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Abstract
Objective—Fragment Bb is an activator of the alternative pathway of the complement system.
Recently, increased first trimester maternal plasma concentrations of this fragment were reported
in patients destined to have a spontaneous preterm delivery before 34 weeks of gestation. The aim
of this study was to determine whether the amniotic fluid (AF) concentrations of fragment Bb
change with gestational age, spontaneous labor (term and preterm), and in the presence of intra-
amniotic infection/ inflammation (IAI).

Study design—This cross-sectional study included patients in the following groups: 1)
midtrimester (n=64); 2) term in spontaneous labor (n=70); 3) term not in labor (n=43); 4)
spontaneous preterm labor (PTL) who delivered at term (n=76); 5) PTL without IAI who delivered
preterm (n=73); 6) PTL with IAI (n=76); 7) prelabor rupture of the membranes (preterm PROM)
without IAI (n=71); and 8) preterm PROM with IAI (n=71). Fragment Bb concentration in
amniotic fluid was determined by an enzyme-linked immunoassay. Non-parametric statistics were
used for analyses.

Results—1) Fragment Bb was detected in all AF samples (n=544); 2) The median AF
concentration of fragment Bb in patients at term not in labor was significantly higher than that of
those in the mid-trimester [2.42 μg/mL, interquartile range (IQR) 1.78-3.22 vs. 1.64 μg/mL, IQR
1.06-3.49; p<0.001]; 3) Among patients with PTL, those with IAI had a higher median AF
fragment Bb concentration than that of woman without IAI who delivered preterm (4.82 μg/mL,
IQR 3.32-6.08 vs. 3.67 μg/mL, IQR 2.35-4.57; p<0.001) and than that of women with an episode
of PTL who delivered at term (3.21 μg/mL, IQR 2.39-4.16; p<0.001); 4) Similarly, among
patients with preterm PROM, the median AF fragment Bb concentration was higher in individuals
with IAI than in those without IAI (4.24 μg/mL, IQR 2.58-5.79 vs. 2.79 μg/mL, IQR 2.09-3.89;
p<0.001). 5) Among patients at term, the median AF fragment Bb concentration did not differ
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between women with spontaneous labor and those without labor (term in labor: 2.47 μg/mL, IQR
1.86-3.22; p=0.97).

Conclusions—1) Fragment Bb, an activator of the alternative complement pathway, is a
physiologic constituent of the amniotic fluid, and its concentration increases with advancing
gestational age; 2) Amniotic fluid concentrations of fragment Bb are higher in pregnancies
complicated with IAI; and 3) Labor at term is not associated with changes in the amniotic fluid
concentrations of fragment Bb. These findings suggest a role for fragment Bb in the host immune
response against IAI.
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alternative pathway; chorioamnionitis; complement; pregnancy; preterm labor; prelabor rupture of
membranes; PPROM; microbial invasion of the amniotic cavity

INTRODUCTION
Preterm parturition is syndromic in nature,[1,2] and several mechanisms of disease have
been implicated in its pathophysiology, including intrauterine infection, uterine ischemia,
uterine overdistension, abnormal allogenic recognition, allergic-like reaction, cervical
disease, and endocrine disorders.[2] Nevertheless, intrauterine infection[3-13] is the only
pathological process for which a firm causal link with preterm birth has been established and
a defined molecular pathophysiology is known.[1] Of note, the pregnancy outcome of
patients with spontaneous preterm labor with intra-amniotic inflammation defined by
elevated pro-inflammatory cytokines [e.g. interleukin (IL)-6[14-16] and matrix
metalloproteinase (MMP) 8[17]], is similar to that of those with microbiologically-proven
intra-amniotic infection.[16] Both, intra-amniotic infection and inflammation are associated
with development of a fetal inflammatory response syndrome (FIRS),[18-20] which is a risk
factor for fetal injury.[14,21-29]

The complement system is an important component of innate immunity, and plays a pivotal
role in the process of recognition of foreign antigens and pathogens. In addition, the
complement system participates in the inflammatory response elicited against infection, and
has a role in activating the adaptive immune system.[30-32] Three different pathways can
trigger complement activation: the “classical,” “lectin,” and “alternative.” Of note, these
pathways converge at the point of C3 convertase generation.[32,33]

The classical and the lectin pathways are initiated by the binding of recognition proteins to
specific targets (protein-to-protein and protein-to-carbohydrate interactions, respectively).
[32] In contrast, the alternative pathway does not depend on binding of a protein to a
pathogen, but is capable of auto-activation by spontaneous hydrolysis of C3 in the plasma
generating C3(H2O).[32,34] The later is able to bind factor B, allowing its cleavage by
factor D into fragments Ba and Bb. The C3(H2O)Bb complex can cleave additional C3
molecules, generating C3b that, in turn, associates with factor B to generate more C3-
convertase.[32] The alternative pathway can also be activated through an “amplification
loop,” in which fixed C3b generated by the classical or lectin pathways binds factor B.[31]

