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Abstract

Background: The link between histologic acute chorioamnionitis and infection is well established in preterm deliveries, but
less well-studied in term pregnancies, where infection is much less common.

Methodology/Principal Findings: We conducted a secondary analysis among 195 low-risk women with term pregnancies
enrolled in a randomized trial. Histologic and microbiologic evaluation of placentas included anaerobic and aerobic cultures
(including mycoplasma/ureaplasma species) as well as PCR. Infection was defined as $1,000 cfu of a single known
pathogen or a $2 log difference in counts for a known pathogen versus other organisms in a mixed culture. Placental
membranes were scored and categorized as: no chorioamnionitis, Grade 1 (subchorionitis and patchy acute
chorioamnionitis), or Grade 2 (severe, confluent chorioamnionitis). Grade 1 or grade 2 histologic chorioamnionitis was
present in 34% of placentas (67/195), but infection was present in only 4% (8/195). Histologic chorioamnionitis was strongly
associated with intrapartum fever .38uC [69% (25/36) fever, 26% (42/159) afebrile, P,.0001]. Fever occurred in 18% (n = 36)
of women. Most febrile women [92% (33/36)] had received epidural for pain relief, though the association with fever was
present with and without epidural. The association remained significant in a logistic regression controlling for potential
confounders (OR = 5.8, 95% CI = 2.2,15.0). Histologic chorioamnionitis was also associated with elevated serum levels of
interleukin-8 (median = 1.3 pg/mL no histologic chorioamnionitis, 1.5 pg/mL Grade 1, 2.1 pg/mL Grade 2, P = 0.05) and
interleukin-6 (median levels = 2.2 pg/mL no chorioamnionitis, 5.3 pg/mL Grade 1, 24.5 pg/mL Grade 2, P = 0.02) at
admission for delivery as well as higher admission WBC counts (mean = 12,000cells/mm3 no chorioamnionitis, 13,400cells/
mm3 Grade 1, 15,700cells/mm3 Grade 2, P = 0.0005).

Conclusion/Significance: Our results suggest histologic chorioamnionitis at term most often results from a noninfectious
inflammatory process. It was strongly associated with fever, most of which was related to epidural used for pain relief. A
more ‘activated’ maternal immune system at admission was also associated with histologic chorioamnionitis.
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Introduction

It has long been believed that the histologic diagnosis of acute

chorioamnionitis is inextricably linked with infection [1–3]. The

connection has been well established when histologic chorioam-

nionitis is seen in preterm placentas with many studies

demonstrating a high association with documented infections [4–

6]. These studies have used a variety of techniques to document

true infection including cultures of amniotic fluid just before the

time of delivery [6]and direct culture of the placenta after delivery

[4,7,8]. Recently, molecular techniques have been used to

document infection [3,7]. Even with the use of sophisticated

methods to detect infection, there has always remained a notable

subset of histologic acute chorioamnionitis cases in which culture

did not demonstrate infection [4,7]. In studies, the percentage of

non-infectious histologic chorioamnionitis ranged from less than

30% [4] to more than 50% [3]. The etiology of culture negative

histologic chorioamnionitis is unknown. Many have suggested it

results from inadequate or non-inclusive culturing practices, as

some infectious agents are difficult to identify without careful and

specific culture conditions (for example mycoplasmas and

chlamydiae). But studies have always found aseptic cases of
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histologic chorioamnionitis even when culture techniques were

specifically inclusive of these organisms or molecular techniques

were employed [3,9].

Histologic acute chorioamnionitis is more common in preterm

placentas [10] but the number of deliveries at term with

histologic chorioamnionitis present is much higher. The etiology

of term histologic chorioamnionitis has not been as rigorously

studied as that of preterm births. Most reports have studied only

clinical chorioamnionitis, most often diagnosed by fever in labor,

and do not correlate clinical findings with histological evaluation

and culture. If a significant proportion of term clinical chorioam-

nionitis cases are not due to infection, then other etiologies of fever

and histologic chorioamnionitis must be considered. In addition, if

such cases are prevalent, it might influence protocols for the use of

antibiotics in laboring women and their neonates.

In this study, we examine the factors associated with histologic

chorioamnionitis in a population of low-risk women with term

deliveries.

Materials and Methods

This study protocol was reviewed and approved by the Partners

Human Research Committee. Written informed consent was

obtained from study subjects after the nature of the study had been

fully explained.

Study Population
The current study is a secondary analysis of data from a

randomized trial designed to examine the physiologic correlates

and clinical consequences of epidural-related fever among low-risk

women. The study was conducted in two phases. For both, we

recruited women before 36 weeks gestation from 14 clinical sites.

