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Abstract

Background: The objective of this study was to determine whether acute histologic chorioamnionitis is associated with
adverse neonatal outcomes in late preterm infants who were born after preterm PROM.

Methodology/Principal Findings: The relationship between the presence of acute histologic chorioamnionitis and adverse
neonatal outcome was examined in patients with preterm PROM who delivered singleton preterm newborns between 34
weeks and 36 6/7 weeks of gestation. Nonparametric statistics were used for data analysis. The frequency of acute histologic
chorioamnionitis was 24% in patients with preterm PROM who delivered preterm newborns between 34 weeks and 36 6/7
weeks of gestation. Newborns born to mothers with histologic chorioamnionitis had significantly higher rates of adverse
neonatal outcome (74% vs 51%; p,0.005) than those without histologic chorioamnionitis. This relationship remained
significant after adjustment for gestational age at preterm PROM, gestational age at delivery, and exposure to antenatal
corticosteroids.

Conclusions/Significance: The presence of acute histologic chorioamnionitis is associated with adverse neonatal outcome
in late preterm infants born to mothers with preterm PROM.
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Introduction

The rate of preterm deliveries rose steadily in recent years,

from 9.4% in 1981 to 12.8% in 2006 according to the vital

statistics in USA [1–3], and late preterm birth (34–36 6/7

weeks) represents 74% of all preterm deliveries [2]. Tradition-

ally, little attention has been paid to late preterm neonates,

regarded as ‘‘near-term’’ or ‘‘near-normal’’ neonates. However,

recent studies have reported that late preterm birth is associated

with neonatal morbidity and mortality [4–18], and hospital costs

and health care utilization during the first year of life are also

increased in these infants [9,19,20]. There is also increasing

concern on long-term medical and behavioral morbidity, such

as cerebral palsy, attention problems, antisocial behavior, and

impaired cognitive and academic performances at school age

[21–26]. With these evidences, Eunice Kennedy Shriver

National Institute of Child Health and Human Development

of the National Institutes of Human workshop stressed the

importance of late preterm birth and called for increased

research regarding the risk factors for short- and long-term

morbidity for these late preterm infants [27].

Strong evidences support the relationship between intra-uterine

inflammation and adverse neonatal morbidities in preterm birth,

but most of these studies have focused on preterm birth ,34 or 35

weeks’ gestation [28–32]. At present, little is known about the

antenatal conditions which increase the significant morbidity of

late preterm neonates, and there is also a paucity of information

regarding the relationship between intra-uterine inflammation and

neonatal outcomes in late preterm infants.

To address this issue, we undertook this study to determine

whether the presence of acute histologic chorioamnionitis is

associated with the occurrence of adverse neonatal outcome in late

preterm infants born to mothers with preterm premature rupture

of membranes (PROM).

Methods

Study design
The study population consisted of consecutive patients with

preterm PROM who delivered singleton live preterm newborns

(gestational age between 34 weeks and 36 6/7 weeks) in Seoul

National University Hospital between August 1998 and August
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2009. Cases with major fetal anomalies were excluded from

analysis. The relationship between the presence of acute histologic

chorioamnionitis and the occurrence of adverse neonatal outcome

was assessed.

We follow the ethical standards for human experimentation

established in the Declaration of Helsinki. The Institutional

Review Board of Seoul National University Hospital approved

the collection and use of clinical samples and information for

research purposes before the experiment was started. Participants

provided their written consent to participate and written consent

was obtained from the next of kin, caretakers, or guardians on the

behalf of the minors/children participants involved. The Seoul

National University has a Federal Wide Assurance (FWA) with the

Office for Human Research Protections (OHRP) of the Depart-

ment of Health and Human Services (DHHS) of the United States.

