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SYNOPSIS
Very preterm infants are commonly exposed to a chronic, often asymptomatic chorioamnionitis
that is diagnosed only after delivery by histologic evaluation of the placenta. The reported effects
of these exposures on fetal lungs are inconsistent because exposure to different organisms,
durations of exposure, and fetal/maternal responses impact outcomes. In experimental models,
chorioamnionitis can both injure and mature the fetal lung and cause immune nodulation.
Postnatal care strategies also change how chorioamnionitis relates to clinical outcomes such as
BPD.
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CHORIOAMNIONITIS – A MULTIFACETED FETAL EXPOSURE
Overview

There is no consensus about the relationships between chorioamnionitis and three
pulmonary outcomes of concern for preterm infants – respiratory distress syndrome (RDS),
pneumonia/sepsis, and bronchopulmonary dysplasia (BPD). The difficulty in defining clear
relationships results from the multiple variables contributing to the antenatal exposures, the
postnatal exposures and care strategies that contribute to the diagnoses of the short-term
outcomes of RDS and pneumonia/sepsis, and the longer term outcome of BPD. Multivariant
analyses of large data sets are imperfect tools to define relationships because of the inter-
related nature of the variables, the poorly defined fetal exposures and the imprecision of
diagnosis of diseases such as RDS and BPD. This review will attempt to capture a sense of
the disarray in the field based on the clinical data. In contrast, research with animal models
provides solid information about how experimental chorioamnionitis can impact the fetal
lung. The combination of an appreciation of the clinical complexity and the experimental
effects of chorioamnionitis provides insight into how individual preterm infants present and
respond to therapy. The focus of this review will be the lungs of preterm infants born at less
than 32 weeks gestation, during the period of saccular expansion and prior to
alveolarization.
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Diagnosis
Chorioamnionitis can be diagnosed before the infant is born by findings such as maternal
fever, elevated white blood cell count, tender uterus, and by amniotic fluid analyses for
bacteria, inflammatory mediators, or inflammatory cells. Histologic chorioamnionitis is a
post-delivery diagnosis that is graded by the amount of inflammatory cells and the amount
of necrosis in the chorioamnion (1). The diagnosis of clinical chorioamnionitis does not
reliably predict the presence or severity of histologic chorioamnionitis, which is far more
common following very preterm birth. Furthermore, the diagnosis of histologic
chorioamnionitis is not reproducible between pathologists (1).

The diagnosis of chorioamnionitis correlates with the clinical presentation of a pregnancy at
risk for very preterm delivery. Preterm premature rupture of membranes is a surrogate for
chorioamnionitis with a high concordance. Preterm labor of unknown cause or with a short
cervix is frequently associated with chorioamnionitis (2). In various populations, 50–70% of
women delivering very preterm infants will have chorioamnionitis with the incidence
increasing as gestation at delivery decreases (2, 3).

The Organisms
The organisms associated with early gestational delivery can be single species or
polymicrobial aerobic and anabolic isolates that generally are vaginal flora (Table 1) (4).
More than 50% of amniotic fluids collected by amniocentesis or at Cesarean delivery from
women with preterm premature rupture of membranes were positive for Ureaplasma (5).
These organisms are not usually considered to be pathogens. The generally accepted
pathway to the subclinical histologic chorioamnionitis associated with very preterm birth is
a diffuse ascending colonization of the endometrial-chorionic space with extension into the
fetal membranes, the amniotic fluid, and ultimately the fetus (6). Recent pathological
analyses suggest another route may be more common. A localized epithelial colonization of
the endometrium may breach the chorioamnion locally, contaminating the amniotic fluid
with subsequent extension to the fetal membranes and fetus (7). The identification of
organisms associated with chorioamnionitis by culture does not capture the entire population
of organisms as more non-culturable organisms can be identified by PCR (8).

Duration of Fetal Exposure
Ureaplasma parvum and Mycoplasma hominis are the organisms most frequently associated
with very early gestation deliveries (4, 5) (Box 1). These organisms are normal vaginal flora
in 67% of women of reproductive age (9). However, Ureaplasma also were identified in
about 12% of 433 amniotic fluids collected for genetic analysis from normal pregnancies
prior to 20 weeks gestation (10, 11). Only 7% of the Ureaplasma positive amniotic fluids
were associated with preterm delivery. This behavior of Ureaplasma in human pregnancy is
similar to experimental infection in fetal sheep. Fetal sheep exposed to intra-amniotic
Ureaplasma at 50d gestation have high titers of organisms continuously for 100d to term
with a 20% fetal loss (12). Some animals have chorioamnionitis and others do not despite
persistence of the organism. There is no information about the potential for the multiple
other organisms associated with prematurity to cause prolonged fetal exposures.
Presumably, women with preterm labors that progress to ruptured membranes and then
delayed delivery carry fetuses with bacterial exposures for days to months.

