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Background: Lipopolysaccharide (LPS), an endotoxin of 
Gram-negative bacteria, causes preterm birth in animals and 
has been implicated as a factor triggering preterm labor and 
systemic complications in humans. Little is known regarding 
LPS in the cord blood (CB) of term and preterm infants and its 
association with maternal and fetal characteristics.
Methods: CB was obtained from term (n = 15) and preterm 
infants (n = 76) after delivery. Plasma levels of LPS, C-reactive 
protein (CRP), and soluble CD14 (sCD14) were measured using 
commercially available kits (limulus amebocyte lysate and 
enzyme-linked immunosorbent assay). Four linear regression 
models were created in order to identify independent vari-
ables that predict plasma LPS levels.
results: The analyte levels were significantly higher in pre-
term vs. term infant CB: LPS (24.48 vs. 1 pg/ml; P = 0.0009), CRP 
(87.9 vs. 47 ng/ml; P = 0.01), and sCD14 (0.32 vs.0.35 µg/ml; P = 
0.013). There was a (significant) positive correlation between 
CB LPS levels and gestational age, birth weight, CRP levels, 
sCD14 levels, and association with both clinical and histologi-
cal chorioamnionitis.
conclusion: Our data suggest that LPS is associated with 
preterm labor and inflammation (CRP elevation and chorioam-
nionitis). These findings may be relevant to the understand-
ing of the role of LPS in prematurity and its role in preterm 
morbidities.

chorioamnionitis is a major risk factor for preterm birth, 
especially at earlier gestational ages, and it contributes 

to prematurity-associated morbidity and mortality (1,2). 
Chorioamnionitis increases the risk of developing morbidities 
associated with preterm birth, including necrotizing entero-
colitis, bronchopulmonary dysplasia, periventricular leuko-
malacia, sepsis, retinopathy of prematurity, and persistence 
of a fetal inflammatory state that predisposes for further post-
natal injury (3–8). Several animal and in vitro models have 
been developed to clarify the mechanisms by which chorio-
amnionitis affects the fetus (9–13). These models mimic the 
clinical scenario of chorioamnionitis in pregnant women by 
using antenatal lipopolysaccharide (LPS) infusion into mater-
nal circulation to induce inflammation. LPS, an endotoxin of 

Gram-negative bacteria, causes preterm birth in animals and 
has been implicated as a factor triggering preterm labor in 
humans. These established models also apply to the induction 
of neonatal systemic complications such as pulmonary hyper-
tension (12,14), cardiac failure (15,16), bronchopulmonary 
dysplasia (17,18), alveolar development (19–21), and necrotiz-
ing enterocolitis (22–24).

In contrast, limited information is available about LPS in 
the cord blood (CB) of term and preterm infants and its asso-
ciation with maternal and fetal characteristics. Gram-negative 
bacteria and soluble CD14 (sCD14) have been identified in the 
amniotic fluid of women in preterm labor, but only two stud-
ies have shown the presence of LPS in CB (25–29). LPS could 
be an important factor in the initiation of chorioamnionitis 
and fetal inflammation. In plasma, LPS binds to LPS-binding 
protein, forming a complex that stimulates macrophages by 
binding to CD14 and TLR4 (30). In addition, CD14 can be 
shed from monocytes and macrophages. This sCD14 can acti-
vate cells that normally lack CD14 and do not respond to LPS 
alone. In the presence of this complex, even low levels of LPS 
can initiate a cytokine cascade (31). This cytokine cascade 
(interleukin-6, tumor necrosis factor-α, and interleukin-1β) is 
associated with morbidities linked to preterm birth (32–34). 
Little is known about the association between chorioamnion-
itis and LPS/sCD14 levels in CB of preterm infants.

The goals of the present study were to evaluate and compare 
CB plasma LPS and sCD14 levels in term and preterm infants 
and to identify the maternal and fetal characteristics that are 
associated with the level of CB plasma LPS and sCD14.