Acute histologic chorioamnionitis
Tissue samples were obtained for histopathologic examination;

tissue sections included the chorion-amnion, the chorionic plate,

and the umbilical cord. These samples were fixed in 10% neutral

buffered formalin and embedded in paraffin. Sections of tissue

blocks were stained with hematoxylin and eosin. Acute histologic

chorioamnionitis was defined as the presence of acute inflamma-

tory changes in the extra-placental membranes or the chorionic

plate of the placenta: the acute inflammation of amnion and

chorion-decidua was defined as the presence of at least one focus

of more than 5 neutrophils, and the acute inflammation of the

chorionic plate was defined as the presence of more than one focus

of at least 10 neutrophils; funisitis was diagnosed in the presence of

neutrophil infiltration into the umbilical vessel walls or Wharton’s

jelly with the use of criteria that were published previously [33].

Neonatal outcomes
Adverse neonatal outcome was defined as the presence of major

morbidity (respiratory distress syndrome, intraventricular hemor-

rhage ($grade II), necrotizing enterocolitis, proven or suspected

congenital sepsis, early pneumonia, or bronchopulmonary dyspla-

sia) and/or minor morbidity (seizure, treatment of apnea/

bradycardia, need for respiratory assistant such as continuous

positive airway pressure or ventilator, need for surfactant, reflux,

hypoglycemia, longer duration to achieve full feeds, hyperbiliru-

binemia requiring phototherapy, blood transfusion for anemia, or

longer admission to neonatal intensive care unit) (Table 1). Major

neonatal morbidity was diagnosed according to the definitions

previously described in detail [28]. The criterion for minor

neonatal morbidity is described in Table 1, which was from the

criteria of Bastek et al [10] with modification.

Statistical analysis
Proportions were compared with Fisher’s exact test, and

comparisons of continuous variables between groups were

performed with a Mann-Whitney U test or Kruskal-Wallis analysis

of variance as appropriate. Logistic regression analysis was

conducted for multivariate analysis. The confounding variables

in multiple logistic regression analysis were selected according to

the analysis of univariate analysis as risk factors for adverse

neonatal outcome (p,0.2). A p-value,0.05 was considered

significant. A prior sample calculation was performed to determine

how many patients would be needed to detect a 40% of increase in

the frequency of adverse neonatal outcome in the presence of

acute histologic chorioamnionitis. We estimated that the risk of

adverse neonatal outcome would be 50% according to the report

of Bastek et al [10]. Assuming 80% power, a type 1 error of 5%,

and an estimated rate of 3:7 between those with and without acute

histologic chorioamnionitis (The frequency of acute histologic

chorioamnionitis at term was reported as 23% [34] and that in

preterm PROM before 35 weeks was reported as 50% [35] in our

previous reports), we determined we would require 234 patients

who delivered at late preterm.

Results

Study population
During the study period, 256 singleton pregnant women

delivered late preterm infants (gestational age at delivery between

34 and 36 6/7 weeks) without major anomalies after preterm

PROM. Among these women, the results of histopathologic

examination of the placenta were not available in 12 patients. A

total of 244 cases were included in this study.

Clinical characteristics and pregnancy outcomes
Acute histologic chorioamnionitis and funisitis were diagnosed

in 24% (58/244) and 10% (25/244) of cases, respectively. Table 2

describes the clinical characteristics and pregnancy outcomes of

the study population according to the presence or absence of acute

histologic chorioamnionitis. Group of patients with acute histo-

logic chorioamnionitis had significantly lower gestational age at

PPROM, lower gestational age at delivery, and had higher rate of

corticosteroid use with marginal significance (p = 0.06). However,

there was no significant difference in the median maternal age and

proportions of nulliparity, history of preterm birth, use of

tocolytics/antibiotics, clinical chorioamnionitis, and rate of cesar-

ean delivery between the two groups.