Box 1

Variables Contributing to Chorioamnionitis

• Organisms – single microbes and polymicrobial
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• Duration of exposure in utero

• Intensity of maternal and fetal inflammatory responses

• Rupture of membranes

• Therapies that modulate infection – antibiotics and antenatal corticosteroids

The Fetal Exposure
It makes intuitive sense that the fetal response to chorioamnionitis will depend on the
organisms and the duration of the exposure. However, for early gestation deliveries, there is
almost no clinical information correlating organism or duration of exposure to fetal
response. The exposure is complex as both the bacteria and products of the inflammation
bathe the chorioamnion (fetal tissue) and the fetal skin. The fetal gut is exposed from
swallowed amniotic fluid (6). Amniotic fluid also mixes with fetal lung fluid by fetal
breathing causing a lung exposure (13). Thus, the fetal lung is just one organ that can
respond to chorioamnionitis. Funisitis is an infiltration of fetal inflammatory cells around the
vessels of the cord, indicating a systemic fetal response and perhaps a longer duration of
fetal exposure or more pathogenic organisms (14).

RESPONSES OF THE FETAL LUNG TO CHORIOAMNIONITIS – CLINICAL
An Overview

The instinctive response of the clinician to a diffuse lung exposure to bacteria and
inflammatory products is to assume the outcome will be an acute pneumonia. In the preterm,
pneumonia caused by pathogens often is accompanied by sepsis because of immature innate
immune defenses. However, for the 9595 infants with birth gestations of 22–28 weeks cared
for in the NICHD Neonatal Research Network between 2003 and 2007, only 2% had early
onset sepsis diagnosed by positive blood culture (15). The diagnosis of pneumonia was so
infrequent that it was not reported. Nevertheless, 25% of the population had rupture of
membranes >24 hr before delivery and 48% had a pathological diagnosis of
chorioamnionitis. Although many of these infants must have had a fetal pulmonary
exposure, no clinical syndrome of lung infection was recognized. However, tracheal
aspirates from infants exposed to chorioamnionitis and collected at intubation shortly after
birth contain elevated pro-inflammatory cells, cytokines, and prostaglandis as indicators of a
fetal lung response (16, 17). Ureaplasma of antenatal origin can be cultured or identified by
PCR from 20–45% of these preterm infants (18, 19). Thus, these very preterm infants have
frequent but generally “silent” lung exposures to infection/inflammation.

Chorioamnionitis and RDS
A decreased incidence of RDS was associated in 1974 with preterm prolonged rupture of the
membranes, a surrogate marker for chorioamnionitis (20). Watterberg and associates (16)
then reported that ventilated preterm infants exposed to histologic chorioamnionitis had a
lower incidence of RDS, but a higher incidence of BPD than infants not exposed to
chorioamnionitis. The exposure to histologic chorioamnionitis decreased the incidence of
RDS for a consecutive series of 446 preterm births of less than 32 weeks gestational age, but
histologic chorioamnionitis with isolation of Ureaplasma or Mycoplasma from cord blood
did not correlate with a decreased risk of RDS (14, 21). Lahra and coworkers (22) also noted
in a population of 724 preterm infants that RDS was decreased for infants exposed to
histologic chorioamnionitis (odds ratio [OR] 0.49, 95% confidence interval [95% CI] 0.31–
0.78) or chorioamnionitis plus funisitis (OR 0.23, 95% CI 0.15–0.35) relative to no
chorioamnionitis. This group also reported their 13-year experience that histologic
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chorioamnionitis (with or without funisitis) was associated with a decreased risk of BPD
(OR 0.58, 95% CI 0.51–0.67) (3).