RESULTS
Patient Characteristics
Ninety-one infants were enrolled in the present study. The 
maternal and infant characteristics of the subjects are shown 
in Table 1. None of the mothers of term infants had any symp-
toms associated with clinical chorioamnionitis or histological 
evidence of chorioamnionitis. In the preterm group, histolog-
ical chorioamnionitis (41%) was more common than clinical 
chorioamnionitis (12%). Only 36 of 76 preterm infants had a 
diagnosis of histological chorioamnionitis. Detailed clinical 
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characteristics of the preterm group are shown in Table 2. 
There were no statistically significant differences observed 
between the groups for maternal age, gravidity, parity, sex, 
race, mode of delivery, and group β Streptococcus status. 
Preterm infants were stratified by gestational age and birth 
weight.

CB Plasma LPS and CRP Levels Are Higher in Preterm vs. Term 
Infants
CB plasma LPS was detected in both term and preterm 
infants. LPS levels (median: 25th to 75th percentiles) were 
significantly higher in the CB of preterm infants than 
that in the CB of term infants (24.48 (7.8–59.7) vs. 1 (1–12.2) 
pg/ml, respectively; P = 0.0009; Figure 1a). Preterm CB had 
a wider concentration range than that in term infants (from 
below detection levels (0.7 pg/ml) to 500 pg/ml vs. below 

table 1.  Maternal and infant characteristics 

Characteristics
Term  

(n = 15)
Preterm  
(n = 76) P value

Maternal age (y: mean ± SD) 27.5 ± 5.9 28.06 ± 6.9 0.74

Gravidity (median (IQR)) 3 (1–4) 2 (1–5) 0.31

Parity (median (IQR)) 1 (0–3) 1 (0–3) 0.26

Gestational age (wk; mean ± SD) 39.2 ± 0.7 30.3 ± 3.4 <0.0001

Birth weight (g; mean ± SD) 3300 ± 497 1558 ± 618 <0.0001

Gender (% male) 60 45 0.39

Race (%) 0.31

  AA 6 (40) 24 (31)

  C 3 (20) 31 (41)

  H 6 (40) 21 (28)

Mode of delivery (%) 0.39

  V 7 (46.7) 26 (34.2)

  C/S 8 (53.3) 50 (65.8)

Group β Streptococcus status (%) 0.11

  Positive 5 (33) 12 (16)

  Negative 8 (53) 35 (46)

  Unknown 2 (14) 29 (38)

Prenatal antibiotics (%) 4 (26.7) 48 (63) 0.01

Prenatal steroids (%) 0 55 (72) <0.0001

Prenatal magnesium sulfate (%) 0 44 (58) <0.0001

Maternal white blood cell count 
at delivery ((× 103; mean ± SD)

n/a 13.2 ± 5.4

Clinical chorioamnionitis (%) 0 9 (12) 0.35

Histological chorioamnionitis (%) 0 31 (41) 0.01

  Stage 1 (%) n/a 6 (20)

  Stage 2 (%) n/a 10 (32)

  Stage 3 (%) n/a 15 (48)

  Fetal involvement  
 (funisitis) (%)

n/a 15 (48)

aa, african american; C, Caucasian; C/S, cesarean section; h, hispanic; IQR, interquartile 
range; V, vaginal.

table 2.  Preterm infants clinical characteristics 

Characteristics N = 76

Classification by gestational age (%)

  22–27 wk 14 (18.4)

  28–32 wk 42 (55.3)

  33–36 wk 20 (26.3)

Classification by birth weight (%)

  Extremely low birth weight 15 (19.7)

  Very low birth weight 26 (34.2)

  Low birth weight 35 (46.1)

Cord blood initial white blood cell count (× 103; mean ± SD) 8.6 ± 4.1

Cord blood C-reactive protein (ng/ml; mean ± SD) 3098 ± 8460

Positive blood culture in first 72 h of life (%) 0

Positive blood culture after the first 72 h of life (%) 9 (11.8)

Necrotizing enterocolitis (%) 3 (3.9)