Adverse neonatal outcome
The frequency of adverse neonatal outcome was 56% (137/

244): 7% (18/244) with major morbidity and 55% (133/244) with

minor morbidity. Table 3 compares the neonatal outcomes

according to the presence or absence of acute histologic

chorioamnionitis. Neonates born to mothers with acute histologic

chorioamnionitis had higher frequency of major morbidity, minor

morbidity, and adverse neonatal outcome than those without

acute histologic chorioamnionitis, and this difference in the

frequency of major morbidity and adverse neonatal outcome

remained significant after adjustment for gestational age at

delivery. Table 4 shows the result of logistic regression analysis

for adverse neonatal outcomes. After adjustment for potential

confounding variables (gestational age at PPROM, duration of

ROM, the use of antenatal corticosteroids or tocolytics, cesarean

delivery, and gestational age at delivery, all of which were

associated with the risk of adverse neonatal outcome in univariate

analysis), the presence of acute histologic chorioamnionitis was a

significant risk factor for the subsequent development of adverse

neonatal outcome.

Neonates born to mothers with funisitis had also higher

frequency of major morbidity, minor morbidity, and adverse

neonatal outcome than those without funisitis, but this difference

did not reach statistical significance (major morbidity, 16% vs. 6%,

p = 0.097; minor morbidity, 64% vs. 53%, p = 0.40, adverse

neonatal outcome, 72% vs. 54%, p = 0.14).

Discussion

The principal findings of this study
1) The frequency of acute histologic chorioamnionitis was 24%

in late preterm infants who were born after preterm PROM; 2)

The presence of acute histologic chorioamnionitis was a risk factor

for the subsequent development of adverse neonatal outcome even
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after adjustment for gestational age at delivery and exposure to

antenatal corticosteroids.

Histologic chorioamnionitis as a risk factor for adverse
neonatal outcome

Modest but increasing interest has been raised on the increased

neonatal morbidity in late preterm infants when compared to that

in term infants, but the risk factors which increase the neonatal

morbidity rate in these late preterm infants are still unknown.

Previous studies showed that histologic chorioamnionitis/funisitis

is associated with adverse neonatal morbidities in preterm birth at

,34 or 35 weeks’ gestation [28–32]. But, there is a paucity of

information regarding the relationship between intra-uterine

inflammation and adverse neonatal outcomes in late preterm

infants.

Recently, Bastek et al [36] reported that preterm labor episode

prior to 34 weeks was associated with adverse neonatal morbidities

in late preterm neonates, and hypothesized that early preterm

labor episode is a surrogate for intra-uterine inflammation and is

responsible for adverse outcomes in these neonates. In the current

study, we demonstrated that the presence of acute histologic

chorioamnionitis is a risk factor for the occurrence of adverse

neonatal outcome in late preterm infants delivered after preterm

PROM. We believe this observation has important clinical and

research implication, arousing attention to the importance of

intra-uterine inflammation in late preterm.

The effect of antenatal corticosteroid on neonatal
outcome in late preterm

Whether late preterm infants would benefit from antenatal

corticosteroid in terms of reducing neonatal respiratory or other

Table 1. Definition of adverse neonatal outcome.

Major morbidity Minor morbidity

Proven and/or suspected sepsis{ CNS: Neonatal seizure

Respiratory distress syndrome Treatment of apnea/bradycardia

Intraventricular hemorrhage (grades II–IV) PULM: Respiratory assistance (CPAP, ventilator)

Necrotizing enterocolitis Need for surfactant

Pneumonia GI: Reflux

Bronchopulmonary dysplasia Hypoglycemia (,50 mg/dl)

Longer than 4 days to achieve full per os/nasogastric feeds

HEME: Hyperbilirubinemia requiring phototherapy (.3 days)

Blood transfusion for anemia

General: Admission to the NICU $8 days

CNS: central nervous system; PULM: pulmonary; CPAP: continuous positive airway pressure; GI: gastrointestinal; HEME: hematology; NICU: neonatal intensive care unit.
{Proven neonatal sepsis: positive blood culture results (#72 hours of delivery).
Suspected neonatal sepsis: presence of $2 of the following criteria, in the absence of a positive blood culture (#72 hours of delivery); white blood cell count #5000
cells/mm3 or $24,000 cells/mm3, polymorphonuclear leukocyte count #1800 cells/mm3, ratio of band cells to total neutrophils $0.2, positive results of gastric
aspiration for polymorphonuclear leukocytes showing $5 white blood cells per high power field, erythrocyte sedimentation rate $15 mm/min, positive result of C-
reactive protein assay, platelet count #80,000 cells/mm3, or the presence of meningitis, urinary tract infection, or pneumonia as proven by culture.
doi:10.1371/journal.pone.0079941.t001

Table 2. Characteristics and pregnancy outcomes of study population according to the presence or absence of acute histologic
chorioamnionitis.