In contrast, there are other reports associating chorioamnionitis with poor pulmonary and
other outcomes. Hitti and associates (23) reported that high levels of TNFα in amniotic fluid
predicted prolonged postnatal ventilation, suggesting early and persistent lung injury from
chorioamnionitis. Ramsey and colleagues (24) also demonstrated that chorioamnionitis
increased neonatal morbidities. Laughon and coworkers (25) cultured 1340 placentas of
infants born before 28 weeks of gestation and found no association between histologic
chorioamnionitis, funisitis, or specific organisms and the initial oxygen requirements of the
infants. They did not report the diagnosis of RDS specifically. The Canadian Neonatal
Network also reported that clinical chorioamnionitis was not predictive of RDS (26).

These discrepant RDS outcomes for very preterm infants exposed to chorioamnionitis need
to be understood within the context of the following complexities:

1. The diagnosis of chorioamnionitis was imprecise and did not include information
about the duration, intensity, or organisms contributing to the exposure.

2. No attempt was made to make a specific diagnosis of surfactant deficiency as a
cause of the respiratory distress.

3. The diagnosis of RDS was imprecise in very preterm infants as most of the infants
will have some respiratory adaptation problems soon after birth.

4. The severity of the respiratory distress was not calibrated, and there are important
differences between severe and mild RDS.

5. Surfactant treatment and mechanical ventilation at birth will interfere with
assigning a diagnosis of RDS.

A clinical indicator for how chorioamnionitis may confound outcomes is found in the report
by Been, et al. (27) in which infants with RDS and exposed to chorioamnionitis have good
responses to surfactant treatment while infants exposed to chorioamnionitis and with
funisitis have poor responses to surfactant. The major confounder for a comparison of the
incidence of an outcome such as RDS between groups of VLBW infants is the comparison
group. As all VLBW deliveries are associated with abnormalities, there is no “normal”
comparison group. The sketch in Fig. 1 illustrates the problem of correlation of
chorioamnionitis with an outcome such as RDS. Chorioamnionitis can be associated with
very severe “RDS” – likely the combination of surfactant deficiency and a diffuse
pneumonia/inflammation with a non-culturable organism. Chorioamnionitis also can result
in an infant without RDS where the signature of the chorioamnionitis could be detected only
by analysis of tracheal aspirate collected shortly after birth.

Chorioamnionitis and BPD
The relationship between chorioamnionitis and BPD is as clouded as is the relationship of
chorioamnionitis with RDS, and for similar reasons. Following the seminal paper by
Watterberg, et al. (16) in 1996 that associated chorioamnionitis with a decrease in RDS and
an increase in BPD in ventilated infants, multiple reports showed that chorioamnionitis
increased the risk of BPD. Schelonka, et al. (19) reported a meta-analysis in 2005 that
Ureaplasma in association with chorioamnionitis increased the risk of BPD in infants (OR
1.6, 95% CI 1.1–2.3), but the effect was greater in smaller than larger studies. A recent
systemic review of 59 studies including over 15,000 infants concluded that BPD was
increased by chorioamnionitis (OR 1.89, 95% CI 1.56–2.3) (28). However, this estimate
decreased to an OR 1.58, 95% CI 1.11–2.24 with adjustments for birth weight differences.
The relationship was significant only for histologic chorioamnionitis.
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In contrast, Laughon et al. (25) found no relationship between BPD and histologic
chorioamnionitis for 1340 infants born before 28 weeks gestational age. A report from the
Canadian Neonatal Network also found no association between clinical chorioamnionitis
and BPD (26). BPD is caused primarily by mechanical ventilation and oxygen exposure
with potent modulators being other occurrences during postnatal care such as a patent ductus
arteriosus and postnatal sepsis (29, 30). Three reports highlight the complexities of these
associations. Van Marter, et al. (31) reported that chorioamnionitis decreased BPD (OR 0.2)
in ventilated preterm infants unless they were ventilated for more than 7 days or had
postnatal sepsis, which increased the risk of BPD (odds ratios of about 3.0). Lahra, et al. (3)
also found that BPD was decreased in a population of 761 infants by histologic
chorioamnionitis, but chorioamnionitis plus postnatal sepsis increased the risk. The
characteristic of the chorioamnionitis also altered the association. For example, in a cohort
of 446 singleton deliveries there was no increase in BPD with histologic chorioamnionitis,
but a cord blood culture positive for Ureaplasma or Mycoplasma increased the BPD rate
almost 3-fold in the same cohort (14, 21). BPD is a complicated lung development/injury/
repair syndrome with multiple postnatal factors contributing to its occurrence and
progression. Some chorioamnionitis exposures may protect the infant from BPD by
decreasing the severity of RDS (lung maturation) while other types of exposures may
promote BPD by initiating a progressive inflammatory response. Some of these possibilities
are illustrated in Fig. 2.