During pregnancy there is a physiologic activation of the complement system in the
maternal circulation, which has been proposed to be a compensatory mechanism aimed to
protect the host against infection.[35] However, several pregnancy complications including
spontaneous pregnancy losses,[36-41] preeclampsia,[42,43] pyelonephritis,[44] fetal death,
[45] as well as preterm birth,[13] have been associated with an excessive systemic maternal
complement activation.
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Increased activation of components of the complement system in maternal blood (C3a and
C5a) [13] and the amniotic fluid (C3)[46] has been reported in patients with preterm labor
and intact membranes. Recently, increased maternal plasma concentrations of fragment Bb
in the first trimester were reported in patients who subsequently had a spontaneous preterm
delivery before 34 weeks of gestation.[47] However, to date, there is limited information
regarding the concentration of fragment Bb in amniotic fluid (AF).

This study was conducted to determine whether the amniotic fluid concentration of fragment
Bb changes with advancing gestational age, spontaneous labor at term, and in the presence
of intra-amniotic infection/inflammation (IAI) in patients with spontaneous preterm labor
(PTL) and intact membranes, as well as in women with preterm prelabor rupture of
membranes (preterm PROM).

MATERIALS AND METHODS
Study design and population

A cross-sectional study, was conducted by searching our clinical database and bank of
biological specimens, and consisted of patients in the following groups: 1) women in the
mid-trimester of pregnancy (14-18 weeks) who underwent amniocentesis for genetic
indications and delivered a normal neonate at term (n=64); 2) normal pregnant women at
term with spontaneous labor (n=70); 3) normal pregnant women at term not in labor (n=43);
4) women with an episode of preterm labor (PTL) and intact membranes who delivered at
term (n=76); 5) PTL without IAI who delivered preterm (<37 weeks gestation) (n=73); 6)
PTL with IAI (n=76); 7) women with preterm PROM without IAI (n=71); and 8) preterm
PROM with IAI (n=71).

All women involved in the study provided written informed consent prior to the collection
of amniotic fluid. The collection of amniotic fluid and its utilization for research purposes
were approved by the Institutional Review Boards of participating institutions and the
Eunice Kennedy Shriver National Institute of Child Health and Human Development
(NICHD/NIH/DHHS). Many of these samples have previously been used to study the
biology of inflammation, haemostasis, angiogenesis regulation, and growth factor
concentrations in normal pregnant women and those with pregnancy complications.

Definitions
Patients were considered to have a normal pregnancy outcome if they did not have
obstetrical complications and delivered a term neonate (≥37 weeks) of appropriate
birthweight for gestational age[48,49] without complications. Spontaneous preterm labor
was defined by the presence of regular uterine contractions occurring at a frequency of at
least two every 10 minutes associated with cervical changes before 37 completed weeks of
gestation that required hospitalization. Preterm PROM was diagnosed by sterile speculum
examination confirming pooling of amniotic fluid in the vagina in association with nitrazine
and ferning tests when necessary, before 37 weeks of gestation and in the absence of labor.
Women at term not in labor underwent amniocentesis for the assessment of fetal lung
maturity prior to cesarean section. Women at term in labor consisted of women who were
suspected to have preterm labor because of uncertain dates and had an amniocentesis for the
assessment of fetal lung maturity and microbial invasion of the amniotic cavity. If analysis
of amniotic fluid was consistent with maturity, tocolysis was not used. In addition, if the
women delivered a baby heavier than 2500 grams without complications of prematurity,
they were considered to represent patients in spontaneous labor at term. Intra-amniotic
infection was defined as a positive amniotic fluid culture for microorganisms. Intra-amniotic
inflammation was diagnosed in the presence of an amniotic fluid interleukin (IL)-6
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concentration ≥2.6 ng/mL.[16] Acute histologic chorioamnionitis was diagnosed based on
the presence of inflammatory cells in the chorionic plate and/or chorioamniotic membranes.
Acute funisitis was defined by the presence of neutrophils in the wall of the umbilical
vessels and/or Wharton’s jelly using the criteria previously described.[50]

Sample collection
Amniotic fluid samples were obtained from transabdominal amniocenteses performed for
evaluation of microbial status of the amniotic cavity and/or assessment of fetal lung
maturity. Sample of amniotic fluid was transported to the laboratory in a sterile capped
syringe, and cultured for aerobic/anaerobic bacteria and genital Mycoplasmas. White blood
cell (WBC) count, glucose concentration as well as Gram stain were also performed shortly
after collection. The results of these tests were used for subsequent clinical management.
Amniotic fluid not required for clinical assessment was centrifuged for 10 minutes at 4°C,
and the supernatant was aliquoted and stored at −70°C until analysis. Midtrimester samples
were not evaluated for infection. However, all had an amniotic fluid IL-6 concentration <2.6
ng/mL.