Study participants were nulliparous with singleton low-risk

pregnancies and planning to deliver at Brigham and Women’s

Hospital or Massachusetts General Hospital. Eligible women were

18 years or older, had a body mass index less than 40 at the first

prenatal visit and were English speaking or attended with a

translator. They had no previous pregnancy loss at 20 or more

weeks, cerclage, chronic medical conditions such as hypertension

or pre-gestational diabetes, contraindication to labor, psychiatric

disorders on medication within 1 year, steroid use within 1 year or

illicit drug use within a year. In phase one (Project Assessing

Childbirth Epidural, May 22, 2002–May 3, 2005), women were

randomized to either the doula or usual care group. Women in the

doula group were asked to try to avoid epidural analgesia and were

provided with doulas, specially trained assistants who offered

support during labor. In phase two (Labor Assistance and Birth

Outcomes Research, March 7, 2005–September 19, 2005),

women were randomized to the doula or usual care group but

were not asked to avoid epidural analgesia. As part of the

randomization scheme for both phases of the study, one-third of

women were randomly designated to have biological samples

evaluated, including admission, postpartum and cord blood

cytokines, as well as placental cultures and histology.

The current study was limited to women pre-selected for

evaluation of biologic samples. Overall, we enrolled 820

nulliparous women in the study, 256 of whom were randomly

selected to have biologic samples analyzed. For the current

analyses, we excluded women with preterm delivery (n = 12), no

trial of labor (n = 6), a serious preexisting medical condition (n = 1),

delivery at another institution (n = 2) or no temperatures obtained

due to precipitous delivery (n = 3). Also excluded from the current

analysis were eight women who withdrew from the study and 29

women for whom either biological samples or histological

evaluation of the placenta were not available. Those with missing

samples did not differ from the included population with regard to

demographic characteristics such as maternal age, race and

education or with regard to pregnancy characteristics such as

gestational age, birth weight, occurrence of fever, length of labor,

spontaneous onset of labor and the mean maternal white blood

count at admission (data not shown). The final study population

consisted of 195 women.

Pathologic analysis
All placentas received a standard gross pathologic exam which

included a gross photograph and recording the trimmed placental

weight. After sampling for microbiologic samples (as described

below), a standard ‘‘membrane roll’’ was taken and placed in

formalin and stored for future examination. The placental

specimens were processed for routine histopathologic analysis:

paraffin embedding, 5 mm sections, hematoxylin and eosin

staining (H&E). All membrane rolls were examined by two

pathologists independently (DJR and TB) blinded to clinical and

microbiologic data. The membranes were scored for histologic

acute chorioamnionitis using the Redline et al. 2003 nosology for

maternal inflammatory response in acute chorioamnionitis

(maternal grading) [11]. Briefly, the membrane rolls were scored

as no chorioamnionitis, Grade 1 (subchorionitis and patchy acute

chorioamnionitis, Redline [11] maternal Stage 1–2, Grade 1), or

Grade 2 (severe, confluent chorioamnionitis, Redline [11]maternal

Stage 3, Grade 2). Two pathologists reviewed the slides

independently. Cases in which their assessment differed were

reviewed together to reach a consensus diagnosis.

Microbiologic Cultures
All placentas were cultured for anaerobic and aerobic bacteria,

(including for Mycoplasma and Ureaplasma species). The methods

for both sampling and microbiologic analysis have been previously

published [7,9,12]. Placentas were placed on a flat surface fetal

side ‘‘up’’. The amnion was peeled away from the chorionic plate

by hand, taking care to keep the exposed chorion ‘‘sterile’’. Using

paired sterile cotton swabs, the exposed surface was swiped six

times before being placed in two separate sterile cryogenic vials.

Each swab was weighed before and after the sample was obtained.

Swab samples obtained from the placenta for microbiologic

culture were flash frozen and kept at 280uC until processed.

Freezing of specimens in this manner prior to culture is a well-

established, validated technique [13]. At the time of processing, the

cryogenic vials were removed from the freezer and passed into an

anaerobic chamber. One mL of sterile phosphate buffered saline

was added to each swab sample and agitated on a vortex mixer for

1 minute. Serial dilutions of the sample were made in phosphate

buffered saline; aliquots of each dilution and the original sample

were plated onto various selective and nonselective media. The

culture medium for recovering anaerobes was prereduced brucella-

base agar with 5% sheep blood enriched with hemin and vitamin K1

(BMB). Tryptic soy agar with 5% sheep blood (TSA) was used for

the recovery of aerobes and facultative anaerobes. Chocolate agar

(CHOC) was used for the recovery of fastidious organisms (PML

Microbiologicals, Mississauga, Ontario Canada). A-7 agar was used

for the recovery of Ureaplasma and Mycoplasma (Northeast Labora-

tory, Waterville, ME). BMB and A-7 plates were incubated in an

anaerobic chamber for a minimum of 120 hours at 35uC before

enumeration. TSA plates were incubated in air and CHOC plates

in 5% carbon dioxide for 48 hours. Following incubation the

various colony types were enumerated, isolated, and identified using

published criteria [7,9,12]. All estimates of population size were

expressed as log10 colony forming units per gram of sample (log10

Noninfectious Histologic Chorioamnionitis
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cfu/g). Interpretation of the culture data was performed by a single

microbiologist (AO) blind to clinical and histologic findings.