PROOF OF PRINCIPAL: LUNG EFFECTS OF CHORIOAMNIONITIS IN
ANIMAL MODELS
Chorioamnionitis and Lung Inflammation

Intra-amniotic injections of pro-inflammatory mediators such as E. coli lipopolysaccharide
(LPS/endotoxin), IL-1 or single live organisms such as Ureaplasma are used to create
chorioamnionitis – generally defined as inflammation of the fetal membranes (12, 32). Intra-
amniotic injections of LPS or pro-inflammatory mediators cause an acute lung inflammation
in fetal sheep and mouse lungs (33, 34). This lung inflammation is characterized by:

1. A mediator dose-dependent recruitment of primarily neutrophils to the lung
parenchyma that can be detected within hours of the intra-amniotic exposure (35).

2. A large increase in expression of pro-inflammatory cytokines such as IL-1β, IL-6,
IL-8, and MCP-1 (33, 34).

3. The mediator must have direct contact with the fetal lung – demonstrated by
surgical isolation of the lung from the amniotic fluid (13).

4. A sequence of early injury that includes apoptosis, proliferation, and microvascular
injury (36, 37).

5. The inflammatory response is signaled via NFkB activation in lung monocytes in
fetal mouse lungs (38).

In the fetal sheep, the inflammation from intra-amniotic LPS does not cause a severe
pneumonia or consolidation, even with repetitive or direct applications of LPS via the fetal
trachea (13, 39). The initial inflammatory response to intra-amniotic injection of live
Ureaplasma induces less neutrophil recruitment and cytokine expression than does LPS in
the fetal sheep lung (40). Inflammation is substantial following Ureaplasma exposure of
fetal mouse and monkey lungs based on the limited information available (41, 42).
Ureaplasma are readily recoverable from the fetal lungs and fetal lung fluid (43). Although
chorioamnionitis causes lung inflammation in experimental models, that inflammation does
not progress to severe pneumonia, consistent with the infrequent diagnosis of pneumonia in
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VLBW infants shortly after birth (15). The fetus has a well-developed ability to suppress
and modulate inflammation.

Consequences of Lung Inflammation
Induced Lung Maturation—Bry, et al. (44, 45) demonstrated that intra-amniotic
injection of IL-1 or LPS induced early lung maturation in rabbits as indicated by increased
mRNA for the surfactant proteins and increases in pressure-volume curves. Intra-amniotic
LPS increases the numbers of type II cells and the expression of mRNA for surfactant
proteins via NFkB dependent pathways in fetal mouse lungs (46). In fetal sheep, the lung
maturation response is characterized by:

1. An increase in the mRNA for the surfactant proteins within 24 hours of the LPS or
IL-1 exposure (47).

2. An increase in surfactant lipids in the airspaces and improved pressure-volume
curves after 4–5 days, with maximal responses at 7–15 days (48).

3. A maturational response that requires inflammation and contact of the pro-
inflammatory mediator with the fetal airways (13, 49).

4. Inflammation can initiate lung maturation as early as 60 days gestation (term is 150
days) (50).

5. Lung maturation without an increase in fetal plasma cortisol (48).

6. Maturation of immature monocytes to alveolar macrophages in the fetal lung via
induction of granulocyte-macrophage colony stimulating factor and the
transcription factor PU.1 (51).

These remarkable effects of exposure of the fetal lungs to chorioamnionitis and caused by
mediators such as LPS or IL-1 can change postnatal lung function with resultant severe RDS
to no RDS (48). Ureaplasma also induces surfactant protein mRNA and more modest and
less consistent increases in pressure-volume curves in sheep without maturing monocytes to
alveolar macrophages (40, 52). Thus, the lung exposures to clinical chorioamnionitis may
result in variable effects on lung maturation, depending on the organism and the duration of
the exposure.

