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Abstract
OBJECTIVE: Pulmonary surfactant is a complex molecule of lipids and proteins synthesized and
secreted by type II alveolar cells into the alveolar epithelial lining. Both lipids and protein components
are essential for lung function in postnatal life. Infection is a well-established cause of preterm
delivery and several inflammatory cytokines play a role in the mechanisms of preterm parturition.
An increased concentration of inflammatory cytokines in amniotic fluid or fetal plasma has been
linked to the onset of preterm parturition and fetal/neonatal injury including cerebral palsy and
chronic lung disease. Experimental evidence indicated that inflammatory mediators also regulated
surfactant protein synthesis and histologic chorioamnionitis was associated with a decreased
incidence of hyaline membrane disease in neonates. This study was conducted to determine if
amniotic fluid concentration of surfactant protein (SP)-A, SP-B and SP-D changes in patients with
and without intra-amniotic infection (IAI).

MATERIAL AND METHODS: A case-control study was conducted to determine amniotic fluid
concentrations of SP-A, SP-B, SP-D, and total protein in patients who had an amniocentesis
performed between 18 and 34 weeks of gestation for the detection of IAI in patients with spontaneous
preterm labor with intact membranes (n=42) and cervical insufficiency prior to the application for
cerclage (n=6). Amniotic fluid samples were selected from a bank of biological specimens and
included patients with (n=16) and without (n=32) IAI matched for gestational age at amniocentesis.
Intra-amniotic infection was defined a positive amniotic fluid culture for microorganisms. Each group
was further subdivided according to a history of corticosteroid administration within 7 days prior to
amniocentesis into the following subgroups: 1) patients without IAI who had received antenatal
corticosteroid (n=21); 2) patients with IAI who had received antenatal corticosteroid (n=9); 3)
patients without IAI who had not received antenatal corticosteroid (n=11); and 4) patients with IAI
who had not received antenatal corticosteroid (n=7). Amniotic fluid was obtained by trans-abdominal
amniocentesis. SP-A, SP-B, and SP-D concentrations in amniotic fluid were determined by enzyme-
linked immunosorbent assay (ELISA). Non-parametric statistics were used for analysis.

RESULTS: Women with IAI had a higher median amniotic fluid concentration of SP-B and of SP-
B/total protein, but not other SPs, than those without IAI (both p=0.03). Among patients who had
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received antenatal corticosteroids, the median amniotic fluid concentration of SP-B and of SP-B/
total protein was significantly higher in patients with IAI than in those without IAI (SP-B; IAI: median
148 ng/ml, range 37.3-809 ng/ml vs. without IAI: median 7.2 ng/ml, range 0 -1,035 ng/ml; p=0.005
and SP-B/total protein; IAI: median 14.1 ng/mg, range 4.3-237.5 ng/mg vs. without IAI: median 1.45
ng/mg, range 0 79.5 ng/mg; p=0.003). Among women who had not received antenatal corticosteroid,
the median amniotic fluid concentration of SP-B and of SP-B/total protein was not significantly
different between patients with and without IAI (SP-B; IAI: median 4 ng/ml, range 0-31.4 ng/ml vs.
without IAI: median 3.4 ng/ml, range 0-37 ng/ml; p=0.8 and SP-B/total protein; IAI: median 0.55
ng/mg, range 0-6.96 ng/mg vs. without IAI: median 0.59 ng/mg, range 0-3.28 ng/mg; p=0.9). The
median amniotic fluid concentrations of SP-A, SP-A/total protein, SP-D and SP-D/total protein were
not significantly different between patients with and without IAI whether they received antenatal
corticosteroid or not (all p>0.05).