Infection was defined as 1,000 cfu or greater of a single known

pathogenic organism or at least a 2 log difference in the counts for a

known pathogen versus other organisms present in a mixed culture.

DNA Extraction and Polymerase Chain Reaction (PCR)
Swab samples obtained from the placenta for PCR were kept

frozen at 280uC until processed. The swab was transferred to a

2 mL Eppendorf Biopur tube and 1 mL of nuclease free water was

added. The tube was vortexed for 1 minute, swab was removed,

and centrifuged at 7500 rpm for 10 minutes. The supernatant was

removed and DNA was extracted using the QIAamp DNA Mini

Kit. A positive control and a reagent control were also included

with each run. After treating with PCR SuperMix and Taq DNA

Polymerase (Invitrogen, Carlsbad, CA) with DNase, PCR was

performed using universal bacterial primers (10 pmol/mL) (Invi-

trogen, San Diego, CA) forward primer 59-CCTACGGGAGG-

CAGCAGT-39 and reverse primer 59-ACGTCATCCC-

CACCTTCCT-39. The reaction was allowed to run 60 cycles at

94uC for 30 seconds, 55uC for 30 seconds and 72uC for

30 seconds (iCycler, BioRad, Hercules, CA). The presence of an

800 base pair PCR product was considered a positive signal. In

order to create these universal primers, we aligned the 16S rDNA

of bacterial species from very different phyla (organisms included

Streptococcus sp., Bacteroides fragilis, E. coli, Mycobacterium sp.). We then

found forward and reverse primers 16S-F and 16S-R from regions

of this gene that were conserved in all bacterial species. Prior to

use for these studies, primers were tested with a variety of bacterial

species to determine whether they were able to detect bacteria and

Mycoplasma strains. Any signal on PCR was considered positive

although there were no PCR positive/culture negative infections

identified.

Cytokine Analysis
We drew blood samples on all participants at admission and

within 1 hour after delivery and collected cord blood at delivery.

These specimens were analyzed for interleukin (IL)-6 and

interleukin (IL)-8. All serum samples obtained from the subject’s

peripheral blood and cord blood were flash frozen and kept at

280uC until processed. Samples were analyzed for IL-6 and IL-8

concentrations by commercial enzyme-linked immunosorbent

assays (ELISAs) according to the manufacturer’s protocol

(BioSource, Camarillo, CA). The values were converted to pg/

mL by reference to a standard curve that was always generated in

parallel to the test samples. The lower limit of sensitivity was

0.16 pg/mL for IL-6, and 0.39 pg/mL for IL-8.

Statistical Analysis
All statistical analyses were performed using SAS version 9.1

(SAS Institute, Inc., Cary, N.C.) Comparisons for categorical

variables were performed using x2 test or a Fisher’s exact test in

cases where the expected value in any cell was less than five.

Continuous variables were compared using student t-test or

analysis of variance if normally distributed or using Kruskal-

Wallis or Wilcoxon rank-sum test for variables that were not

normally distributed. Logistic regression analyses were performed

to evaluate the multiple factors associated with histologic acute

chorioamnionitis.

Results

Among the 195 women in the study population, 66% (n = 128)

had no histologic chorioamnionitis, 27% (n = 52) had Grade 1

histologic acute chorioamnionitis and 8% (n = 15) had Grade 2

histologic acute chorioamnionitis. Intrapartum fever greater than

38uC occurred in 18% (n = 36) of women. Documented infection,

defined as 1,000 cfu or greater of a single known pathogenic

organism or at least a 2 log difference in the counts for a known

pathogen versus other organisms present in a mixed culture, was

relatively rare in this low-risk group of women, occurring in only

eight of our 195 subjects (4%). The cases with infection grew a

variety of organisms known to populate the cervical/vaginal

environment including Ureaplasma, Group B Streptococcus

(GBS), Staphylococcal species and Propionibacterium (Table 1).

Only two of the women with infection had a fever greater than

38uC. Both had positive cultures despite intrapartum treatment

with combination antibiotics, to which the organisms were

sensitive. Two of the afebrile women with infection received

GBS prophylaxis with penicillin or clindamycin and both grew

organisms sensitive to that treatment.