Characteristics
Histologic chorioamnionitis (2)
(n = 186) Histologic chorioamnionitis (+) (n = 58) p

Maternal age* 31 (23–43) 31 (16–40) 0.80

Nulliparity 109 (59%) 32 (55%) 0.65

History of preterm birth 20 (11%) 6 (10%) 1.00

Gestational age at PPROM* 35.6 (21.7–36.9) 34.9 (27.7–36.7) ,0.005

Duration of ROM (days)* 0.70 (0.05–86.06) 1.73 (0.17–53.76) ,0.001

Antenatal corticosteroids 33 (18%) 17 (29%) 0.064

Tocolytics 18 (10%) 10 (17%) 0.15

Antenatal antibiotics 175 (94%) 57 (98%) 0.30

Clinical chorioamnionitis 1 (1%) 1 (2%) 0.42

Cesarean delivery 56 (30%) 18 (31%) 0.87

Gestational age at delivery* 35.7 (34.0–36.9) 35.3 (34–36.7) ,0.01

PPROM, preterm premature rupture of membranes; ROM, rupture of membranes.
*Median and range.
doi:10.1371/journal.pone.0079941.t002
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morbidities is not well determined, although antenatal cortico-

steroid is proven to be associated with reduced risk of

respiratory distress syndrome, intraventricular hemorrhage,

necrotizing enterocolitis, and neonatal death in preterm birth

at ,34 weeks [37–39]. In the current study, use of antenatal

corticosteroid was a risk factor for the occurrence of adverse

neonatal outcome, even after adjustment for gestational age at

delivery and acute histologic chorioamnionitis (Table 4). This is

consistent with the result of Bastek et al., who also showed that

infants who were exposed to antenatal corticosteroid due to

preterm labor episode were at high risk for adverse neonatal

outcome [36]. Other previous studies reported that antenatal

corticosteroid did not reduce the incidence of respiratory

disorders in late preterm neonates [40,41]. However Ventolini

et al reported that exposure to antenatal corticosteroids between

24 and 34 weeks was associated with a lower incidence of

respiratory disorders in late preterm birth [42]. But their study

population was not limited to late preterm birth following

spontaneous birth, and it is possible that the indication of

delivery might be the confounding factor for delivery outcome

[36,43,44]. Further studies are needed to address whether

antenatal corticosteroid improves outcomes of late preterm

infants.

Table 3. Neonatal outcome according to the presence or absence of acute histologic chorioamnionitis.

Characteristics
Histologic
chorioamnionitis (2) (n = 186)

Histologic
chorioamnionitis (+) (n = 58) P (unadjusted) p (adjusted){

Birthweight* 2570 (1390–4320) 2445 (1690–4170) ,0.05 (2)

1-Min Apgar score ,7 23 (12%) 11 (19%) 0.20 NS

5-Min Apgar score ,7 3 (2%) 3 (5%) 0.15 NS

Duration of admission (days)* 7 (2–32) 8 (3–23) ,0.05 (2)

Major morbidity 7 (4%) 11 (19%) ,0.001 ,0.001

Proven and/or suspected sepsis
(proven sepsis)

4 (2%) 9 (16%) ,0.001 ,0.001

2 (1%) 5 (9%) ,0.01 ,0.05

Respiratory distress syndrome 3 (2%) 2 (3%) 0.34 NS

Intraventricular hemorrhage
($grades II)

0 (0%) 0 (0%) (2) (2)

Necrotizing enterocolitis 0 (0%) 0 (0%) (2) (2)