Lung Injury from Chorioamnionitis—The flip side of the potential benefits of induced
lung maturation is injury to the developing lung from inflammation. The diffuse, but
relatively modest inflammation followed by the injury responses of apoptosis and
proliferation indicates a prototypic injury response (36). Fetal sheep exposed to intra-
amniotic LPS have persistently activated leucocytes in the airways, recruitment of CD3
positive lymphocytes to lung tissue, increased expression of toll-like receptors 2 and 4,
decreased caveolin-1 expression, and changes in multiple other signaling pathways (53–55).
The net effects in the intact fetal sheep are changes in lung collagen and elastin with a
transient inhibition of alveolar septation and an increase in vascular wall thickness (56, 57).
In mechanistic in vitro studies using explants from mouse lungs, LPS activates NFκB,
which interferes with FGF-10 and integrin expression resulting in decreased airspace
branching (58). Macrophages resident in the fetal lung tissue mediate the activation of
NFκB signaling that inhibits multiple genes critical to lung development with thickening of
the lung interstitium and decreased airway branching (38). Although LPS exposure disrupts
alveolar septation and vascular development, the fetal sheep lung can continue to develop
and “grow through” continued LPS exposure (39).

Short interval Ureaplasma exposures cause acute inflammation in Rhesus monkey lungs (42)
and 2 to 3 day fetal exposures caused chorioamnionitis and lung colonization in preterm
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baboons (59). Following delivery and ventilation for 14 days, some animals cleared the
Ureaplasma from the airways with improving lung function, while others had persistent
colonization and worse lung function. At 14 days, the Ureaplasma infected animals had
greater pro-fibrotic responses and fibrosis (60). In a mouse model, intra-amniotic
Ureaplasma increased the postnatal oxygen induced lung injury (41). Prolonged exposure of
fetal sheep to Ureaplasma had no demonstrable effect on a 3 hour ventilation mediated lung
injury (61).

These experiences demonstrate inconsistent interactive effects between chorioamnionitis-
induced lung injury and postnatal lung function. A reasonable interpretation is that fetal lung
inflammation caused by chorioamnionitis can promote progression toward BPD by initiating
alveolar simplification and by interfering with multiple signaling pathways involved in lung
development. But, the effects will depend on the bacterial agent and the other characteristics
of the exposure, which are not known in clinical practice.

CHORIOAMNIONITIS AND IMMUNE MODULATION IN THE FETAL LUNG
An Overview

Studies of immune modulation in the fetal lung have been limited to the fetal sheep to date.
The advantages of this model is that the fetuses can be repetitively exposed over months and
subsequently allowed to deliver for the evaluation of total effects later in life (62). The fetus
is generally considered to have depressed immune/inflammatory responses because of
incomplete development of immune defense systems and lack of immune challenges such
that response systems are naïve. Within the context of the infectious causes of the chronic
and indolent chorioamnionitis frequently associated with very preterm delivery, the fetus
can respond to pro-inflammatory mediators such as LPS (a TLR4 agonist), IL-1, and live
Ureaplasma (Box 2). The lung response is a low-grade inflammation (recruitment of
granulocytes, cytokine expression) followed by a resolution of the acute inflammation with
minimal effects on lung development other than induced lung maturation. However, this
lung response cannot be understood in isolation from other fetal responses to
chorioamnionitis that are being described in animal models. The fetal gut has injury,
developmental, and immunomodulatory responses to intra-amniotic LPS or IL-1 (63). The
fetal skin has a diffuse inflammatory response with increased cytokine expression on
exposure to intra-amniotic LPS (64). Surprisingly, the systemic effects are modest – the
acute phase reactant serum amyloid A increases in the liver and there are small changes in
white blood cell counts and platelets, but no significant increase in plasma cortisol in fetal
sheep (48, 65). Fetal humans exposed to chorioamnionitis do have increased cortisol levels
in cord blood, perhaps because of stress related to preterm labor (66). Changes in immune
status of the fetal lung probably reflect lung specific effects from direct contact with the
organisms and inflammatory products in the amniotic fluid and systemic responses to skin
and gut exposures.