Table 1. Characteristics of Labors with Documented Infections.

Case Organism(s)

Highest
Temperature

(6C)
Antibiotics in
Labor

Grade of Histologic
Chorioamnionitis

Onset of
Labor

# of Vaginal
Exams

Labor
Length
(hours)

Rupture of
Membranes to
Delivery
(hours)

1 Group B Streptococcus &
Staphylococcus spa

39.9 combination
antibiotics

1 Spontaneous 5 45 84

2 Staphylococcus spa 38.1 combination
antibiotics

0 Spontaneous 7 21 13

3 Propionibacterium 37.7 penicillin/
clindamycin

2 Spontaneous 8 18 8

4 Stapylococcus spa 37.6 penicillin/
clindamycin

0 Induced 8 27 13

5 Staphylococcus spa 37.2 None 0 Induced 6 19 10

6 Staphylococcus spa 37.1 None 0 Induced 5 29 48

7 Ureaplasma urealyticum 37 None 0 Spontaneous 4 6 2

8 Ureaplasma urealyticum 36.8 None 0 Spontaneous 2 3 6

aStapylococcus coagulase negative.
doi:10.1371/journal.pone.0031819.t001

Noninfectious Histologic Chorioamnionitis
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Histologic acute chorioamnionitis was strongly associated with

the occurrence of intrapartum fever (Table 2). Sixty-nine percent

of women with intrapartum fever (n = 25/36) had Grade 1 or

Grade 2 histologic chorioamnionitis as compared with only 26%

(n = 42/159) of afebrile women (P,.001). The majority of fever

cases (33/36, 92%) occurred among women who received epidural

analgesia for pain relief in labor, though the association of fever

with histologic chorioamnionitis held true in both women

receiving and not receiving epidural analgesia. Within the group

receiving epidural, 67% (22/33) of women with fever had either

Grade 1 or Grade 2 histologic chorioamnionitis, compared with

only 28% (32/113) of afebrile women (P = ,.001). Among women

not receiving epidural, all three women with fever had Grade 1 or

Grade 2 histologic chorioamnionitis, compared with 22% (10/46)

of women without fever (P = .02). Two of the febrile women with

epidural and none of the febrile women without epidural had

documented infection.

In this very low-risk population, histologic chorioamnionitis was

not significantly associated with infection. Of the eight individuals

with documented placental infection, 75% (n = 6) had no

histologic chorioamnionitis, 12.5% (n = 1) had Grade 1 and

12.5% (n = 1) had Grade 2. Among the 187 women without

placental infection, 65% (n = 122) had no histologic chorioamni-

onitis, 27% (n = 51) had Grade 1 and 7% (n = 14) had Grade 2

histologic chorioamnionitis. Overall, the rate of infection was 5%

among those without histologic chorioamnionitis, 2% among those

with Grade 1 and 7% among those with Grade 2 histologic

chorioamnionitis (P = .5).

We then examined other factors associated with noninfectious

histologic chorioamnionitis (Table 3). As noted above, fever was a

strong predictor of the occurrence of histologic chorioamnionitis.

Among women with Grade 1 or Grade 2 histologic chorioamni-

onitis, 37% (25/67) had a fever, compared with 9% (11/128)

among those without histologic chorioamnionitis (P,.001).

Women with histologic chorioamnionitis (Grade 1 or 2) were

more likely to have the spontaneous onset of labor (87% [58/67]

versus 57% [73/128], P,.001), to have labor that lasted longer

than 12 hours (73% [49/67] versus 54% [69/128]), P = .009), and

rupture of membranes lasting more than 12 hours before delivery

(48% [31/64] versus 31% [38/123], P = .02). Women with

histologic acute chorioamnionitis were also somewhat more likely

to have had more than five cervical examinations during labor

(49% [33/67] versus 35% [45/128]), but the difference did not

quite reach statistical significance (P = .06).

We performed a logistic regression to evaluate the association of

these clinical factors with histologic chorioamnionitis. In that

regression, histologic chorioamnionitis (present/absent) was the

dependent variable and the independent variables were: fever

greater than 38uC, spontaneous onset of labor, length of ruptured

membranes longer than 12 hours, number of cervical examina-

tions greater than five, GBS colonization and length of labor

longer than 12 hours defined as the time from admission to

delivery. In addition, since length of labor would be influenced by

when in the course of labor a woman was admitted, we also

included centimeters dilated at the initial cervical examination in

the model. Administration of antibiotics and acetaminophen

during labor were also significantly associated with histologic acute

chorioamnionitis. However, since these agents were often used in

the setting of intrapartum fever, they were not included in the

regression model. In that regression, three factors were signifi-

cantly associated with histologic chorioamnionitis (Table 4).

