1392–400.

79. SanthanamU, Avila C, Romero R, Viguet H, Ida N, Sakurai S, et al.
Cytokines in normal and abnormal parturition: elevated amniotic
fluid interleukin-6 levels in women with premature rupture of
membranes associated with intrauterine infection. Cytokine
1991;3:155–63.

80. Romero R, SepulvedaW, Kenney JS, Archer LE, Allison AC, Sehgal
PB. Interleukin 6 determination in the detection of microbial
invasion of the amniotic cavity. Ciba Found Symp 1992;167:
205–20; discussion 220–3. https://doi.org/10.1002/
9780470514269.ch13.

81. Romero R, Yoon BH, Kenney JS, Gomez R, Allison AC, Sehgal PB.
Amniotic fluid interleukin-6 determinations are of diagnostic and
prognostic value in preterm labor. Am J Reprod Immunol 1993;30:
167–83.

82. Romero R, Yoon BH, Mazor M, Gomez R, DiamondMP, Kenney JS,
et al. The diagnostic and prognostic value of amniotic fluid white
blood cell count, glucose, interleukin-6, and gram stain in
patients with preterm labor and intact membranes. Am J Obstet
Gynecol 1993;169:805–16.

83. Romero R, YoonBH,MazorM, GomezR, Gonzalez R, DiamondMP,
et al. A comparative study of the diagnostic performance of
amniotic fluid glucose, white blood cell count, interleukin-6, and
gram stain in the detection of microbial invasion in patients with

preterm premature rupture of membranes. Am J Obstet Gynecol
1993;169:839–51.

84. Gomez R, Romero R, Galasso M, Behnke E, Insunza A, Cotton DB.
The value of amniotic fluid interleukin-6, white blood cell count,
and gram stain in the diagnosis of microbial invasion of the
amniotic cavity in patients at term. Am J Reprod Immunol 1994;
32:200–10.

85. Andrews WW, Hauth JC, Goldenberg RL, Gomez R, Romero R,
Cassell GH. Amniotic fluid interleukin-6: correlation with upper
genital tractmicrobial colonization and gestational age inwomen
delivered after spontaneous labor versus indicated delivery. Am J
Obstet Gynecol 1995;173:606–12.

86. Yoon BH, Romero R, Kim CJ, Jun JK, Gomez R, Choi JH, et al.
Amniotic fluid interleukin-6: a sensitive test for antenatal
diagnosis of acute inflammatory lesions of preterm placenta and
prediction of perinatal morbidity. Am J Obstet Gynecol 1995;172:
960–70.

87. Yoon BH, Romero R, Jun JK, Park KH, Park JD, Ghezzi F, et al.
Amniotic fluid cytokines (interleukin-6, tumor necrosis factor-
alpha, interleukin-1 beta, and interleukin-8) and the risk for the
development of bronchopulmonary dysplasia. Am J Obstet
Gynecol 1997;177:825–30.

88. Yoon BH, Romero R, Park JS, Chang JW, Kim YA, Kim JC, et al.
Microbial invasion of the amniotic cavity with Ureaplasma
urealyticum is associated with a robust host response in fetal,
amniotic, and maternal compartments. Am J Obstet Gynecol
1998;179:1254–60.

89. Yoon BH, Romero R, Moon JB, Oh SY, Han SY, Kim JC, et al. The
frequency and clinical significance of intra-amniotic
inflammation in patients with a positive cervical fetal fibronectin.
Am J Obstet Gynecol 2001;185:1137–42.

90. Yoon BH, Romero R, Lim JH, Shim SS, Hong JS, Shim JY, et al. The
clinical significance of detecting Ureaplasma urealyticum by the
polymerase chain reaction in the amniotic fluid of patients with
preterm labor. Am J Obstet Gynecol 2003;189:919–24.

91. Madan I, Romero R, Kusanovic JP, Mittal P, Chaiworapongsa T,
Dong Z, et al. The frequency and clinical significance of intra-
amniotic infection and/or inflammation in women with placenta
previa and vaginal bleeding: an unexpected observation. J
Perinat Med 2010;38:275–9.

92. Gervasi MT, Romero R, Bracalente G, Erez O, Dong Z, Hassan SS,
et al. Midtrimester amniotic fluid concentrations of interleukin-6
and interferon-gamma-inducible protein-10: evidence for
heterogeneity of intra-amniotic inflammation and associations
with spontaneous early (<32 weeks) and late (>32 weeks) preterm
delivery. J Perinat Med 2012;40:329–43.

93. Romero R, Kadar N, Miranda J, Korzeniewski SJ, Schwartz AG,
Chaemsaithong P, et al. The diagnostic performance of the
Mass Restricted (MR) score in the identification of microbial
invasion of the amniotic cavity or intra-amniotic inflammation
is not superior to amniotic fluid interleukin-6. J Matern Fetal
Neonatal Med 2014;27:757–69.

94. Committee Opinion No. 712: intrapartum management of
intraamniotic infection. Obstet Gynecol 2017;130:e95–e101.

95. Prevedourakis CN, Strigou-Charalabis E, Kaskarelis DB. Bacterial
invasion of amniotic cavity during pregnancy and labor. Obstet
Gynecol 1971;37:459–61.

96. Seong HS, Lee SE, Kang JH, Romero R, Yoon BH. The frequency of
microbial invasion of the amniotic cavity and histologic
chorioamnionitis in women at term with intact membranes in the

Romero et al.: Clinical chorioamnionitis at term X 293

https://doi.org/10.1002/9780470514269.ch13
https://doi.org/10.1002/9780470514269.ch13


presence or absence of labor. Am J Obstet Gynecol 2008;199:
375.e1-5.

97. Rowlands S, Danielewski JA, Tabrizi SN, Walker SP, Garland SM.
Microbial invasion of the amniotic cavity in midtrimester
pregnancies usingmolecularmicrobiology. Am J Obstet Gynecol
2017;217:71.e–1e5.

98. Lim ES, Rodriguez C, Holtz LR. Amniotic fluid from healthy term
pregnancies does not harbor a detectablemicrobial community.
Microbiome 2018;6:87.