Box 2

Immune Modulation by Chorioamnionitis in the Fetal Sheep Lung

• primary response to LPS that is low grade

• Maturation of monocytes to alveolar macrophages

• No persistent or secondary inflammatory responses to continuous or repeated
LPS (endotoxin tolerance)

• A “cross tolerance” for a mediator different from the initial mediator
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• Increases in innate host defense proteins – SP-A, SP-D

The fetal sheep lung contains very few monocytic linage cells or mature alveolar
macrophages (67), which is in contrast to the fetal mouse lung that contains more mature
monocytes (38). The human fetal lung is thought to be like the sheep lung with the
recruitment and maturation of monocytes to alveolar macrophages after delivery. Intra-
amniotic LPS induces GM-CSF mRNA in the fetal lung and increased GM-CSF protein,
which is a known inducer of the transcription factor PU.1 and monocyte to macrophage
maturation (51). Mature appearing alveolar macrophages are induced in the fetal lung at
80% gestation in the fetal sheep. Fetal exposure to live Ureaplasma does not mature
monocytes to macrophages (40).

The monocytes/macrophages recovered from fetal lung tissue of control animals have
minimal oxidant or IL-6 secretory responses to challenge with LPS in vitro (68). Seven days
after intra-amniotic LPS, the cells produce oxidants and IL-6 comparably to alveolar
macrophages from adult sheep. These cells that were minimally responsive to TLR4 and
other TLR agonists become responsive to in vitro challenge to multiple TLR agonists after
intra-amniotic LPS, a phenomenon referred to as cross tolerance (69). Fetal lung monocytes
increased their potential to respond to infectious challenges following exposure to LPS/
chorioamnionitis.

In vivo, a second fetal exposure to intra-amniotic LPS or IL-1 will not increase
inflammatory cells or cytokine expression in the fetal lung – an endotoxin tolerance type
response (70). Monocytes/macrophages recovered after a second intra-amniotic LPS
exposure also have severely blunted responses to in vitro exposure to multiple TLR agonists.
A striking example is the effect of chronic fetal Ureaplasma colonization on the lung
responses to intra-amniotic LPS. Animals exposed to live Ureaplasma 70 days before
preterm delivery have high titers of Ureaplasma in their amniotic fluid and lung, but with a
minimal inflammatory response as indicated by cytokine expression or myeloperoxide
positive cells relative to controls (71) (Fig. 3). Intra-amniotic LPS given 2 days before
delivery induced a large inflammatory response in the lung. The maturational indicator for
monocytes – PU.1 increased as did IL-6 secretion by blood monocytes in vitro. However,
the intra-amniotic LPS had no effect on the lungs chronically colonized with Ureaplasma.
Chorioamnionitis also increases other components of the very complex innate immune
system. Two examples are the large increases in surfactant-A and surfactant-D proteins by
intra-amniotic LPS (54).

A Perspective on Immune Modulation
The fetus is capable of complex immune modulation despite the immaturity of the immune
system. The fetal lung is a primary organ receiving the signals that result in immune/
inflammatory responses in that it is in direct contact with the chorioamnionitis via the
amniotic fluid. The lung is also an “end organ” for both beneficial and adverse immune/
inflammatory responses as it is the target of ventilation and oxygen mediated injuries
following delivery. The importance of specific fetal immune modulations from
chorioamnionitis on lung outcomes such as BPD remain speculative.

CHORIOAMNIONITIS AND ANTENATAL CORTICOSTEROIDS
Antenatal corticosteroids are given to more than 80% of the women at risk of preterm
delivery before 30 weeks gestation and the majority of these women will have undiagnosed
(histologic) chorioamnionitis (25, 72). The current recommendation is to give antenatal
corticosteroids with preterm labor or preterm rupture of membranes because the treatment
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decreases the incidence of RDS, intraventricular hemorrhage, and death (73). In clinical
series, antenatal corticosteroids are of benefit for preterm deliveries that in retrospect had
associated histologic chorioamnionitis (74). A recent analysis of observational studies
identified the benefit of corticosteroid treatment for women with chorioamnionitis (75).
Antenatal corticosteroids also decrease the fetal inflammatory response syndrome in preterm
infants exposed to histologic chorioamnionitis (74).