Women with fever were nearly six times as likely to have

histologic chorioamnionitis (OR = 5.8, 95% CI = 2.2, 15.0). The

spontaneous onset of labor was associated with an eight-fold

increase (OR = 8.4, 95% CI = 3.0, 24.0) and labor longer than

12 hours with a three-fold increase (OR = 3.5, 95% CI = 1.4, 8.6)

in the occurrence of histologic chorioamnionitis.

We then examined the association of admission white blood cell

count and IL-6 and IL-8 levels with histologic chorioamnionitis.

Admission IL-6 and IL-8 levels were both significantly higher

among those found to have histologic chorioamnionitis (Table 5).

At delivery, maternal serum IL-6 levels, but not IL-8 levels, were

significantly higher among those with histologic chorioamnionitis.

Finally, median cord levels of both IL-6 and IL-8 were significantly

higher, particularly among those with Grade 2 histologic

chorioamnionitis. The median cord IL-6 level was 34.7 pg/mL

with no histologic chorioamnionitis, 98.6 pg/mL with Grade 1

and 359.1 pg/mL with Grade 2 histologic chorioamnionitis

(P,.001). Similarly, the median cord IL-8 level was 8.0 pg/mL

with no histologic chorioamnionitis, 14.3 pg/mL with Grade 1

and 72.3 pg/mL with Grade 2 histologic chorioamnionitis

(P,.001). Mean admission white blood count was also associated

with the occurrence of histologic chorioamnionitis. Women with

no histologic chorioamnionitis had a mean admission white blood

count of 12,000 cells/mm3, those with Grade 1 had a mean of

13,400 cells/mm3 and those with Grade 2 had a mean of 15,700

cells/mm3 (P = ,.001).

Discussion

We found that in low-risk, term gestations histologic acute

chorioamnionitis is not associated with placental membrane

infection, despite the robust microbiologic methods we used for

detecting infection. Histologic chorioamnionitis was much more

common than infection, with 34%(67/195) of women found to

have histologic chorioamnionitis but only 4% (8/195) found to

have infection. Overall, 96% of histologic chorioamnionitis cases

occurred without infection, suggesting that infection is not the

major cause of histologic chorioamnionitis among low-risk women

at term.

It has long been assumed that chorioamnionitis is due to

infection and that failure to recover organisms resulted from

inadequate culture techniques. However, accumulating evidence

supports the occurrence during pregnancy of inflammation

without infection. Romero et al., suggest that, even among

preterm infants, not all cases of intra-amniotic inflammation are

due to infection [14], citing animal studies linking allergy/

hypersensitivity with preterm labor [15] and case reports

suggesting that this mechanism may occur in humans as well

[16]. Our results also suggest that histologic acute chorioamnio-

nitis at term is most often a noninfectious process, supporting the

potential importance of noninfectious inflammation in pregnancy.

Histologic chorioamnionitis was strongly associated with fever;

it was present in 69% of febrile women compared to 26% of

Table 2. Association of Histologic Acute Chorioamnionitis
with Intrapartum Fever and Infection.

Histologic Chorioamnionitis

Variable None Grade 1 Grade 2 P-valuea

n = 128 n = 52 n = 15

Infection 6 (5%) 1 (2%) 1 (7%) .5

Fever greater than 38uC 11 (9%) 19 (37%) 6 (40%) ,.001

aDerived from x2.
doi:10.1371/journal.pone.0031819.t002

Noninfectious Histologic Chorioamnionitis
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women without fever (P,.001). As with histologic chorioamnio-

nitis, intrapartum fever has also long been assumed to be due to

infection. However, in our low-risk population, fever was most often

noninfectious and associated with the use of epidural analgesia,

which has been strongly associated with an increased risk of fever in

randomized and observational studies [17,18]. Ninety-two percent

of fever occurred among women receiving epidural. Epidural use

has also been associated with an increase in inflammatory markers.

DeJongh et al. reported that women receiving epidural have been

noted to have higher serum levels of IL-6 at delivery [19]. Riley et

al., in the same population used in the current study, also reported

Table 3. Characteristics of Women According to Histologic Acute Chorioamnionitis.