99. Liu Y, Li X, Zhu B, Zhao H, Ai Q, Tong Y, et al. Midtrimester
amniotic fluid from healthy pregnancies has no
microorganisms using multiple methods of microbiologic
inquiry. Am J Obstet Gynecol 2020. https://doi.org/10.1016/j.
ajog.2020.01.056.

100. Burnham P, Gomez-Lopez N, Heyang M, Cheng AP, Lenz JS,
Dadhania DM, et al. Separating the signal from the noise in
metagenomic cell-free DNA sequencing.Microbiome2020;8:18.

101. Pace RM, Chu DM, Seferovic M,Meyer KM, Prince AL, Cox J, et al.
39: amniotic fluid contains detectable microbial DNA that
significantly differs from appropriate contamination controls.
Am J Obstet Gynecol 2019;220:S30–S1.

102. Stinson LF, Boyce MC, Payne MS, Keelan JA. The not-so-sterile
womb: evidence that the human fetus is exposed to bacteria
prior to birth. Front Microbiol 2019;10:1124.

103. Romero R, Nores J, Mazor M, Sepulveda W, Oyarzun E, Parra M,
et al.Microbial invasionof the amniotic cavity during term labor.
Prevalence and clinical significance. J Reprod Med 1993;38:
543–8.

104. Galask RP, Varner MW, Petzold CR, Wilbur SL. Bacterial
attachment to the chorioamniotic membranes. Am J Obstet
Gynecol 1984;148:915–28.

105. Talmi YP, Sigler L, Inge E, Finkelstein Y, Zohar Y. Antibacterial
properties of human amniotic membranes. Placenta 1991;12:
285–8.

106. Kjaergaard N, Hein M, Hyttel L, Helmig RB, Schonheyder HC,
Uldbjerg N, et al. Antibacterial properties of human amnion and
chorion in vitro. Eur J Obstet Gynecol Reprod Biol 2001;94:
224–9.

107. Espinoza J, Chaiworapongsa T, Romero R, Edwin S,
Rathnasabapathy C, Gomez R, et al. Antimicrobial peptides in
amniotic fluid: defensins, calprotectin and bacterial/
permeability-increasing protein in patients with microbial
invasion of the amniotic cavity, intra-amniotic inflammation,
preterm labor and premature rupture of membranes. J Matern
Fetal Neonatal Med 2003;13:2–21.

108. Heine RP, Wiesenfeld H, Mortimer L, Greig PC. Amniotic fluid
defensins: potential markers of subclinical intrauterine
infection. Clin Infect Dis 1998;27:513–8.

109. Soto E, Espinoza J, Nien JK, Kusanovic JP, Erez O, Richani K, et al.
Humanbeta-defensin-2: a natural antimicrobial peptide present
in amniotic fluid participates in the host response to microbial
invasion of the amniotic cavity. J Matern Fetal Neonatal Med
2007;20:15–22.

110. Varrey A, Romero R, Panaitescu B, Miller D, Chaiworapongsa T,
Patwardhan M, et al. Human beta-defensin-1: a natural
antimicrobial peptide present in amniotic fluid that is increased
in spontaneouspreterm laborwith intra-amniotic infection. Am J
Reprod Immunol 2018;80: e13031.

111. Para R, Romero R, Miller D, Panaitescu B, Varrey A,
Chaiworapongsa T, et al. Human beta-defensin-3

participates in intra-amniotic host defense in women with
labor at term, spontaneous preterm labor and intact
membranes, and preterm prelabor rupture of membranes. J
Matern Fetal Neonatal Med 2019:1–16. https://doi.org/10.
1080/14767058.2019.1597047.

112. Otsuki K, Yoda A, Saito H,Mitsuhashi Y, Toma Y, Shimizu Y, et al.
Amniotic fluid lactoferrin in intrauterine infection. Placenta
1999;20:175–9.

113. Pacora P, Maymon E, Gervasi MT, Gomez R, Edwin SS, Yoon BH,
et al. Lactoferrin in intrauterine infection, human parturition,
and rupture of fetal membranes. Am J Obstet Gynecol 2000;183:
904–10.

114. Gomez-Lopez N, Romero R, Xu Y, Miller D, Leng Y, Panaitescu B,
et al. The immunophenotype of amniotic fluid leukocytes in
normal and complicated pregnancies. Am J Reprod Immunol
2018;79: e12827.

115. Gomez-Lopez N, Romero R, Xu Y, Miller D, Arenas-Hernandez M,
Garcia-Flores V, et al. Fetal T cell activation in the amniotic cavity
during preterm labor: a potential mechanism for a subset of
idiopathic preterm birth. J Immunol 2019;203:1793–807.

116. Zervomanolakis I, Ott HW, Hadziomerovic D, Mattle V, Seeber BE,
Virgolini I, et al. Physiology of upward transport in the human
female genital tract. Ann N Y Acad Sci 2007;1101:1–20.

117. Romero R, Mazor M, Morrotti R, Avila C, Oyarzun E, Insunza A,
et al. Infection and labor. VII. Microbial invasion of the amniotic
cavity in spontaneous rupture of membranes at term. Am J
Obstet Gynecol 1992;166:129–33.

118. Romero R, Gomez R, Galasso M, Salafia C, Yoon BH, Behnke E,
et al. Is oligohydramnios a risk factor for infection in term
premature rupture of membranes?. Ultrasound Obstet Gynecol
1994;4:95–100.

119. Kusanovic JP, Vargas P, Ferrer F, Diaz F, Cordova V, Martinovic C,
et al. Comparison of two identification and susceptibility test
kits for Ureaplasma spp. and Mycoplasma hominis in amniotic
fluid of patients at high risk for intra-amniotic infection. JMatern
Fetal Neonatal Med 2019:1–9. https://doi.org/10.1080/
14767058.2019.1572742.

120. Gervasi M-T, Romero R, Bracalente G, Chaiworapongsa T, Erez O,
Dong Z, et al. Viral invasion of the amniotic cavity (VIAC) in the
midtrimester of pregnancy. J Matern Fetal Neonatal Med 2012;25:
2002–13.