Died (%)

  Before 24 h of life 1 (1.3)

  After 24 h of life 2 (2.6)

Figure 1.  Increased levels of lipopolysaccharide (LPS) and C-reactive protein (CRP) in cord blood (CB) of preterm infants. (a) Median and confidence 
intervals of LPS levels in CB of term (n = 15) and preterm (n = 76) infants. Statistical significance was determined by Mann–Whitney U-test (*P = 0.0009). 
(b) Median and confidence intervals of CRP levels in CB of term (n = 15) and preterm (n = 76) infants. Statistical significance was determined by 
 independent sample test (*P = 0.01). (c) Scatter plot graph showing correlation between CB LPS levels (y-axis, log scale) and CRP (x-axis, log scale) in all 
infants. Spearman rank correlation test used (r = 0.361; P = 0.002).
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detection to 35.3 pg/ml in term infants). C-reactive pro-
tein (CRP) levels were also significantly higher in  preterm 
vs. term CB (87.9 (27.4–518.7) vs. 47 (36.6–74.4) ng/ml; 
P = 0.01; Figure 1b). There was a significant positive correla-
tion between CB LPS and CRP levels (Spearman’s ρ = 0.361; 
P = 0.002; Figure 1c).

CB LPS and CRP Levels Correlate With Both Gestational Age and 
Birth Weight
There was a significant negative correlation between CB 
LPS and gestational age (Spearman’s ρ = −0.394; P = 0.0001), 
between CB LPS and birth weight (Spearman’s ρ = −0.403; 
P = 0.0001; Figure 2a,b), between CB CRP and gestational 
age (Spearman’s ρ = −0.407; P = 0.001), and between CB 
CRP and birth weight (Spearman’s ρ = −0.443; P = 0.0001; 
Figure 2c,d). There were no significant correlations (term 
and preterm) between CRP or LPS and sex, mode of deliv-
ery, race, and duration of rupture of membranes. In the 
 preterm group, maternal exposure to prenatal steroids, 
antibiotics, and magnesium sulfate did not correlate with 
CRP or LPS. In the preterm group, infants in the lowest 
gestational age and birth weight categories had the highest 
mean (±SD) LPS levels (101.8 ± 174.6 and 110.2 ± 166.4 pg/ml, 
respectively; Table 3).

Chorioamnionitis and Increased LPS Levels in CB
For CB LPS and CRP, median (percentiles) levels were sig-
nificantly higher in CB of infants from pregnancies that were 
affected vs. unaffected by chorioamnionitis (52.7 (28.7–76.9) 
vs. 18.3 (1–41.5) pg/ml, P = 0.01 for LPS and 2418.9 (593.9–
21735.8) vs. 54.2 (27.6–200.1) ng/ml, P = 0.0001 for CRP; 
Figure 3a,b).

There was a statistically significant difference in LPS 
(P  =  0.02) and CRP (P = 0.002) levels in CB from preg-
nancies with higher histological chorioamnionitis staging 

Figure 2.  Cord blood (CB) lipopolysaccharide (LPS) and CRP correlate with both gestational age and birth weight. (a) Correlation between CB LPS 
levels (y-axis, log scale) and gestational age (x-axis, wk). White dots represent term infants and black dots preterm infants. Spearman rank correlation 
test used (r = −0.394; P = 0.0001). (b) Correlation between CB LPS levels (y-axis, log scale) and birth weight (x-axis, g). White dots represent term infants 
and black dots preterm infants. Spearman rank correlation test used (r = −0.403; P = 0.0001). (c) Correlation between CB CRP levels (y-axis, log scale) and 
gestational age (x-axis, wk). White dots represent term infants and black dots preterm infants. Spearman rank correlation test used (r = −0.407; P = 0.001). 
(d) Correlation between CB CRP levels (y-axis, log scale) and birth weight (x-axis, g). White dots represent term infants and black dots preterm infants. 
Spearman rank correlation test used (r = −0.443; P = 0.0001).
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table 3.  Preterm cord blood LPS by classification 