Histologic Chorioamnionitis

Variable None Grade 1 Grade 2 P-valuea

n = 128 n = 52 n = 15

Maternal age (mean years 6 SD) 30.764 31.463.8 32.163.8 .3

College graduate 115 (91%) 48 (92%) 14 (93%) ..9

Pre-pregnancy Body Mass Index greater than 25 22 (17%) 9 (18%) 5 (36%) .2

Ever smoked 32 (25%) 14 (27%) 2 (13%) .6

Race - White 87 (68%) 41 (79%) 9 (60%) .2

Randomized to Doula Care 65 (51%) 23 (44%) 9 (60%) .5

Gestational age (mean weeks 6 SD) 39.961.1 406.9 40.261.4 .7

Birth weight (mean g 6 SD) 34576444 35476436 35596434 .4

Placental weight (mean kg 6 SD) .56.12 .66.14 .56.09 .06

Group B Streptococcus colonization 31 (24%) 13 (25%) 8 (53%) .05

Admission maternal white blood count (mean cells per mm3 6 SD) 12,00063,600 13,40063,500 15,70065,200 ,.001

Membranes ruptured at admission 46 (37%) 16 (31%) 4 (27%) .6

3 or more centimeters dilation at admission 66 (52%) 33 (63%) 5 (33%) .09

Spontaneous onset of labor 73 (57%) 45 (87%) 13 (87%) ,.001

Epidural analgesia 92 (72%) 44 (85%) 10 (67%) .2

More than 5 cervical exams 45 (35%) 27 (52%) 6 (40%) .1

Rupture of membranes greater than 12 hours 38 (31%) 21 (43%) 10 (67%) .02

Length of labor greater than 12 hours 69 (54%) 38 (73%) 11 (73%) .03

Meconium in amniotic fluid 30 (23%) 18 (35%) 5 (33%) .3

Cesarean delivery 19 (15%) 9 (17%) 4 (27%) .5

Antibiotics during labor 38 (30%) 22 (42%) 9 (60%) .03

Acetaminophen during labor 13 (10%) 12 (23%) 4 (27%) .04

SD, standard deviation.
aDerived from x2 for categorical variables and t-tests for continuous variables.
doi:10.1371/journal.pone.0031819.t003

Table 4. Predictors of the Presence of Histologic Acute
Chorioamnionitis in a Logistic Regression Model.

Variable name Odds Ratio

(95% Confidence Interval)

Fever greater than 38uC 5.8 (2.2, 15.0)

Spontaneous onset of labor 8.4 (3.0, 24.0)

Labor greater than 12 hours 3.5 (1.4, 8.6)

Length of ruptured membranes greater than 12 1.6 (.7, 3.7)

hours

3 or more centimeters dilation at admission 1.1 (.4, 2.7)

Greater than 5 cervical examinations .9 (.4, 2.1)

Group B Streptococcus colonization 1.1 (.5, 2.5)

doi:10.1371/journal.pone.0031819.t004

Table 5. Association of Histologic Acute Chorioamnionitis
with Maternal Admission and Cord Sera Levels of IL-6 and IL-8.

Histologic Chorioamnionitis

Variable None Grade 1 Grade 2 P-valuea

A. Admission n = 104 n = 49 n = 13

Median IL-8 (pg/mL) 1.3 1.5 2.1 .05

Median IL-6 (pg/mL) 2.2 5.3 24.5 .02

B. Delivery n = 119 n = 47 n = 15

Median IL-8 (pg/mL) 3.5 4.8 5.0 .07

Median IL-6 (pg/mL) 186.3 313.7 288.3 ,.001

C. Cord n = 120 n = 51 n = 15

Median IL-8 (pg/mL) 8.0 14.3 72.3 ,.001

Median IL-6 (pg/mL) 34.7 98.6 359.1 ,.001

IL, Interleukin.
aDerived from Wilcoxon tests.
doi:10.1371/journal.pone.0031819.t005
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higher levels of IL-6 at delivery among women receiving epidural,

additionally demonstrating that these women were not more likely

to have elevated IL-6 levels at admission when compared to women

who did not receive epidural [20].

Our data also indicate that women with histologic chorioam-

nionitis are more likely to have higher white blood counts and IL-6

and IL-8 levels at admission to labor and delivery, suggesting these

women are somehow predisposed to inflammation and may be

more likely to respond to labor with inflammatory reactions such

as histologic chorioamnionitis independent of infection. An

inflammatory host response to stress has been suggested before

in other settings [21–23], including surgery, trauma [24], and birth

[25]. Higher levels of IL-6 at admission have also been associated

with a higher rate of fever among women receiving epidural

analgesia [20,26].

We also found an association of histologic chorioamnionitis with

higher maternal serum IL-6 levels at delivery as well has higher

cord serum levels of IL-6 and IL-8. These findings are consistent

with those of Døllner et al [27] who reported elevated cord serum

cytokine levels, including IL-6 and IL-8, in the presence of high

grade histologic chorioamnionitis. In a study of a preterm

population, Salafia et al. did not find an association of maternal

serum cytokines collected during the active phase of labor with

histologic chorioamnionitis [28]. The difference in findings with

our study could relate to the difference in populations being

studied (preterm versus term) or to the timing of the sample, since

we found that cytokine levels tended to increase during labor both

in women with and without chorioamnionitis.