Among patients with spontaneous PTL with intact membranes who delivered within 72
hours of amniocentesis, placenta, umbilical cord and chorioamniotic membranes were
collected, and the presence or absence of histologic chorioamnionitis and/or funisitis was
assessed. The 72-hour interval was chosen to preserve a meaningful temporal relationship
between amniotic fluid fragment Bb concentration and placental histopathologic findings.

Determination of fragment Bb concentration in amniotic fluid
Amniotic fluid concentration of human fragment Bb was determined by sensitive enzyme-
linked immunoassays (Quidel Corporation, San Diego, CA, USA). Fragment Bb
immunoassay was validated for human amniotic fluid in our laboratory, prior to the
conduction of this study. Validation included spike and recovery experiments which
produced parallel curves, indicating that amniotic fluid constituents did not interfere with
antigen-antibody binding in this assay. Immunoassays were carried out according to the
manufacturer’s recommendations. Amniotic fluid samples were incubated in duplicate wells
of the micro titer plates that were pre-coated with an antibody specific for the analyte
(fragment Bb). During this incubation, the analyte present in the standards or amniotic fluid
samples was bound by the immobilized antibodies in the respective assay plates. After
repeated washing and aspiration to remove all unbound substances, an enzyme-linked
polyclonal antibody specific for the analyte was added to the wells of the assay plates.
Unbound enzyme conjugate was removed by repeated washing and a substrate solution was
added to the wells of the assay plates. Color developed in proportion to the amount of the
analyte bound in the initial step, and this development was stopped with the addition of an
acid solution. The intensity of color was read using a programmable spectrophotometer
(SpectraMax M2, Molecular Devices, Sunnyvale, CA, USA). The concentrations of
fragment Bb in amniotic fluid samples were determined by interpolation from individual
standard curves. The calculated inter- and intra-assay coefficients of variation for fragment
Bb immunoassays in our laboratory were 3.1% and 2.4%, respectively, and the sensitivity
was 0.015 μg/mL.

Statistical analysis
Shapiro-Wilk and Kolmogorov-Smirnov tests were used to test for normal distribution of the
data. Since amniotic fluid fragment Bb concentrations were not normally distributed, non
parametric tests were used for analyses. Correlations between continuous variables were
assessed by the Spearman’s rank correlation test. Comparisons between proportions were
performed with Chi-square or Fisher’s exact tests. Kruskal-Wallis with post-hoc test (Mann-
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Whitney U tests) was used for continuous variables. Multiple linear regression analysis was
performed to determine the relationship between amniotic fluid concentration of fragment
Bb and the following variables: maternal age, gestational age at amniocentesis, and sample
storage time. Among patients with PTL and intact membranes, receiver-operating
characteristic (ROC) curve analysis was performed to determine cutoffs for the amniotic
fluid fragment Bb concentrations for the identification of patients who had IAI. A p-value of
<0.05 was considered statistically significant. The statistical analyses were performed with
SPSS package version 12 (SPSS Inc, Chicago, IL, USA).

RESULTS
Fragment Bb was detected in all the amniotic fluid samples tested (n=544). The
demographic and clinical characteristics of patients with a normal pregnancy (mid-trimester,
term not in labor and term in labor), with spontaneous preterm labor and intact membranes
and with preterm PROM are displayed in Tables 1, 2 and 3, respectively. The median
gestational age at amniocentesis was significantly lower among patients with PTL with IAI
than that of the other two subgroups of PTL (Table 2), and among patients with preterm
PROM with IAI compared to those with preterm PROM without IAI (Table 3).

Amniotic fluid concentration of fragment Bb in normal pregnancies
Women with a normal pregnancy at term not in labor had a higher median amniotic fluid
concentration of fragment Bb than those in the mid-trimester [2.42 μg/mL, interquartile
range (IQR) 1.78-3.22 vs. 1.64 μg/mL, IQR 1.06-3.49; p<0.001] (Figure 1). Among women
at term, the median amniotic fluid fragment Bb concentration did not differ significantly
between patients with spontaneous labor and those without labor (term in labor: 2.47 μg/
mL, IQR 1.86-3.22 vs. term not in labor: 2.42 μg/mL, IQR 1.78-3.22; p=0.97) (Figure 1).

Amniotic fluid concentration of fragment Bb in women with spontaneous preterm labor
and intact membranes and those with preterm PROM

Among women with PTL, the median amniotic fluid concentration of fragment Bb was
higher in patients with IAI than in those without IAI who delivered preterm (4.82 μg/mL,
IQR 3.32-6.08 vs. 3.67 μg/mL, IQR 2.35-4.57; p<0.001) or at term (3.21 μg/mL, IQR
2.39-4.16; p<0.001) (Figure 2). Among women with PTL without IAI, there was no
significant difference in the median amniotic fluid concentration of fragment Bb between
those who delivered preterm and the ones who delivered at term (p=0.4; Figure 2).