CONCLUSIONS: IAI was associated with an increased amniotic fluid concentration of SP-B in
patients who received antenatal corticosteroids within 7 days prior to amniocentesis.
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INTRODUCTION
Intrauterine infection has been implicated in the etiology of preterm birth and is present in
approximately 25% of all preterm deliveries.[1,2] An increased concentration of
proinflammatory cytokines in amniotic fluid and fetal plasma have been linked to the onset of
preterm parturition and fetal or neonatal injury including cerebral palsy[3-5] and chronic lung
disease.[6-8] A recent study suggests that neonates with histologic chorioamnionitis had a
decreased incidence of hyaline membrane disease,[9] possibly through the increased
production of surfactant protein (SP).[9]

Pulmonary surfactants are composed of a lipid-protein complex. Currently, four types of SPs
have been characterized as SP-A, B, C and D. SP-A and SP-D are hydrophilic and involved in
host defense against infection, regulation of surfactant structure or homeostasis and
immunomodulation.[10-12] In contrast, SP-B and C are hydrophobic and essential for lung
function after birth.[10-12] Alveolar type II cells in the lung alveoli synthesize all four SPs and
surfactant lipids. That all SPs are present in amniotic fluid is thought to be the result of lung
liquid production and fetal respiration.

Several studies reported a complex association between infection/inflammatory mediators and
SP mRNA expression in lung tissues or protein concentration in bronchoalveolar lavage fluid.
[13-15] Animal experiments in pregnant ewes,[16-18] rabbits,[19] and mice[20] have
suggested that endotoxin and inflammatory cytokines regulate SP synthesis, the effects of
which varied depending on the stage of pulmonary airway maturation (or gestational age),
[14,21] duration of exposure,[16,21] and routes of administration (i.e., intratracheal or
intraamniotic).[17,22,23] Moreover, the administration of glucocorticoids to animals[24-27]
or lung tissue explants[28-31] modulates SP expression. However, there is paucity of
information on SP concentration in human amniotic fluid in the context of intrauterine
infection. The purpose of this study was to determine whether amniotic fluid concentration of
SP-A, B and D changes in patients with and without intra-amniotic infection (IAI).
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MATERIAL AND METHODS
Study design

A case-control study was conducted to determine the amniotic fluid concentration of SP-A,
SP-B, SP-D and total protein in patients who had an amniocentesis performed between 18 and
34 weeks of gestation at Hutzel Women's Hospital from July 1998 to December 2000. Amniotic
fluid samples were selected from a bank of biological specimens and included samples from
patients with (n=16) and without (n=32) IAI. Intra-amniotic infection was defined as a positive
amniotic fluid culture for microorganisms. Both groups were matched (1:2) for gestational age
(within 2 weeks) at amniocentesis. The two groups were further subdivided according to a
history of corticosteroid administration (to induce fetal lung maturity) within 7 days prior to
amniocentesis into the following subgroups: 1) patients without IAI who had received antenatal
corticosteroid (n=21); 2) patients with IAI who had received antenatal corticosteroid (n=9); 3)
patients without IAI who had not received antenatal corticosteroid (n=11); and 4) patients with
IAI who had not received antenatal corticosteroid (n=7). Amniotic fluid was obtained by trans-
abdominal amniocentesis. A sample of amniotic fluid was transported to the laboratory for
aerobic, anaerobic, and genital Mycoplasma cultures. Amniotic fluid not required for clinical
purposes was centrifuged and stored. The indication for amniocentesis was for the detection
of IAI in patients with the diagnosis of: 1) spontaneous preterm labor and intact membranes
(n=42) and 2) cervical insufficiency prior to the application of cerclage (n=6).