Pneumonia 0 (0%) 0 (0%) (2) (2)

Bronchopulmonary dysplasia 0 (0%) 0 (0%) (2) (2)

Minor morbidity 92 (50%) 41 (71%) ,0.01 0.063

Neonatal seizure 0 (0%) 0 (0%) (2) (2)

Treatment of apnea/bradycardia 3 (2%) 3 (5%) 0.15 NS

Respiratory assistance
(CPAP, ventilator)

5 (3%) 2 (3%) 0.67 NS

Need for surfactant 2 (1%) 2 (3%) 0.24 NS

Reflux 2 (1%) 0 (0%) 1.00 NS

Hypoglycemia (,50 mg/dl) 30 (16%) 12 (21%) 0.43 NS

Longer than 4 days to achieve full
per os/nasogastric feeds

24 (13%) 17 (29%) ,0.01 ,0.05

Hyperbilirubinemia requiring
phototherapy (.3 days)

56 (30%) 28 (48%) ,0.05 ,0.05

Blood transfusion for anemia 1 (1%) 0 (0%) 1.00 NS

Admission to NICU $8 days 35 (19%) 16 (28%) 0.19 NS

Adverse neonatal outcome1 94 (51%) 43 (74%) ,0.005 ,0.05

CPAP, continuous positive airway pressure; NICU, neonatal intensive care unit.
*Median and range.
{Adjustment for gestational age at PPROM, duration of ROM, the use of antenatal corticosteroid or tocolytics, cesarean delivery, and gestational age at delivery.
1Adverse neonatal outcome was defined as the presence of major morbidity and/or minor morbidity.
doi:10.1371/journal.pone.0079941.t003

Table 4. Relationship of significant variables in predicting
adverse neonatal outcome in infants who were born at late
preterm after preterm premature rupture of membranes by
multiple logistic regression analysis with backward
elimination.

Variables Adjusted OR 95% CI p value

Acute histologic chorioamnionitis 2.281 1.111–4.682 ,0.05

Gestational age at delivery 0.470 0.314–0.702 ,0.001

Antenatal corticosteroids 2.871 1.103–7.476 ,0.05

Cesarean delivery 4.065 2.052–8.053 ,0.001

doi:10.1371/journal.pone.0079941.t004
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The strength and weakness of the study
The strength of the current study is that the study population

consisted of consecutive patients with late preterm birth after

preterm PROM in one institution. During the study period, 259

singleton pregnant women delivered late preterm neonates

without major anomalies after preterm PROM, and among these

women, the results of histopathologic examination of the placenta

were available in most cases (95%, 244/256). And our data only

included patients who delivered after preterm PROM, consisting

of homogenous group for the analysis between intra-uterine

inflammation and adverse neonatal outcome.

Unanswered questions and proposal for future research
There are several questions that need to be studied in further

research. First, is the presence of acute histologic chorioamnionitis

a risk factor for adverse neonatal outcome in late preterm infants

who were born after preterm labor or medically indication?

Delivery indication itself can affect the neonatal outcomes, and this

also needs to be evaluated. Second, can antibiotic treatment to

control intra-uterine infection and/or inflammation reduce

adverse neonatal outcome in late preterm infants? Lastly, is the

presence of acute histologic chorioamnionitis a risk factor for long-

term neonatal morbidity such as cerebral palsy in late preterm

infants? Although some neonatal outcomes which were evaluated

in the current study have been known as risk factors for long-term

morbidities [45–48], further studies may be needed to verify the

relationship between intra-uterine inflammation and long-term

outcomes of late preterm infants.

We believe that our data would help clinicians to counsel and

predict the outcome of late preterm neonates. Furthermore, these

data will compel active investigation into long term follow up of

late preterm neonates to assess their risk for long term adverse

outcome and determine interventions such as antibiotics will

decrease neonatal morbidity.

In conclusion, the presence of acute histologic chorioamnionitis

is an independent risk factor for the occurrence of adverse

neonatal outcome in late preterm infants born to mothers with

preterm PROM.
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