Classification Mean (±SD) LPS (pg/ml)

Classification by gestational age

  22–27 wk 101.8 (± 174.6)

  28–32 wk 79.5 (± 143.4)

  33–36 wk 29.7 (± 29.7)

Classification by birth weight (%)

  Extremely low birth weight 110.2 (± 166.4)

  Very low birth weight 58.8 (± 102.41)

  Low birth weight 97.7 (± 181.3)

LPS, lipopolysaccharide.
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(Figure 3c,d). Samples from stage 2 and 3 cases had the highest 
LPS levels (33.4 (22.2–282.7) and 30.3 (1–52.7) pg/ml, respec-
tively), and stage 3 samples had the highest CRP levels (5222.7 
(518.7–30528.9) ng/ml).

Predictors of CB LPS Levels
To control for multicollinearity, birth weight was not included 
in the prediction model for LPS since it was highly correlated 
with gestational age (Spearman’s ρ = 0.923; P < 0.01). The 
sequential addition of clinical variables to the model increased 
its predictive value, with R2 increasing from 0.163 (gestational 
age only) to 0.191 (gestational age and CRP) to 0.214 (gesta-
tional age, CRP, clinical chorioamnionitis, and any stage of his-
tological chorioamnionitis; Table 4).

CB sCD14 and Its Relationship With LPS, Chorioamnionitis, and 
Prematurity
sCD14 plasma levels (median and percentiles) were 
 significantly different between samples from term infants (0.32 

(0.2–0.5) µg/ml) and the three gestational age categories were 
the following: (22–27 wk (0.51 (0.4–0.6) µg/ml), 28–32 wk 
(0.25 (0.2–0.3) µg/ml), and 33–36 wk (0.27 (0.2–0.3) µg/ml);  
P = 0.013; Figure  4a). There was no significant association 
between sCD14 levels and sex, mode of delivery, race, CB 
CRP, CB white blood cell count, clinical chorioamnionitis, 

Figure 3.  Cord blood (CB) lipopolysaccharide (LPS) and CRP levels are elevated in both clinical and histological chorioamnionitis. (a) Median and confi-
dence intervals of LPS levels (log scale) in CB of infants with no chorioamnionitis (n = 82) and clinical chorioamnionitis (n = 9). Statistical significance was 
determined by Mann–Whitney U-test (*P = 0.01). (b) Median and confidence intervals of CRP levels (log scale) in CB of infants with no chorioamnionitis 
(n = 82) and clinical chorioamnionitis (n = 9). Statistical significance was determined by Mann–Whitney U-test (*P = 0.0001). (c) Median LPS levels in CB 
of preterm infants (n = 76) with different staging of histological chorioamnionitis. Statistical significance between groups (P = 0.02) was determined by 
ANOVA. (d) Median CRP levels in CB of preterm infants (n = 76) with different staging of histological chorioamnionitis. Statistical significance between 
groups (P = 0.002) was determined by ANOVA.
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table 4.  Exploring predictors of cord blood lipopolysaccharide 

Predictors

Adjustments

Model 1 Model 2 Model 3 Model 4

Gestational age + + + +

Cord blood C-reactive protein — + + +

Clinical chorioamnionitis — — + +

Histological chorioamnionitis — — — +

R 0.404 0.437 0.446 0.462

R2 0.163 0.191 0.199 0.214

Significant F change 0.000 0.001 0.002 0.004
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or  histological chorioamnionitis. There was a significant cor-
relation between CB LPS and CB sCD14 for all samples (r = 
−0.317; P  = 0.015; data not shown) and for preterm infant 
samples (r = −0.378; P = 0.011; Figure 4b).