All women provided informed consent prior to the collection of amniotic fluid. The collection
and utilization of the samples was approved by the Human Investigation Committee of the
Wayne state university, Detroit, MI, USA and approved for research purposes by the IRB of
the Eunice Kennedy Shriver National Institute of Child Health and Human Development. Many
of these samples have been used in previous studies of inflammatory mediators, antibacterial
peptides and chemokines.[32-34]

Enzyme-linked immunosorbent assay for determining the SP-A, SP-B, and SP-D
concentrations in amniotic fluid

The SP-A, SP-B, and SP-D concentrations in amniotic fluid were determined by a sandwich
enzyme-linked immunosorbent assay (ELISA) system, which had been validated for amniotic
fluid as previously described.[35-37] For SP-A, the inter- and intra-assay coefficients of
variations (CV) were 33.5% and 7.7%, respectively; and the sensitivity was 10 ng/ml. For SP-
B, the inter- and intra-assay CV were 34.2% and 18.7%, respectively; and the sensitivity was
2 ng/ml. For SP-D, the inter- and intra-assay CV were 19.6% and 4.6%, respectively; and the
sensitivity was 10 ng/ml.

Statistical analysis
Mann-Whitney U test was utilized to determine differences in the median between groups.
Contingency tables and Chi-square tests were employed for comparisons of proportions. A p
value of <0.05 was considered significant. The statistic package used were SPSS 12.0 (SPSS
Inc, Chicago, Illinois, USA).

RESULTS
Table I describes the clinical and obstetric characteristics of the study population. There was
no significant difference in the median maternal age and gestational age at amniocentesis
between patients with and without IAI. Patients with IAI had a median gestational age at
delivery and neonatal birth weight lower than those without IAI.
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SP-A was detected in all (46/46) samples, while SP-B was detected in 68.8% (33/48) of
samples. SP-D was above the limit of detection in 40% (12/30) of cases.

Patients with IAI had a significantly higher median amniotic fluid concentration of SP-B than
those without IAI (IAI: median 40.2 ng/ml, range 0-809 ng/ml vs. without IAI: median 6.2 ng/
ml, range 0-1,035 ng/ml; p=0.03; see Figure 1a). In contrast, there was no significant difference
in the median amniotic fluid concentration of SP-A and SP-D (see Table II). Similar results
were observed after adjusting the amniotic fluid SP concentration according to the total protein
concentration (SP/total protein ratio; see Figure 1b and Table II). Using analysis of covariance
adjusting for the duration of sample storage and gestational age at amniocentesis, similar results
were obtained.

Among patients who had received corticosteroid administration within 7 days before
amniocentesis, there was no significant difference in the median gestational age at
amniocentesis between patients with and without IAI (IAI: median 28.2 weeks range 24-33.3
weeks vs. without IAI: median 30 weeks range 23-33.3 weeks; p=0.9; see Table III).

The median amniotic fluid concentration of SP-B and of SP-B/total amniotic fluid protein was
significantly higher in patients with IAI than those without IAI (SP-B; IAI: median 148 ng/ml,
range 37.3-809 ng/ml vs. without IAI: median 7.2 ng/ml, range 0-1,035 ng/ml; p=0.005 and
SP-B/total protein; IAI: median 14.1 ng/mg, range 4.3-237.5 ng/mg vs. without IAI: median
1.45 ng/mg, range 0 -79.5 ng/mg; p=0.003; see Figure 2).

Similarly, among patients had not received have corticosteroid administration within 7 days
before amniocentesis, there was no significant difference in the median gestational age at
amniocentesis between patients with and without IAI (IAI: median 22 weeks range 18.4-26.2
weeks vs. without IAI: median 22 weeks range 18-27.3 weeks; p=0.9; see Table III). In contrast,
among patients who had not received corticosteroid within 7 days before amniocentesis, the
median amniotic fluid concentration of SP-B and of SP-B/total protein was not significantly
different between patients with and without IAI (SP-B; IAI: median 4 ng/ml, range 0-31.4 ng/
ml vs. without IAI: median 3.4 ng/ml, range 0-37 ng/ml; p=0.8 and SP-B/total protein; IAI:
median 0.55 ng/mg, range 0-6.96 ng/mg vs. without IAI: median 0.59 ng/mg, range 0-3.28 ng/
mg; p=0.9; see Figure 3).