121. KacerovskyM,RomeroR,PliskovaL,BolehovskaR,HornychovaH,
Matejkova A, et al. Presence of Chlamydia trachomatis DNA in the
amniotic fluid in women with preterm prelabor rupture of
membranes. J Matern Fetal Neonatal Med 2019:1–12. https://doi.
org/10.1080/14767058.2019.1640676.

122. Theis KR, Romero R, Motomura K, Galaz J, Winters AD, Pacora P,
et al. Microbial burden and inflammasome activation in
amniotic fluid of patients with preterm prelabor rupture of
membranes. J Perinat Med 2020;48:115–31.

123. Lee SE, Romero R, Park CW, Jun JK, Yoon BH. The frequency and
significance of intraamniotic inflammation in patients with
cervical insufficiency. Am J Obstet Gynecol 2008;198:633 e1–8.

124. RomeroR,Grivel JC, TarcaAL,ChaemsaithongP,XuZ, FitzgeraldW,
et al. Evidence of perturbations of the cytokine network in preterm
labor. Am J Obstet Gynecol 2015;213:836.e–1e18.

125. Gomez-Lopez N, Romero R, Panaitescu B, Leng Y, Xu Y, Tarca AL,
et al. Inflammasome activation during spontaneous preterm
labor with intra-amniotic infection or sterile intra-amniotic
inflammation. Am J Reprod Immunol 2018;80: e13049.

294 Romero et al.: Clinical chorioamnionitis at term X

https://doi.org/10.1016/j.ajog.2020.01.056
https://doi.org/10.1016/j.ajog.2020.01.056
https://doi.org/10.1080/14767058.2019.1597047
https://doi.org/10.1080/14767058.2019.1597047
https://doi.org/10.1080/14767058.2019.1572742
https://doi.org/10.1080/14767058.2019.1572742
https://doi.org/10.1080/14767058.2019.1640676
https://doi.org/10.1080/14767058.2019.1640676


126. Romero R, Mazor M, Brandt F, Sepulveda W, Avila C, Cotton DB,
et al. Interleukin-1 alpha and interleukin-1 beta in preterm and
term human parturition. Am J Reprod Immunol 1992;27:117–23.

127. Friel LA, Romero R, Edwin S, Nien JK, Gomez R, Chaiworapongsa T,
et al. The calcium binding protein, S100B, is increased in the
amniotic fluid of women with intra-amniotic infection/
inflammation and preterm labor with intact or ruptured
membranes. J Perinat Med 2007;35:385–93.

128. Gomez-Lopez N, Romero R, Plazyo O, Panaitescu B, Furcron AE,
Miller D, et al. Intra-amniotic administration of HMGB1 induces
spontaneous preterm labor and birth. Am J Reprod Immunol
2016;75:3–7.

129. Gomez-Lopez N, Romero R, Garcia-Flores V, Leng Y, Miller D,
Hassan SS, et al. Inhibition of the NLRP3 inflammasome can
prevent sterile intra-amniotic inflammation, preterm labor/birth,
and adverse neonatal outcomes. Biol Reprod 2019;100:1306–18.

130. Schwenkel G, Romero R, Slutsky R, Motomura K, Hsu CD,
Gomez-Lopez N. HSP70: an alarmin that does not induce high
rates of preterm birth but does cause adverse neonatal
outcomes. J Matern Fetal Neonatal Med 2020:1–9. https://doi.
org/10.1080/14767058.2019.1706470.

131. PeirisHN,RomeroR,VaswaniK,ReedS,Gomez-LopezN, TarcaAL,
et al. Preterm labor is characterized by a high abundance of
amniotic fluid prostaglandins in patients with intra-amniotic
infection or sterile intra-amniotic inflammation. J Matern Fetal
Neonatal Med 2019:1–16. https://doi.org/10.1080/14767058.
2019.1702953.

132. Fusi L, Steer PJ, Maresh MJ, Beard RW. Maternal pyrexia
associated with the use of epidural analgesia in labour. Lancet
1989;1:1250–2.

133. CamannWR, Hortvet LA, Hughes N, Bader AM, Datta S. Maternal
temperature regulation during extradural analgesia for labour.
Br J Anaesth 1991;67:565–8.

134. Lieberman E, Lang JM, Frigoletto F, Jr., Richardson DK, Ringer SA,
Cohen A. Epidural analgesia, intrapartum fever, and neonatal
sepsis evaluation. Pediatrics 1997;99:415–9.

135. Philip J, Alexander JM, SharmaSK, Leveno KJ,McIntire DD,Wiley J.
Epidural analgesia during labor and maternal fever.
Anesthesiology 1999;90:1271–5.

136. Marmor TR, Krol DM. Labor pain management in the United
States: understanding patterns and the issue of choice. Am J
Obstet Gynecol 2002;186(5 Suppl Nature):S173–80.

137. Eltzschig HK, Lieberman ES, Camann WR. Regional anesthesia
and analgesia for labor and delivery. N Engl J Med 2003;348:
319–32.

138. Segal S. Labor epidural analgesia and maternal fever. Anesth
Analg 2010;111:1467–75.

139. Goetzl L. Epidural analgesia and maternal fever: a clinical and
research update. Curr Opin Anaesthesiol 2012;25:292–9.

140. Greenwell EA, Wyshak G, Ringer SA, Johnson LC, Rivkin MJ,
LiebermanE. Intrapartum temperatureelevation, epidural use, and
adverse outcome in term infants. Pediatrics 2012;129:e447–54.

141. Goetzl L. Epidural fever in obstetric patients: it’s a hot topic.
Anesth Analg 2014;118:494–5.

142. Goetzl L, Evans T, Rivers J, Suresh MS, Lieberman E. Elevated
maternal and fetal serum interleukin-6 levels are associated
with epidural fever. Am J Obstet Gynecol 2002;187:834–8.

143. Sultan P, David AL, Fernando R, Ackland GL. Inflammation and
epidural-related maternal fever: proposed mechanisms. Anesth
Analg 2016;122:1546–53.

144. Steel JH, O’Donoghue K, Kennea NL, Sullivan MH, Edwards AD.
Maternal origin of inflammatory leukocytes in preterm fetal
membranes, shown by fluorescence in situ hybridisation.
Placenta 2005;26:672–7.