Although there is no clinical information about how corticosteroids might influence
chorioamnionitis, the corticosteroids could suppress inflammation – a potential benefit, or
increase the risk of progressive infection – a potential risk. Maternal treatment with
betamethasone initially suppressed the inflammation caused by intra-amniotic endotoxin in
the chorioamnion and lungs of fetal sheep (76, 77). Inflammatory cells and pro-
inflammatory cytokine expression were suppressed for about 2 days after the betamethasone
treatment, but subsequently inflammation was increased in the lungs of lambs exposed to
both maternal betamethasone and intra-amniotic endotoxin relative to endotoxin alone 5 and
15 days after the exposures (77). Lung maturation was greater in lambs exposed to both
betamethasone and endotoxin given together than to either treatment alone (78). The more
likely clinical scenarios are corticosteroid treatments of women with chronic, indolent
chorioamnionitis or women who develop chorioamnionitis after corticosteroid treatments.
Fetal sheep exposed to maternal betamethasone and/or intra-amniotic LPS 7 and 14 days
before preterm delivery have quite different indicators of lung maturation depending on the
order of the exposures (Fig. 4) (54). The innate host defense protein SP-D was increased by
the LPS, but not betamethasone. The combination LPS given 7 days before betamethasone
caused the largest increase in SP-D. Similarly, the largest increases in saturated
phosphatidylcholine, the major surfactant lipid, occurred if the LPS exposure preceded the
maternal betamethasone exposure. This combination also had the greatest effect on the
maximal lung gas volume. These results with fetal sheep support the clinical observations
that betamethasone can further decrease RDS in the presence of histologic chorioamnionitis
(74). In fetal sheep the lung maturational response to endotoxin was larger and more
uniform than was the response to betamethasone. Betamethasone also augmented the lung
maturation induced by chronic fetal Ureaplasma colonization (79).

The increased inflammation in the fetal sheep lungs that occurred 5 to 15 days after
simultaneous betamethasone and endotoxin exposures is a potential concern. Such effects
have not been apparent clinically, but they have not been carefully evaluated. A potential
mechanism to explain the increased inflammation is that both betamethasone and the
endotoxin “mature” an immature inflammatory system. Blood monocytes from fetal sheep
have decreased responses in vitro to endotoxin stimulation relative to monocytes from adult
sheep (80). However, 7 days after the fetal exposures, the monocytes respond to endotoxin
in vitro similarly to monocytes from adult sheep. Maternal betamethasone initially
suppresses the fetal monocyte function, but function is increased 7 days after the maternal
treatment (81). These results illustrate just how complex interactions between exposures
may be clinically. Repetitive courses of betamethasone treatments may be a concern
particularly when chorioamnionitis is present. The clinical dilemma is that histologic
chorioamnionitis is a retrospective diagnosis of a clinically silent process.
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Figure 1.
Pathways from several of the variables contributing to chorioamnionitis and the clinical
severity of RDS, lung maturation and inflammation.
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Figure 2.
Flow diagram for the relationships between a chorioamnionitis exposure, postnatal variables
that modulate the risk of BPD and the BPD outcome.
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Figure 3.
Intra-amniotic Ureaplasma given 70d prior to a 2nd intra-amniotic exposure to E. coli
lipopolysaccharide (LPS) suppressed the LPS responses in lungs of preterm fetal sheep. The
chronic fetal exposure to Ureaplasma (A) suppressed IL-1β mRNA in the fetal lung, (B)
decreased recruitment of myeloperoxidase positive cells (MPO) to the lung, (C) prevented
the expression of the macrophage maturation transcription factor PU.1 in lung, and (D)
decreased the release of IL-6 from blood monocytes challenged in culture with LPS. Data
from Kallapur, et al..(71)
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Figure 4.
Indicators of lung maturation following intra-amniotic E. coli lipopolysaccharide (LPS) and/
or maternal betamethasone (Beta) given 7 or 14d prior to preterm delivery at 120d
gestational age. (A,B) The indicators surfactant protein-D (SP-D), and saturated (Sat)
phosphatidylcholine in bronchoalveolar lavage fluid (BALF) increased with LPS exposure,
but increased more when the order of exposure was LPS given 14d and Beta given 7d before
delivery. (C) The lung gas volumes measured with air inflation to 40 cm H2O pressure
reflected the amounts of saturated phosphatidylcholine. Data from Kuypers, et al. (54).
*p<0.05 relative to control tP<0.05 LPS/Beta relative to Beta/LPS
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Table 1

Organisms Cultured from Chorion in Association with Preterm Deliveries*

Organism Type

Ureaplasma/Mycoplasma Aerobes Anaerobes % of Culture Positive Placentas*

+ − − 9

− + − 30

− − + 21

+ + − 3

+ − + 4

− + + 28

+ + + 6

*
51% of 1365 placentas were culture positive

Data from Onderdonk, et al., (4)
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