The median amniotic fluid concentration of SP-A, SP-A/total protein, SP-D and SP-D/total
protein were not significantly different between patients with and without IAI whether they
had received antenatal corticosteroid or not (see Table IV).

DISCUSSION
Principal findings of this study

1) Intra-amniotic infection was found to be associated with an increase in the amniotic fluid
concentration of SP-B, but not SP-A and SP-D, in patients who had received corticosteroid
administration within 7 days prior to amniocentesis; 2) in contrast, among patients who had
not received corticosteroids, amniotic fluid concentrations of SP-A, SP-B, and SP-D were not
significantly different between those with and without IAI.

Infection, microbial products, pro-inflammatory cytokines and surfactant proteins
Intrauterine infection is associated with an increased amniotic fluid concentration of several
pro inflammatory cytokines and chemokines such as interleukin (IL)-1, IL-8, IL-6, tumor
necrosis factor (TNF)-α, monocyte chemotactic peptide-1 (MCP-1), etc.[1,32,38,39]
Experimental evidence indicates that endotoxin and several cytokines regulate surfactant
protein synthesis.[13-15] Administration of lipopolysaccharides (LPS) or IL-1α into the
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amniotic fluid cavity of rabbits up-regulates SP-A and SP-B mRNA expression in lung tissue,
SP-A and SP-B protein in bronchoalveolar lavage, and improves lung function.[19]
Recombinant IL-6 increases the production of SP-A mRNA expression and protein in H441-4,
a human pulmonary adenocarcinoma cell line.[9] In contrast, TNF-α inhibited SP-A mRNA
and protein synthesis but not SP-B.[40] Subsequent studies showed that the effect of infection/
inflammation on the fetal lung differs depending on the gestational age and duration of exposure
to intra-amniotic endotoxin/cytokines. For example, in rabbits, IL-1 α increased SP-A, SP-B
and SP-C mRNA expression in immature lung explants but decreased the expression of these
SPs in mature lungs.[14]

Similarly, studies in sheep suggested that intra-amniotic endotoxin in early gestation [21]
programmed a response that resulted in an increased mRNA expression for SP-A, SP-B, as
well as SP-C 65 days later (without a consistent effect on SP-D), and also markedly induced
the processing of SP-B protein to its mature form.[17] However, the response was not normal
maturation, but more likely to represent maldevelopment of the surfactant system since the
large increase in lung tissue surfactant lipids was not accompanied by a corresponding increase
in alveolar surfactant lipids and proteins. This increase in lung tissue surfactant without
effective secretion is similar to the abnormalities observed in ventilated[21] preterm baboons
who develop bronchopulmonary dysplasia.[21,41,42] In contrast, endotoxin exposure in later
gestation causes parallel increases in tissue and alveolar surfactants.[21]

A time-course study in late-gestation sheep indicated that endotoxin induced injury in the first
24 hours causing a decrease in pneumocyte type II cells as well as SP-B protein, but an increase
in HSP70 expression followed by an increase in pneumocyte type II cells, SP-B mRNA and
protein in lung tissue and lavage fluid at 72 hours, which is consistent with tissue remodeling
process.[43] Moreover, this group of investigators also suggested that a single endotoxin
exposure in early gestation preferentially induce surfactant without alterations in
alveolarization and a subtle increase in alveolar wall thickness. In contrast, endotoxin exposure
in later gestation, around the period of alveolarization, or chronic exposure prior to that period,
caused a decrease in alveolar numbers and the development of a small lung.[21] However, a
subsequent study showed that the fetal lung, when assessed closer to term gestation, could
recover and develop relatively normal.[44] Interestingly, LPS-induced changes in the lung
following intra-amniotic injection required direct contact between LPS and the fetal lung, since
occlusion of the airway prevented changes in the fetal lung.[45] Prince et al[20] suggested that
LPS improved lung function in mice and increased the number of alveolar type II cells through
stimulation of Toll-like receptor 4, and NF kappa B pathways.