The rate of infection we report is lower than in other studies of

women with term pregnancies [29,30]. It is possible that this may

be due to the exclusion criteria for our study population, which

included only the lowest risk women. We used well-established

quantitative and qualitative methods to maximize the detection of

organisms in the samples we obtained. While the rate of infection

we found was relatively low (4%), use of these culture techniques in

a preterm population yielded a much higher infection rate of 50%

[9]. In both this study and the study of preterm births, samples

were frozen at the time of collection for later culture and positive

cultures were obtained even among women who had been treated

with antibiotics. In our study, half of women (4/8) with positive

cultures had received antibiotics in labor. In addition, we

compared culture results for our technique of sample collection

(sterile swabs) with those for tissue samples (small fragments of

chorionic plate) for a subset of 21 specimens and found 100%

concordance in the culture results. We therefore do not believe

that our method of sample collection, culture technique or the

exposure of some women to intrapartum antibiotics is responsible

for the low rate of infection we found.

To maximize detection of organisms, particularly among

women who received antibiotics in labor, we also used PCR to

detect infection. However, we identified no culture negative, PCR

positive samples in our study. Recent data indicate that the

chorion tissue contains PCR inhibitors (e.g., endonucleases,

proteins) which destroy any signal that might be present very

quickly, suggesting that the absence of positive PCR tests could be

due to the insensitivity of PCR methods in this setting [9].

We used a conservative definition of infection as the presence of

at least 103 organisms of a single known pathogen. This definition,

which is almost two orders of magnitude lower than the commonly

used definition of 105 organisms, was chosen to maximize the

detection of organisms that might be responsible for fevers we

observed. Given this low cutoff, it is possible some cases identified

as ‘infection’ do not represent true infection and thus did not

engender an inflammatory response. It is important to note,

however, that even using our conservative definition, the

proportion of women with infection was low and not responsible

for the majority of intrapartum fever or histologic chorioamnio-

nitis in the study population

The somewhat higher rate of histologic chorioamnionitis we

report (34%) may be due to our inclusion of subchorionitis (Grade

1), a category sometimes not included in diagnostic criteria of

histologic chorioamnionitis. When only Grade 2 is considered, the

prevalence of histologic chorioamnionitis is 8%, similar to

previously published results [31,32]. However, since the prevalence

of infection was low, (7%) among women with severe histologic

chorioamnionitis, we do not believe inclusion of subchorionitis

(Grade 1) in our definition was responsible for the lack of association

between histologic chorioamnionitis and infection.

Our study does have several limitations. The pathologic

importance of histologic acute chorioamnionitis has recently

focused on the fetal response to presumed amniotic fluid infection

with fetal inflammation and the sequellae of fetal inflammatory

mediators posing risks for neurocompromise [1,7,33,34]. As we

did not perform histopathologic analyses of the umbilical cord or

chorionic plate samples, we are unable to address fetal

inflammatory stage and grade [11], which may be a better

predictor of amniotic fluid infection. We were also unable to

examine the predictors of placental infection because of the rarity

of that outcome in our low-risk population. Similarly, while the

occurrence of infection was not significantly higher among women

with grade 2 histologic chorioamnionitis (7% vs. 5% without

histologic chorioamnionitis), given the relatively small number of

women with grade 2 histologic chorioamnionitis (n = 15), our study

lacked sufficient power to determine with certainty whether

infection was more common in that group. Finally, it is also

important to note that since our study was conducted in low risk

women, our results can only be generalized to that subgroup, since

the prevalence and severity of histologic chorioamnionitis as well

as the rate of infection may be different in this group.

Overall, our results suggest that histologic acute chorioamnio-

nitis at term is most often a noninfectious inflammatory process

and that maternal immune status at admission is associated with

histologic chorioamnionitis. The inflammatory response may be

associated with elevation of levels of specific cytokines [35–37]

which could result from maternal/fetal responses to specific stimuli

[35,36]. These findings suggest the need for additional studies

examining the most appropriate diagnostic criteria for and clinical

responses to intrapartum fever and histologic acute chorioamni-

onitis in term pregnancies. Determination of a method for

accurately diagnosing infection during labor could eliminate

unnecessary antibiotic treatment for women in labor and their

infants.
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16. Romero R, Kusanovic JP, Muñoz H, Gomez R, Lamont RF, et al. (2010)

Allergy-induced preterm labor after the ingestion of shellfish. J Maternal Fetal

Neonatal Med 23: 351–9.
17. Lieberman E, Lang JM, Frigoletto F, Richardson DK, Ringer SA, et al. (1997)

Epidural analgesia, intrapartum fever, and neonatal sepsis evaluation. Pediatrics
99: 415–419.