145. Gomez-Lopez N, Romero R, Xu Y, Leng Y, Garcia-Flores V, Miller D,
et al. Are amniotic fluid neutrophils in women with intraamniotic
infection and/or inflammation of fetal or maternal origin?. Am J
Obstet Gynecol 2017;217:693.e1–e16.

146. Gomez-Lopez N, Romero R, Leng Y, Xu Y, Slutsky R, Levenson D,
et al. The origin of amniotic fluid monocytes/macrophages in
women with intra-amniotic inflammation or infection. J Perinat
Med 2019;47:822–40.

147. Kim CJ, Yoon BH, Romero R, Moon JB, Kim M, Park SS, et al.
Umbilical arteritis and phlebitis mark different stages of the
fetal inflammatory response. Am J Obstet Gynecol 2001;185:
496–500.

148. Pacora P, Chaiworapongsa T, Maymon E, Kim YM, Gomez R,
Yoon BH, et al. Funisitis and chorionic vasculitis: the
histological counterpart of the fetal inflammatory response
syndrome. J Matern Fetal Neonatal Med 2002;11:18–25.

149. Romero R, Chaemsaithong P, Docheva N, Korzeniewski SJ,
Kusanovic JP, Yoon BH, et al. Clinical chorioamnionitis at term
VI: acute chorioamnionitis and funisitis according to the
presenceor absenceofmicroorganismsand inflammation in the
amniotic cavity. J Perinat Med 2016;44:33–51.

150. Plazyo O, Romero R, Unkel R, Balancio A, Mial TN, Xu Y, et al.
HMGB1 induces an inflammatory response in the chorioamniotic
membranes that is partially mediated by the inflammasome.
Biol Reprod 2016;95:2.

151. Haddad R, Tromp G, Kuivaniemi H, Chaiworapongsa T, Kim YM,
Mazor M, et al. Human spontaneous labor without histologic
chorioamnionitis is characterized by an acute inflammation
gene expression signature. Am J Obstet Gynecol 2006;195:394
e1–24.

152. Gotsch F, Romero R, Chaiworapongsa T, Erez O, Vaisbuch E,
Espinoza J, et al. Evidence of the involvement of caspase-1 under
physiologic and pathologic cellular stress during human
pregnancy: a link between the inflammasome and parturition. J
Matern Fetal Neonatal Med 2008;21:605–16.

153. Gomez-Lopez N, Romero R, Xu Y, Garcia-Flores V, Leng Y,
Panaitescu B, et al. Inflammasome assembly in the
chorioamniotic membranes during spontaneous labor at term.
Am JReprod Immunol 2017;77. https://doi.org/10.1111/aji.12648.

154. Romero R, Xu Y, Plazyo O, Chaemsaithong P, Chaiworapongsa T,
Unkel R, et al. A role for the inflammasome in spontaneous labor
at term. Am J Reprod Immunol 2018;79: e12440.

155. PanaitescuB, Romero R, Gomez-LopezN, XuY, Leng Y,MaymonE,
et al. In vivo evidence of inflammasome activation during
spontaneous labor at term. J Matern Fetal Neonatal Med 2018:
1–311.

156. Gomez-Lopez N, Romero R, Panaitescu B, Miller D, Zou C,
Gudicha DW, et al. Gasdermin D: in vivo evidence of pyroptosis
in spontaneous labor at term. JMatern Fetal NeonatalMed 2019:
1–11. https://doi.org/10.1080/14767058.2019.1610740.

157. Gomez-Lopez N, Motomura K, Miller D, Garcia-Flores V, Galaz J,
RomeroR. Inflammasomes: their role in normal and complicated
pregnancies. J Immunol 2019;203:2757–69.

158. Shevell A, Wintermark P, Benini R, Shevell M, Oskoui M.
Chorioamnionitis and cerebral palsy: lessons from a patient
registry. Eur J Paediatr Neurol 2014;18:301–7.

Romero et al.: Clinical chorioamnionitis at term X 295

https://doi.org/10.1080/14767058.2019.1706470
https://doi.org/10.1080/14767058.2019.1706470
https://doi.org/10.1080/14767058.2019.1702953
https://doi.org/10.1080/14767058.2019.1702953
https://doi.org/10.1111/aji.12648
https://doi.org/10.1080/14767058.2019.1610740


159. Burd I, Balakrishnan B, Kannan S. Models of fetal brain injury,
intrauterine inflammation, and preterm birth. Am J Reprod
Immunol 2012;67:287–94.

160. Elovitz MA, Brown AG, Breen K, Anton L, Maubert M, Burd I.
Intrauterine inflammation, insufficient to induce parturition,
still evokes fetal and neonatal brain injury. Int J Dev Neurosci
2011;29:663–71.

161. Lawrence SM, Wynn JL. Chorioamnionitis, IL-17A, and fetal
origins of neurologic disease. Am J Reprod Immunol 2018;79:
e12803.

162. Yellowhair TR, Noor S, Maxwell JR, Anstine CV, Oppong AY,
Robinson S, et al. Preclinical chorioamnionitis dysregulates
CXCL1/CXCR2 signaling throughout the placental-fetal-brain
axis. Exp Neurol 2018;301:110–9.

163. Smulian JC, Shen-Schwarz S, Vintzileos AM, Lake MF, Ananth CV.
Clinical chorioamnionitis and histologic placental inflammation.
Obstet Gynecol 1999;94:1000–5.

164. Peltier MR, Drobek CO, Bhat G, Saade G, Fortunato SJ, Menon
R. Amniotic fluid and maternal race influence responsiveness
of fetal membranes to bacteria. J Reprod Immunol 2012;96:
68–78.

165. Bhat G, PeltierMR, Syed TA, DrobekCO, SaadeG,MenonR. Fetal
membrane biomarker network diversity and disease functions
induced by intra-amniotic pathogens. Am J Reprod Immunol
2013;69:124–33.

166. Mayer DC, Chescheir NC, Spielman FJ. Increased intrapartum
antibiotic administration associated with epidural analgesia in
labor. Am J Perinatol 1997;14:83–6.