In the present study, we did not find significant changes in the amniotic fluid concentration of
any SPs in patients with IAI and without antenatal corticosteroid exposure. Since the median
gestational age at aminocentesis in this group was only 22 weeks, it is possible that there was
an increased concentration of SPs in the lung tissue of patients with IAI. However, these
proteins might not be secreted into the amniotic fluid cavity similar to the ovservation from
experiment in sheep [17]. Finally, information from experimentally-induced IAI may be
different from that of natural-occurring human IAI.

Glucocorticoids and surfactant protein
Experimental evidence derived from human fetal lung explants suggest that glucocorticoids
have marked dose-dependent, reversible, stimulatory effects on the mRNA expression for SP-
B, SP-C[28] and a modest effect on SP-D.[30] In contrast, glucocorticoids had a biphasic
response in SP-A mRNA expression.[29] An increase mRNA expression of SP-A was observed
in human lung explants with exposure to low concentrations of dexamethasone (≤10 nM) for
less than 48 hours, but decreased expression was observed after a longer exposure to low
concentrations or incubation with high concentrations (100 nM) of dexamethasone.[29]
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However, these results contrast with those reported in lambs. Administration of betamethasone
at weekly intervals for three weeks resulted in increased mRNA expression and protein
expression for both SP-A and SP-B in fetal lung tissues and bronchoalveolar lavage fluid. In
contrast, animals treated for 48 hours, had overexpression of SP-B mRNA.[31]

Our study did not examine the effect of steroids alone on the amniotic fluid concentration of
SP in patients with and without IAI, since the median gestational age in patients who had not
received antenatal steroids (22 weeks) was much lower than those who had received antenatal
steroids (28 weeks) and the amniotic fluid concentrations of SP change with gestational age.
[35,46-49]

Combined effects of cytokines and glucocorticoids on surfacta proteins
The present study showed that IAI was associated with an increased amniotic fluid
concentrations of SP-B, but not SP-A or SP-D, in women who received corticosteroid
administration within 7 days prior to amniocentesis. This observation is consistent with a study
in rabbit lung explants.[50] Vayrynen et al[50] noted the synergistic effect of glucocorticoids
and cytokines on lung surfactant and concluded that dexamethasone consistently increased SP-
B mRNA in explants of lung tissue from all gestational ages. This study indicated that in
immature lungs, IL-1α and dexamethasone additively increased the mRNA expression of SP-
A and of SP-B. In contrast, in lung explants obtained later in gestation, SP-B and SP-C
expression was suppressed by IL-1α, while glucocorticoids tended to increase the expression
of SP-B and SP-C and prevented the IL-1-induced suppression effects.[50]

Strength and limitation of the study
This study is the first report evaluating amniotic fluid concentrations of SPs in patients with
IAI. Moreover, the effects of antenatal steroid administration were examined. The majority of
patients in our study had received antenatal steroids, which reflects clinical practice. After the
NICHD consensus statement on the use of corticosteroids for fetal lung maturation in 1994,
most patients who are at risk for preterm delivery between 24 to 34 weeks of gestation receive
antenatal steroids. However, among patients who did not receive antenatal steroids, our study
did not find significant changes in the amniotic fluid concentrations of any SPs in patients with
IAI. This is probably due to the fact that the median gestational age of patients in these
subgroups was 22 weeks (range 18-27 weeks), which may be too early to observe a significant
changes in SPs because of the low concentrations of these proteins in amniotic fluid. Moreover,
the ELISA assay system which had been validated for amniotic fluid [35-37] had slightly high
inter- and intra-assay coefficients of variation. So far, there was no commercially available
assay for surfactant proteins (except SP-D).