DISCUSSION
In this study, we determined if LPS is present in CB plasma of 
term and preterm infants and what factors are associated with the 
variability in CB LPS levels. While LPS was present in preterm 
and term infant CB, levels were higher in preterm infants. In 
addition, lower birth weight and gestational age were associated 
with higher LPS levels. This association is of clinical relevance 
since it is known that preterm birth in very early gestational 
ages is associated with acute or subacute placental infections. 
Differences in placental inflammation may explain these find-
ings. We hypothesized that the presence of bacterial LPS CB 
plasma plays a role in promoting an inflammatory state. LPS has 
a high molecular weight, which makes it difficult to cross the pla-
cental barrier. However, during placental inflammation, changes 
in placental endothelium increase permeability, thus facilitating 
LPS translocation. We proposed that inflammation (chorioamni-
onitis) facilitates the translocation of LPS toward fetal circulation 
as demonstrated by the increased CB LPS of the infants exposed 
to both clinical and histological chorioamnionitis.

Since we proposed that inflammation may play a substan-
tial role in translocation of LPS to fetal plasma, we used CRP 
and histological chorioamnionitis as markers of systemic and 
local inflammation. CRP, an acute-phase reactant, is elevated 
in mothers with intrauterine infection and inflammation (35). 
In our study, both CB CRP and histological chorioamnionitis 
were associated with CB LPS levels. Since CRP takes between 
24 and 48 h to peak in plasma in the setting of an inflammatory 
process, we speculate that infants with higher CRP levels have 
prolonged exposure to inflammation in utero, thus increasing 
the risk for LPS translocation. Histological chorioamnionitis 
can be present without maternal symptoms, remaining clini-
cally silent for some time, thus exposing the infant to subacute 
inflammation. The duration and degree of inflammation may 
play a role in translocation of LPS to fetal plasma. The com-
bination of these inflammatory factors (e.g., chorioamnionitis 

and CRP) is highly associated with CB LPS elevation as dem-
onstrated by our predictive model. The model suggests that 
21.4% of the CB LPS variation can be explained by its asso-
ciation with the predictor variables (gestational age, CRP, and 
clinical and histological chorioamnionitis). The association 
between inflammation and infection as cause for extreme pre-
term labor is well described (36,37) and can explain the dif-
ference in LPS levels between term and preterm infants, espe-
cially among those with extremely low gestational ages and low 
birth weight. Even though some association is observed with 
the predicting factors and CB LPS levels, the vast majority of 
variation could be due to other maternal or fetal factors. Our 
analysis shows no difference between LPS levels and the mode 
of delivery, group β Streptococcus status, duration of rupture 
of membranes, systemic maternal infection, and maternal 
antibiotic, magnesium sulfate, or steroid exposure.

Another marker in our study that was different between term 
and preterm infants was CD14. CD14 is a glycoprotein, which 
mediates the interaction of LPS with cells, thereby signaling 
the presence of Gram-negative bacteria. It is either soluble or 
membrane bound. CD14 is expressed primarily on myeloid 
cells, such as monocytes, macrophages, and  neutrophils, the 
cells most sensitive to LPS. sCD14 appears to mediate LPS 
stimulation of cells that do not express CD14. The  relationship 
between sCD14 and LPS is complex. CD14 and LPS thus appear 
to participate in a complex feedback mechanism of immune 
regulation involving both upregulation and downregulation of 
the inflammatory process triggered by LPS (38). Other studies 
have shown that intrauterine infection/inflammation is associ-
ated with higher median amniotic fluid sCD14 concentration in 
both preterm and term parturition (26). We found a negative 
correlation between sCD14 and CB LPS levels in infants, in con-
trast to adults, in whom the correlation is positive (39). This dif-
ferent relationship between sCD14 and LPS in preterm infants 
could be related to other factors causing cleavage of CD14 since 
the LPS-TLR4 pathway in preterm infants is intact (40). Factors 
such as the presence of group β Streptococcus may play an 
important role in the release of sCD14 to plasma (41). Preterm 
infants, particularly those born at very early gestational ages, 
had higher sCD14 and LPS levels than term infants and preterm 