167. Goetzl L, Cohen A, Frigoletto F, Jr., Lang JM, Lieberman E.
Maternal epidural analgesia and rates of maternal antibiotic
treatment in a low-risk nulliparous population. J Perinatol 2003;
23:457–61.

168. Apantaku O, Mulik V. Maternal intra-partum fever. J Obstet
Gynaecol 2007;27:12–5.

169. Vinson DC, Thomas R, Kiser T. Association between epidural
analgesia during labor and fever. J Fam Pract 1993;36:
617–22.

170. Herbst A, Wølner-Hanssen P, Ingemarsson I. Risk factors for
fever in labor. Obstet Gynecol 1995;86:790–4.

171. Pleasure JR, Stahl GE. Epidural analgesia and neonatal fever.
Pediatrics 1998;101:490. author reply 3–4.

172. Yancey MK, Zhang J, Schwarz J, Dietrich CS , 3rd, Klebanoff M.
Labor epidural analgesia and intrapartum maternal
hyperthermia. Obstet Gynecol 2001;98:763–70.

173. Goetzl L, Cohen A, Frigoletto F , Jr., Ringer SA, Lang JM,
Lieberman E. Maternal epidural use and neonatal sepsis
evaluation in afebrile mothers. Pediatrics 2001;108:1099–102.

174. Klaus MH, Kennell JH. Mothers separated from their newborn
infants. Pediatr Clin North Am 1970;17:1015–37.

175. Kratochvil MS, Robertson CM, Kyle JM. Parents’ view of parent-
child relationship eight years after neonatal intensive care. Soc
Work Health Care 1991;16:95–118.

176. Slonim AD, Patel KM, Ruttimann UE, Pollack MM. The impact of
prematurity: a perspective of pediatric intensive care units. Crit
Care Med 2000;28:848–53.

177. Placencia FX, McCullough LB. Biopsychosocial risks of parental
care for high-risk neonates: implications for evidence-based
parental counseling. J Perinatol 2012;32:381–6.

178. Lee SM, Romero R, Park JS, Chaemsaithong P, Jun JK, Yoon BH. A
transcervical amniotic fluid collector: a new medical device for

the assessment of amniotic fluid in patients with ruptured
membranes. J Perinat Med 2015;43:381–9.

179. Martin R, Makino H, Cetinyurek Yavuz A, Ben-Amor K, Roelofs M,
Ishikawa E, et al. Early-life events, including mode of delivery
and type of feeding, siblings and gender, shape the developing
gut microbiota. PLoS One 2016;11: e0158498.

180. Stearns JC, Simioni J, Gunn E, McDonald H, Holloway AC,
Thabane L, et al. Intrapartum antibiotics for GBS prophylaxis
alter colonization patterns in the early infant gut microbiome of
low risk infants. Sci Rep 2017;7:16527.

181. Nogacka A, Salazar N, Suárez M, Milani C, Arboleya S, Solís G,
et al. Impact of intrapartum antimicrobial prophylaxis upon the
intestinalmicrobiota and the prevalence of antibiotic resistance
genes in vaginally delivered full-term neonates. Microbiome
2017;5:93.

182. Milliken S, Allen RM, Lamont RF. The role of antimicrobial
treatment during pregnancy on the neonatal gut microbiome
and the development of atopy, asthma, allergy and obesity in
childhood. Expert Opin Drug Saf 2019;18:173–85.

183. ZhangM, DifferdingMK, Benjamin-Neelon SE, Østbye T, Hoyo C,
Mueller NT. Association of prenatal antibiotics withmeasures of
infant adiposity and the gut microbiome. Ann Clin Microbiol
Antimicrob 2019;18:18.

184. Romero R, Garite TJ. Twenty percent of very preterm neonates
(23-32 weeks of gestation) are born with bacteremia caused by
genital Mycoplasmas. Am J Obstet Gynecol 2008;198:1–3.

185. Braun D, Bromberger P, Ho NJ, Getahun D. Low rate of perinatal
sepsis in term infants of mothers with chorioamnionitis. Am J
Perinatol 2016;33:143–50.

186. Towers CV, Yates A, Zite N, Smith C, Chernicky L, Howard B.
Incidence of fever in labor and risk of neonatal sepsis. Am J
Obstet Gynecol 2017;216:596 e1–e5.

187. Goldenberg RL, Andrews WW, Goepfert AR, Faye-Petersen O,
Cliver SP, Carlo WA, et al. The Alabama Preterm Birth Study:
umbilical cord blood Ureaplasma urealyticum and Mycoplasma
hominis cultures in very preterm newborn infants. Am J Obstet
Gynecol 2008;198:43 e1–5.

188. CassellGH,DavisRO,WaitesKB,BrownMB,Marriott PA,StagnoS,
et al. Isolation of Mycoplasma hominis and Ureaplasma
urealyticum from amniotic fluid at 16-20 weeks of gestation:
potential effect on outcome of pregnancy. Sex Transm Dis 1983;
10(4 Suppl):294–302.

189. Kim M, Kim G, Romero R, Shim SS, Kim EC, Yoon BH. Biovar
diversity of Ureaplasma urealyticum in amniotic fluid:
distribution, intrauterine inflammatory response andpregnancy
outcomes. J Perinat Med 2003;31:146–52.

190. Jacobsson B, Aaltonen R, Rantakokko-Jalava K, Morken NH,
Alanen A. Quantification of Ureaplasma urealyticum DNA in the
amnioticfluid frompatients in PTL andpPROMand its relation to
inflammatory cytokine levels. Acta Obstet Gynecol Scand 2009;
88:63–70.

191. Oh KJ, Lee KA, Sohn YK, Park CW, Hong JS, Romero R, et al.
Intraamniotic infection with genital mycoplasmas exhibits a
more intense inflammatory response than intraamniotic
infection with other microorganisms in patients with preterm
premature rupture of membranes. Am J Obstet Gynecol 2010;
203:211.e1–8.