18. Sharma SK, Alexander JM, Messick G, Bloom SL, McIntire DD, et al. (2002) A

randomized trial of epidural analgesia versus intravenous meperidine analgesia
during labor in nulliparous women. Anesthesiology 96: 546–51.

19. De Jongh RF, Bosmans EP, Puylaert MJ, Ombelet WU, Vandeput HJ, et al.

(1997) The influence of anesthetic techniques and type of delivery on peripartum

serum interleukin-6 concentrations. Acta Anaesthesiol Scand 41: 853–860.

20. Riley LE, Celi AC, Onderdonk AB, Roberts DJ, Johnson LC, et al. (2011)

Association of epidural-related fever and noninfectious inflammation in term

labor. Obstet Gynecol 117: 588–95.

21. Elenkov IJ (2008) Neurohormonal-cytokine interactions: implications for

inflammation, common human diseases and well-being. Neurochem Int 52:

40–51.

22. Elenkov IJ, Chrousos GP (1999) Stress, cytokine patterns and susceptibility to

disease. Best Pract Res Clin Endocrinol Metab 13: 583–595.

23. Leuschner F, Katus HA, Kaya Z (2009) Autoimmune myocarditis: past, present

and future. J Autoimmun 33: 282–289.

24. Kohl BA, Deutschman CS (2006) The inflammatory response to surgery and

trauma. Curr Opin Crit Care 12: 325–332.

25. Yektaei-Karin E, Moshfegh A, Lundahl J, Berggren V, Hansson LO, et al.

(2007) The stress of birth enhances in vitro spontaneous and IL-8-induced

neutrophil chemotaxis in the human newborn. Pediatr Allergy Immunol 18:

643–651.

26. Goetzl L, Evans T, Rivers J, Suresh M, Lieberman E (2002) Elevated maternal

and fetal serum interleukin-6 levels are associated with epidural fever.

Am J Obstet Gynecol 187: 834–838.

27. Døllner H, Vatten L, Halgunset J, Rahimipoor S, Austgulen R (2002) Histologic

chorioamnionitis and umbilical serum levels of pro-inflammatory cytokines and

cytokine inhibitors. BJOG 109: 534–539.

28. Salafia CM, Sherer DM, Spong CY, Lencki S, Eglinton GS, et al. (1997) Fetal

but not maternal serum cytokine levels correlate with histologic acute placental

inflammation. Am J Perinatol 14: 419–22.

29. Hillier SL, Martius J, Krohn M, Kiviat N, Holmes KK, et al. (1988) A case-

control study of chorioamniotic infection and histologic chorioamnionitis in

prematurity. N Engl J Med 319: 972–8.

30. Dong Y, St Clazr PJ, Ramzy Z, Kagan-Hallet KS, Gibbs RS (1987) A

microbiologic and clinical study of placental inflammation at term. Obstet

Gynecol 70: 175–182.

31. Du J, Zaaijman T, Wilkinson AR, Keeling JW, Mitchell RG, et al. (1982)

Spontaneous premature rupture of the membranes: bacteriology, histology and

neonatal outcome. J Obstet Gynaecol 2: 155–160.

32. Fox H, Sebire NJ (2007) Infections and inflammatory lesions of the placenta. In:

Pathology of the Placenta. London: Saunders. 574 p.

33. Redline R, Minich N, Taylor H, Hack M (2007) Placental lesions as predictors

of cerebral palsy and abnormal neurocognitive function at school age in

extremely low birth weight infants (,1 Kg). Pediatr Dev Pathol 10: 282–292.

34. Zanardo V, Vedovato S, Suppiej A, Trevisanuto D, Migliore M, et al. (2008)

Histological inflammatory responses in the placenta and early neonatal brain

injury. Pediatr Dev Pathol 11: 350–354.

35. Liu S, Wen SW, Demissie K, Marcoux S, Kramer MS (2001) Maternal asthma

and pregnancy outcomes: a retrospective cohort study. Am J Obstet Gynecol

184: 90–96.

36. Aaltonen R, Heikkinen T, Hakala K, Laine K, Alanen A (2005) Transfer of

proinflammatory cytokines across term placenta. Obstet Gynecol 106: 802–807.

37. Baergen R, Benirschke K, Ulich TR (1994) Cytokine expression in the placenta.

The role of interleukin-1 and interleukin-1 receptor antagonist expression in

chorioamnionitis and parturition. Arch Pathol Lab Med 118: 52–55.

Noninfectious Histologic Chorioamnionitis

PLoS ONE | www.plosone.org 7 March 2012 | Volume 7 | Issue 3 | e31819