Figure 4.  Soluble CD14 (sCD14) levels are elevated in preterm infants. (a) Median sCD14 levels in cord blood (CB) of term infants (n = 13) and three 
different gestational age categories (n = 45). Statistical significance between groups (P = 0.013) was determined by Kruskal–Wallis test. (b) Correlation 
between CB lipopolysaccharide levels (y-axis, log scale) and sCD14 (x-axis, µg/ml) in preterm infants. Spearman rank correlation test used (r = −0.378; 
P = 0.011).
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infants born at later gestational ages. These findings could have 
clinical implications since endotoxemia has been associated 
with increased intestinal permeability in experimental models, 
and sCD14 is associated with immune activation and increased 
comorbidities in HIV infection. It is not clear about what clinical 
implications these biomarkers would have in preterm infants.

Various studies have demonstrated elevated concentra-
tions of maternal plasma LPS-binding protein in pregnancies 
complicated by prematurity and chorioamnionitis (42), but 
no studies, to our knowledge, have shown LPS in maternal 
plasma. LPS-binding protein is an acute-phase protein pro-
duced mainly by hepatocytes, which binds with high affinity to 
LPS in blood plasma. Elevated LPS-binding protein levels may 
reflect increased maternal LPS levels. Further investigation is 
needed to determine the mechanism of LPS translocation and 
if maternal LPS is related to preterm labor induction.

Our study has several limitations. We did not measure LPS 
levels in maternal plasma. It is not known if the elevation of 
LPS in preterm infants is secondary to elevation of maternal 
LPS levels or is due to ascending vaginal flora. Additional 
studies of this question are of great interest. Another limita-
tion is that we did not have enough statistical power to detect 
differences in LPS values and prenatal comorbidities (such as 
bronchopulmonary dysplasia and necrotizing enterocolitis). 
No difference in LPS levels was found between infants who 
developed late-onset sepsis (defined as positive blood culture 
after 72 h of life) and those who did not. Infants at higher risk 
vs. those at lower risk for late-onset sepsis (gestational age: 
22–27 wk and histological chorioamnionitis) had higher LPS 
levels; however, the difference between groups did not achieve 
statistical significance (see Supplementary Figure S1 online). 
We also excluded term infants with chorioamnionitis from 
our analysis because previous observations have demonstrated 
that they have a state of immune activation similar to that of 
preterm infants (43).

We conclude that LPS is present in both preterm and term 
CB plasma, but lower gestational age, clinical and histologi-
cal chorioamnionitis, and CRP elevation are associated to 
increased LPS levels in preterm infants. In light of these find-
ings, it might be interesting to understand the neonatal immu-
nological and clinical consequences of elevated LPS and sCD14 
levels in plasma. This question is currently under investigation 
in our laboratory.

METHODS
Subjects
CB samples were collected from the infants born at Tampa General 
Hospital after obtaining informed consent from mothers. These stud-
ies were performed in accordance with the policies and the approval 
of the Institutional Review Boards at the University of South Florida 
and Tampa General Hospital. Subjects included healthy term infants 
(gestational age: ≥37 wk; n = 15) and preterm infants (gestational 
age: ≤366/7 wk; n = 76). Term infants whose mothers had symptoms 
of chorioamnionitis or histological diagnosis of chorioamnionitis 
were excluded from the study. Infants with genetical or gastroin-
testinal disorders (e.g., gastroschisis and omphalocele) were also 
excluded. Demographical and clinical details for the infants and 
mothers were obtained from the medical records (Tables 1 and 2). 
Preterm infants were stratified into two of the following additional 

categories: gestational age (22–27, 28–32, and 33–36 wk) and birth 
weight (extremely low birth weight: <1,000 g; very low birth weight: 
<15,000 g; and low birth weight: <2,500 g).

CB Collection
CB was collected using sterile techniques. After the placenta was 
delivered, a section of the umbilical cord was cleaned with povidone–
iodine or alcohol topical antiseptics. The umbilical vein was identi-
fied, and blood was obtained using a 21G needle. Blood was then 
transferred into EDTA-coated tubes. Samples were analyzed within 
6–12 h of collection.