192. Kacerovsky M, Pliskova L, Bolehovska R, Skogstrand K,
Hougaard DM, Tsiartas P, et al. The impact of the microbial load
of genital mycoplasmas and gestational age on the intensity of

296 Romero et al.: Clinical chorioamnionitis at term X



intraamniotic inflammation. Am J Obstet Gynecol 2012;206:
342.e1–8.

193. Kacerovsky M, Celec P, Vlkova B, Skogstrand K, Hougaard DM,
Cobo T, et al. Amniotic fluid protein profiles of intraamniotic
inflammatory response to Ureaplasma spp. and other bacteria.
PLoS One 2013;8: e60399.

194. Sweeney EL, Kallapur SG, Gisslen T, Lambers DS, Chougnet CA,
Stephenson SA, et al. Placental infection with Ureaplasma
species is associated with histologic chorioamnionitis and
adverse outcomes in moderately preterm and late-preterm
infants. J Infect Dis 2016;213:1340–7.

195. Oh KJ, Romero R, Park JY, Hong JS, Yoon BH. The earlier the
gestational age, the greater the intensity of the intra-amniotic
inflammatory response in women with preterm premature
rupture of membranes and amniotic fluid infection by
Ureaplasma species. J Perinat Med 2019;47:516–27.

196. Gultekin-Elbir EE, Genc MR. Tinker, tailor, infection,
inflammation. J Perinat Med 2019;47:259–61.

197. Aaltonen R, Heikkinen J, Vahlberg T, Jensen JS, Alanen A. Local
inflammatory response in choriodecidua induced by
Ureaplasma urealyticum. BJOG 2007;114:1432–5.

198. Quinn PA, Gillan JE, Markestad T, St JohnMA, Daneman A, Lie KI,
et al. Intrauterine infection with Ureaplasma urealyticum as a
cause of fatal neonatal pneumonia. Pediatr Infect Dis 1985;4:
538–43.

199. Waites KB, Crouse DT, Philips JB, 3rd, Canupp KC, Cassell GH.
Ureaplasmal pneumonia and sepsis associated with persistent
pulmonaryhypertensionof thenewborn. Pediatrics 1989;83:79–85.

200. Brus F, van Waarde WM, Schoots C, Oetomo SB. Fatal
ureaplasmal pneumonia and sepsis in a newborn infant. Eur J
Pediatr 1991;150:782–3.

201. Morioka I, Fujibayashi H, Enoki E, Yokoyama N, Yokozaki H,
Matsuo M. Congenital pneumonia with sepsis caused by
intrauterine infection of Ureaplasma parvum in a term newborn:
a first case report. J Perinatol 2010;30:359–62.

202. Waites KB, Duffy LB, Crouse DT, Dworsky ME, Strange MJ,
Nelson KG, et al. Mycoplasmal infections of cerebrospinal fluid
in newborn infants from a community hospital population.
Pediatr Infect Dis J 1990;9:241–5.

203. Stahelin-Massik J, Levy F, Friderich P, Schaad UB. Meningitis
caused by Ureaplasma urealyticum in a full term neonate.
Pediatr Infect Dis J 1994;13:419–21.

204. Biran V, Dumitrescu AM, Doit C, Gaudin A, Bebear C, Boutignon H,
et al. Ureaplasma parvum meningitis in a full-term newborn.
Pediatr Infect Dis J 2010;29:1154.

205. Gewitz M, Dinwiddie R, Rees L, Volikas O, Yuille T, O’Connell B,
et al. Mycoplasma hominis. A cause of neonatal meningitis.
Arch Dis Child 1979;54:231–3.

206. Alonso-Vega C, Wauters N, Vermeylen D, Muller MF, Serruys E. A
fatal caseofMycoplasmahominismeningoencephalitis in a full-
term newborn. J Clin Microbiol 1997;35:286–7.

207. Knausz M, Niederland T, Dosa E, Rozgonyi F. Meningo-
encephalitis in a neonate caused by maternal Mycoplasma
hominis treated successfully with chloramphenicol. J Med
Microbiol 2002;51:187–8.

208. Rao RP, Ghanayem NS, Kaufman BA, Kehl KS, Gregg DC, Chusid
MJ. Mycoplasma hominis and Ureaplasma species brain
abscess in a neonate. Pediatr Infect Dis J 2002;21:1083–5.

209. Wolthers KC, Kornelisse RF, Platenkamp G, Schuurman-
van der Lem MI, van der Schee C, Hartwig NG, et al. A case of

Mycoplasma hominis meningo-encephalitis in a full-term
infant: rapid recovery after start of treatment with ciprofloxacin.
Eur J Pediatr 2003;162:514–6.

210. Hata A, Honda Y, AsadaK, Sasaki Y, Kenri T, Hata D.Mycoplasma
hominismeningitis in a neonate: case report and review. J Infect
2008;57:338–43.

211. KafetzisDA, Skevaki CL, Skouteri V,Gavrili S, PeppaK,KostalosC,
et al. Maternal genital colonization with Ureaplasma urealyticum
promotes preterm delivery: association of the respiratory
colonization of premature infants with chronic lung disease and
increased mortality. Clin Infect Dis 2004;39:1113–22.

212. Hassan S, Romero R, Hendler I, Gomez R, Khalek N, Espinoza J,
et al. A sonographic short cervix as the only clinical
manifestation of intra-amniotic infection. J Perinat Med 2006;
34:13–9.

213. Vaisbuch E, Hassan SS, Mazaki-Tovi S, Nhan-Chang CL,
Kusanovic JP, Chaiworapongsa T, et al. Patients with an
asymptomatic short cervix (<or=15 mm) have a high rate of
subclinical intraamniotic inflammation: implications for patient
counseling. Am J Obstet Gynecol 2010;202:433 e1–8.

214. Bujold E, Morency AM, Rallu F, Ferland S, Tetu A, Duperron L,
et al. Bacteriology of amniotic fluid in women with suspected
cervical insufficiency. J Obstet Gynaecol Can 2008;30:882–7.

215. Oh KJ, Lee SE, Jung H, Kim G, Romero R, Yoon BH. Detection of
ureaplasmas by the polymerase chain reaction in the amniotic
fluid of patients with cervical insufficiency. J Perinat Med 2010;
38:261–8.