In conclusion, intra-amniotic infection was associated with a variable, but significantly
increased amniotic fluid concentration of SP-B in patients who received antenatal
corticosteroids within 7 days prior to amniocentesis. This observation supports the view that
there may be a beneficial effect of antenatal steroids administration in patients with sub-clinical
intrauterine infection.
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Figure 1a and 1b.
Median amniotic fluid concentration of SP-B was significantly higher in patients with intra-
amniotic infection (IAI) than those without IAI (IAI: median 40.2 ng/ml, range 0-809 ng/ml
vs. without IAI: median 6.2 ng/ml, range 0-1,035 ng/ml; p=0.03). Similar result was observed
after adjusting the amniotic fluid SP-B concentration according to the total protein
concentration (SP-B/ total protein; IAI: median 7.19 ng/mg, range 0-237.5 ng/mg vs. without
IAI: median 0.94 ng/mg, range 0-79.5 ng/mg; p=0.03). *p<0.05. LOD = limit of detection.
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Figure 2a and 2b.
Among patients who had received antenatal corticosteroids within 7 days prior to
amniocentesis, the median amniotic fluid concentration of SP-B was significantly higher in
patients with intra-amniotic infection (IAI) than those without IAI (IAI: median 148 ng/ml,
range 37.3-809 ng/ml vs. without IAI: median 7.2 ng/ml, range, 0-1,035 ng/ml; p=0.005).
Similar result was observed after adjusting the amniotic fluid SP-B concentration according to
the total protein concentration (SP-B/ total protein; IAI: median 14.1 ng/mg, range 4.3 -237.5
ng/mg vs. without IAI: median 1.45 ng/mg, range 0-79.5 ng/mg; p=0.003). *p<0.05. LOD =
limit of detection.
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Figure 3a and 3b.
Among patients who had not received antenatal corticosteroids within 7 days prior to
amniocentesis, there was no significant difference in the median amniotic fluid concentration
of SP-B between patients with and without intra-amniotic infection (IAI) (IAI: median 4 ng/
ml, range 0-31.4 ng/ml vs. without IAI: median 3.4 ng/ml, range 0-37 ng/ml; p=0.8). Similar
result was observed after adjusting the amniotic fluid SP-B concentration according to the total
protein concentration (SP-B/total protein; IAI: median 0.55 ng/mg, range 0-6.9 ng/mg vs.
without IAI: median 0.59 ng/mg, range 0-3.3 ng/mg; p=0.9). LOD = limit of detection.

Chaiworapongsa et al. Page 12

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2008 November 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Chaiworapongsa et al. Page 13

Table I
Clinical and obstetrical characteristics of patients with and without intra-amniotic infection (IAI)

without IAI
(n=32)

with IAI
(n=16)

p

Maternal age (years) 21 (16-39) 27 (16-36) 0.09
Nulliparity 16 (50%) 7 (43.8%) 0.7
Ethnicity
      African-American 26 (81.3%) 15 (93.8%) 0.4
      Caucasian  4 (12.5%) 1 (6.3%)
      Hispanic  2 (6.3%) 0
GA at amniocentesis (weeks) 25.8 (18-33.3) 25.7 (18.4-33.3) 0.7
GA at delivery (weeks) 32 (19.1- 41.4) 26.1 (18.5-33.3) 0.01*
Birthweight (grams) 1,610 (100-3750) 625 (220-2300) 0.007*

GA: gestational age; values are presented as median (range) or numbers (percent);

*
p<0.05
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Table II
Amniotic fluid concentrations of SP-A and SP-D in patients with and without intra-amniotic infection (IAI)

without IAI with IAI p

SP-A (μg/ml) 1.73 (0.74-4.45) 1.56 (0.86-2.48) 0.5
  n=32   n=14

SP-A/Pro (μg/mg) 0.29 (0.07-1.24) 0.21 (0.11-0.73) 0.3
  n=32   n=14

SP-D (ng/ml) 7.15 (0-25.2)  8.05 (0-52.4)  0.7
 n=20  n=10

SP-D/Pro (ng/mg) 0 (0-7.27) 0 (0-7.22) 0.9
 n=20  n=10

Values are presented as median (range)
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