Plasma Separation, LPS Quantification, CRP, and sCD14 
Measurement
Plasma was collected from CB samples after two centrifugations to 
separate cellular components from plasma. Plasma samples were then 
stored at −80 °C for batch analysis. Plasma was diluted to 10 or 20% 
with endotoxin-free water and then heated to 85 °C for 15 min to 
denature plasma proteins. Plasma levels of LPS were measured using 
a commercially available kit (Limulus Amebocyte Lysate QCL-1000; 
Lonza, Walkersville, MD) according to the manufacturer’s protocol. 
Samples were run in triplicate; backgrounds were subtracted, and 
mean values were reported. The lower level of detection for the assay 
was 0.7 pg/ml. Plasma levels of CRP were measured using a com-
mercially available sandwich enzyme immunoassay kit (Quantikine 
ELISA DCRP00; R&D, Minneapolis, MN). Samples were run in 
duplicate, and mean values are reported. The minimum level of detec-
tion was 0.01 ng/ml. Plasma levels of sCD14 were measured using a 
solid-phase enzyme-linked immunosorbent assay (Quantikine ELISA 
DC140; R&D). Samples were run in duplicate, and mean values were 
reported. The minimum detectable level was 125 pg/ml.

Chorioamnionitis Determination and Placenta Examination
The term chorioamnionitis is used to describe an intrauterine status 
of inflammation in tissues of either mixed fetal–maternal (choriode-
cidual space) or fetal origin (chorioamniotic membranes, amniotic 
fluid, and umbilical cord). Clinical chorioamnionitis was defined as 
the presence of maternal fever (intrapartum temperature: >100.4 °F 
or >37.8 °C), significant maternal tachycardia (>120 bpm), fetal tachy-
cardia (>160–180 bpm), purulent or foul-smelling amniotic fluid or 
vaginal discharge, uterine tenderness, and maternal leukocytosis 
(total blood leukocyte count: >15,000–18,000 cells/µl). Histological 
chorioamnionitis may present without maternal symptoms such as 
fever or uterine tenderness and is a manifestation of a more subacute 
infection. Placental examination is routinely performed for all pre-
term deliveries at Tampa General Hospital and is used to diagnose 
histological chorioamnionitis. In most cases, histological chorioam-
nionitis is accompanied by the evidence of invasion of pathogens in 
normally sterile tissues. Histological chorioamnionitis was classified 
into one of the following three stages (44): stage 1, neutrophils in pla-
cental chorionic plate only; stage 2, neutrophils throughout chorionic 
plate and subamniotic connective tissue; and stage 3, necrotizing 
inflammation or multifocal abscess. Funisitis includes inflammation 
of the connective tissue of the umbilical cord.

Statistical Analysis
Nominal variables are reported as frequencies, and continuous vari-
ables are reported as mean values ± SD or as medians (25th to 75th 
percentiles). Parametric data are reported as means and nonpara-
metric data as medians. Data were analyzed by using SPSS statistical 
software (IBM SPSS for Windows, version 20; SPSS, Armonk, NY). 
Nominal variables were compared using χ2 analysis or Fischer’s exact 
test as appropriate. Group medians were compared using a Mann–
Whitney U-test or Kruskal–Wallis test. Group means were compared 
using an independent samples t-test or ANOVA. Spearman rank cor-
relation test was used to measure the strength of association between 
variables. A P value ≤ 0.05 was considered statistically significant. 
Four linear regression models were created in order to identify inde-
pendent variables that predict plasma LPS levels. The first model used 
gestational age as a predictor. The second model included gestational 
age and CB CRP. The third model included gestational age, CB CRP, 
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and clinical chorioamnionitis. The fourth model included all the pre-
vious variables and histological chorioamnionitis. A log scale trans-
formation was used for LPS and CRP to reduce positive skewness 
and to allow a larger range to be displayed without small values being 
compressed in the bottom of the figure.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper at http://
www.nature.com/pr
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