216. Gomez R, Romero R, Nien JK, Medina L, Carstens M, Kim YM,
et al. Idiopathic vaginal bleeding during pregnancy as the only
clinical manifestation of intrauterine infection. J Matern Fetal
Neonatal Med 2005;18:31–7.

217. Romero R, Sirtori M, Oyarzun E, Avila C, Mazor M, Callahan R,
et al. Infection and labor. V. Prevalence, microbiology, and
clinical significance of intraamniotic infection in women with
preterm labor and intactmembranes. Am JObstet Gynecol 1989;
161:817–24.

218. Skoll MA, Moretti ML, Sibai BM. The incidence of positive
amniotic fluid cultures in patients preterm labor with intact
membranes. Am J Obstet Gynecol 1989;161:813–6.

219. Shim S, Yoon BH, Romero R, Shim J, Kim G, Jung H, et al. The
clinical significance of detecting Ureaplasma urealyticum by
PCR in the amniotic fluid of patients with preterm labor and
intact membranes. Am J Obstet Gynecol 2003;187:S129.

220. Gomez R, Romero R, Nien JK, Chaiworapongsa T, Medina L,
Kim YM, et al. A short cervix in women with preterm labor and
intact membranes: a risk factor for microbial invasion of the
amniotic cavity. Am J Obstet Gynecol 2005;192:678–89.

221. Espinoza J, Goncalves LF, Romero R, Nien JK, Stites S, Kim YM,
et al. The prevalence and clinical significance of amniotic fluid
‘sludge’ in patients with preterm labor and intact membranes.
Ultrasound Obstet Gynecol 2005;25:346–52.

222. Kim BJ, Romero R, Mi Lee S, Park CW, Shin Park J, Jun JK, et al.
Clinical significance of oligohydramnios in patients with preterm
labor and intact membranes. J Perinat Med 2011;39:131–6.

223. Combs CA, Gravett M, Garite TJ, Hickok DE, Lapidus J, Porreco R,
et al. Amniotic fluid infection, inflammation, and colonization in
preterm labor with intact membranes. Am J Obstet Gynecol
2014;210:125.e1–e15.

224. Romero R, Quintero R, Oyarzun E, Wu YK, Sabo V,Mazor M, et al.
Intraamniotic infection and the onset of labor in preterm

Romero et al.: Clinical chorioamnionitis at term X 297



premature rupture of the membranes. Am J Obstet Gynecol
1988;159:661–6.

225. Romero R, Ghidini A, Mazor M, Behnke E. Microbial invasion of
the amniotic cavity in premature rupture of membranes. Clin
Obstet Gynecol 1991;34:769–78.

226. Averbuch B, Mazor M, Shoham-Vardi I, Chaim W, Vardi H,
Horowitz S, et al. Intra-uterine infection in women with preterm
premature rupture of membranes: maternal and neonatal
characteristics. Eur J Obstet Gynecol Reprod Biol 1995;62:25–9.

227. Jacobsson B, Mattsby-Baltzer I, Andersch B, Bokstrom H, Holst
RM, Nikolaitchouk N, et al. Microbial invasion and cytokine
response in amniotic fluid in a Swedish population of women
with preterm prelabor rupture of membranes. Acta Obstet
Gynecol Scand 2003;82:423–31.

228. Shim SS, Romero R, Hong JS, Park CW, Jun JK, Kim BI, et al.
Clinical significance of intra-amniotic inflammation in patients
with preterm premature rupture of membranes. Am J Obstet
Gynecol 2004;191:1339–45.

229. Witt A, Berger A, Gruber CJ, Petricevic L, Apfalter P, Worda C,
et al. Increased intrauterine frequency of Ureaplasma
urealyticum in women with preterm labor and preterm
premature rupture of the membranes and subsequent cesarean
delivery. Am J Obstet Gynecol 2005;193:1663–9.

230. Cobo T, Kacerovsky M, Palacio M, Hornychova H, Hougaard DM,
Skogstrand K, et al. Intra-amniotic inflammatory response in
subgroups of women with preterm prelabor rupture of the
membranes. PLoS One 2012;7:e43677.

231. KacerovskyM,Musilova I, Khatibi A, Skogstrand K, Hougaard DM,
Tambor V, et al. Intraamniotic inflammatory response to bacteria:
analysisofmultipleamnioticfluidproteins inwomenwithpreterm
prelabor rupture of membranes. J Matern Fetal Neonatal Med
2012;25:2014–9.

232. Kacerovsky M, Musilova I, Andrys C, Hornychova H, Pliskova L,
Kostal M, et al. Prelabor rupture of membranes between 34 and
37 weeks: the intraamniotic inflammatory response and
neonatal outcomes. Am J Obstet Gynecol 2014;210:325.e1–e10.

233. Galaz J, RomeroR,SlutskyR,XuY,MotomuraK,ParaR, et al. Cellular
immune responses in amniotic fluid of women with preterm
prelabor rupture of membranes. J Perinat Med 2020;48:222–33.

234. KimSK,RomeroR,Kusanovic JP, ErezO,VaisbuchE,Mazaki-ToviS,
et al. The prognosis of pregnancy conceived despite the presence
of an intrauterine device (IUD). J Perinat Med 2010;38:45–53.

235. Andrews WW, Shah SR, Goldenberg RL, Cliver SP, Hauth JC,
Cassell GH. Association of post-cesarean delivery endometritis
with colonization of the chorioamnion by Ureaplasma
urealyticum. Obstet Gynecol 1995;85:509–14.

236. Tita AT, Hauth JC, Grimes A, Owen J, Stamm AM, Andrews WW.
Decreasing incidence of postcesarean endometritis with
extended-spectrum antibiotic prophylaxis. Obstet Gynecol
2008;111:51–6.

237. Tita ATN, Szychowski JM, Boggess K, Saade G, Longo S, Clark E,
et al. Adjunctive azithromycin prophylaxis for cesareandelivery.
N Engl J Med 2016;375:1231–41.

238. Waites KB, Katz B, Schelonka RL. Mycoplasmas and ureaplasmas
as neonatal pathogens. Clin Microbiol Rev 2005;18:757–89.

239. Tantengco OAG, Yanagihara I. Current understanding and
treatment of intra-amniotic infection with Ureaplasma spp. J
Obstet Gynaecol Res 2019;45:1796–808.

240. Beeton ML, Chalker VJ, Jones LC, Maxwell NC, Spiller OB.
Antibiotic resistance among clinical Ureaplasma isolates
recovered from neonates in England and Wales between 2007
and 2013. Antimicrob Agents Chemother 2016;60:52–6.

241. Koh E, Kim S, Kim I-S, Maeng K-Y, Lee S. Antimicrobial
susceptibilities of Ureaplasma urealyticum and Mycoplasma
hominis in pregnant women. Korean J Clin Microbiol 2009;12:
159–62.

242. Abdel Rahman SM, Hassan RA, Sakna NA. Antimicrobial
susceptibility pattern of genital Mycoplasmas among a group of
pregnant women. Alexandria J Med 2016;52:353–8.

243. Lee MY, Kim MH, Lee WI, Kang SY, Jeon YL. Prevalence and
antibiotic susceptibility of Mycoplasma hominis and
Ureaplasmaurealyticum in pregnantwomen. YonseiMed J 2016;
57:1271–5.

244. Witt A, Sommer EM, Cichna M, Postlbauer K, Widhalm A,
Gregor H, et al. Placental passage of clarithromycin surpasses
other macrolide antibiotics. Am J Obstet Gynecol 2003;188:
816–9.

245. De Francesco MA, Caracciolo S, Bonfanti C, Manca N. Incidence
and antibiotic susceptibility of Mycoplasma hominis and
Ureaplasma urealyticum isolated in Brescia, Italy, over 7 years. J
Infect Chemother 2013;19:621–7.

246. Romero R, Scioscia AL, Edberg SC, Hobbins JC. Use of parenteral
antibiotic therapy to eradicate bacterial colonization of
amniotic fluid in premature rupture of membranes. Obstet
Gynecol 1986;67(3 Suppl):15s–7s.

247. Romero R, Hagay Z, Nores J, Sepulveda W, Mazor M. Eradication
of Ureaplasma urealyticum from the amniotic fluid with
transplacental antibiotic treatment. Am J Obstet Gynecol 1992;
166:618–20.

248. Mazor M, Chaim W, Horowitz S, Leiberman JR, Glezerman M.
Successful treatment of preterm labour by eradication of
Ureaplasma urealyticum with erythromycin. Arch Gynecol
Obstet 1993;253:215–8.

249. Lee J, Romero R, Kim SM, Chaemsaithong P, Yoon BH. A new
antibiotic regimen treats and prevents intra-amniotic
inflammation/infection in patients with pretermPROM. J Matern
Fetal Neonatal Med 2016;29:2727–37.

250. Lee J, Romero R, Kim SM, Chaemsaithong P, Park CW, Park JS,
et al. A new anti-microbial combination prolongs the latency
period, reduces acute histologic chorioamnionitis as well as
funisitis, and improves neonatal outcomes in preterm PROM. J
Matern Fetal Neonatal Med 2016;29:707–20.

251. Yoon BH, Romero R, Park JY, Oh KJ, Lee J, Conde-Agudelo A, et al.
Antibiotic administration can eradicate intra-amniotic infection
or intra-amniotic inflammation in a subset of patients with
preterm labor and intactmembranes. Am J Obstet Gynecol 2019;
221:142.e1–e22.

252. Oh KJ, Romero R, Park JY, Lee J, Conde-Agudelo A, Hong JS, et al.
Evidence that antibiotic administration is effective in the
treatment of a subset of patients with intra-amniotic infection/
inflammation presentingwith cervical insufficiency. Am J Obstet
Gynecol 2019;221:140.e1–e18.

253. KacerovskyM, Romero R, StepanM, Stranik J, Maly J, Pliskova L,
et al. Antibiotic administration reduces the rate of intraamniotic
inflammation in pretermprelabor rupture of themembranes. Am
J Obstet Gynecol 2020;223:114.e1–e20.

298 Romero et al.: Clinical chorioamnionitis at term X


	Clinical chorioamnionitis at term X: Microbiology, clinical signs, placental pathology, and neonatal bacteremia - Implications for clinical care
	Recommended Citation
	Authors

	Clinical chorioamnionitis at term X: microbiology, clinical signs, placental pathology, and neonatal bacteremia – implicati ...
	Introduction
	Materials and methods
	Study population
	Clinical definitions
	Sample collection
	Placental histopathologic examination
	Detection of microorganisms utilizing cultivation and molecular microbiologic methods
	Determination of IL-6 in amniotic fluid
	Statistical analysis

	Results
	Characteristics of the study population
	Microorganisms detected in the samples of amniotic fluid
	Intra-amniotic inflammatory response in patients with clinical chorioamnionitis
	Accuracy of clinical criteria for a diagnosis of clinical chorioamnionitis
	Neonatal bacteremia in patients with clinical chorioamnionitis
	Placental pathologic findings (acute histologic chorioamnionitis and funisitis)

	Discussion
	Principal findings of the study
	Results in the context of what is known
	Amniotic fluid from women not in labor does not contain bacteria
	Spontaneous labor at term even with intact membranes increases the risk of microbial invasion by bacteria in the amniotic c ...
	Ruptured membranes are a risk factor of intra-amniotic infection
	Intra-amniotic infection in clinical chorioamnionitis at term
	Sterile intra-amniotic inflammation in clinical chorioamnionitis at term
	Clinical chorioamnionitis in the absence of intra-amniotic inflammation or microorganisms
	Patients with microorganisms in the amniotic cavity without evidence of intra-amniotic inflammation
	Placental histopathologic examination in clinical chorioamnionitis at term
	Clinical signs of chorioamnionitis have limited accuracy in identifying intra-amniotic infection
	Neonatal bacteremia in clinical chorioamnionitis at term
	The role of genital mycoplasmas in intra-amniotic infection and its implications for antimicrobial therapy
	Current recommendations for the treatment of clinical chorioamnionitis


	Strengths and limitations of the current study
	Conclusions
	References