Among women with preterm PROM, the median amniotic fluid concentration of fragment
Bb was higher in patients with IAI than in those without IAI (4.24 μg/mL, IQR 2.58-5.79
vs. 2.79 μg/mL, IQR 2.09-3.89; p<0.001) (Figure 3).

Among patients with PTL and those with preterm PROM, amniotic fluid fragment Bb
concentrations were positively correlated with amniotic fluid WBC count (Spearman rho
coefficient: r=0.27, p<0.001) and IL-6 concentrations (r=0.4, p<0.001) and were negatively
correlated with amniotic fluid glucose concentrations (r= −0.14, p=0.006).

In order to examine the association between amniotic fluid fragment Bb concentrations, IAI,
and possible confounding factors, a multiple regression analysis was performed adjusting for
maternal age, gestational age at amniocentesis, and sample storage time. The model
demonstrated that the presence of IAI was independently associated with increased amniotic
fluid fragment Bb concentrations (p<0.001).

The ROC curve of amniotic fluid fragment Bb concentration for the identification of IAI
among patients with PTL with intact membranes is displayed in Figure 4 (area under the
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curve (AUC) 0.72, p<0.001). An optimized cutoff value (sensitivity and specificity sharing
an equal importance) of amniotic fluid fragment Bb concentration of ≥4.31 μg/mL in
patients with PTL and intact membranes had a sensitivity of 61.8% and a specificity of
75.8% for identification of IAI (Table 4). Due to the relative poor diagnostic performance of
this cutoff, a cutoff value of ≥6.2 μg/mL, which has a specificity of 100%, however, a low
sensitivity of 23.7% for the detection of IAI in patients with PTL and intact membranes, has
been chosen for the definition of an elevated fragment Bb concentration (Figure 4).

When this cutoff was tested on the entire study population, we found that 21.8% of the
women with IAI (32/147) had an elevated fragment Bb concentration (≥6.2 μg/mL), while
none of those without IAI reached the cutoff. (0/397, p<0.001).

Amniotic fluid concentration of fragment Bb and placental histopathologic findings
Among patients with spontaneous PTL and intact membranes with IAI, 79% (60/76)
delivered within 72 hours of amniocentesis, and placental histopathologic diagnoses were
available in 78% (47/60) of these individuals. The median amniotic fluid concentration of
fragment Bb in patients with histologic chorioamnionitis was higher than that of women
without it (histologic chorioamnionitis: 5.25 μg/mL, IQR 3.97-11.27 vs. no histologic
chorioamnionitis: 4.48 μg/mL, IQR 2.80-5.29; p=0.025) (Figure 5). Moreover, none of the
patients without histologic chorioamnionitis (0/12) had an elevated fragment Bb
concentration (≥6.2 μg/mL), while 40% (14/35) of those with histologic chorioamnionitis
had an elevated amniotic fluid fragment Bb concentration (Fisher’s exact, p=0.009).

COMMENT
Principal findings of this study

1) Fragment Bb was detectable in all amniotic fluid samples and seems to be a physiologic
constituent of the amniotic fluid; 2) patients with intra-amniotic infection/inflammation,
regardless of the membranes status, had a higher median amniotic fluid concentration of
fragment Bb than that of women without IAI; 3) amniotic fluid fragment Bb concentrations
increase with advancing gestation and do not change with labor at term; and 4) elevated
amniotic fluid fragment Bb concentrations were independently associated with IAI.

What is fragment Bb?
The complement system, an important component of the innate immunity, plays a pivotal
role in the process of recognition of foreign antigens and pathogens. In addition, the
complement system mediates the inflammatory response elicited against infection, and has a
role in activating the adaptive immune system.[30-32] More than 30 proteins and cell
membrane receptors encompass the complement system which can be activated by three
different pathways: the “classical,” the “lectin,” and the “alternative.” Despite the different
pathways, all three converge at the point of C3 convertase formation.[33] C3 convertase
cleaves C3 to C3a and C3b and the latter participates in the formation of the C5 convertase,
which cleaves C5 to C5a and C5b. C3a and C5a, termed anaphylatoxins, are pleiotropic
inflammatory mediators.[32]

The classical pathway is initiated by the binding of C1q to antigen-antibody complexes,
whereas the lectin pathway begins with the binding of mannose-binding lectin (MBL) to
sugars present on the bacterial cell wall. Increased concentrations of C4 can be regarded as a
marker of complement activation by either the classical or lectin pathways. In contrast, the
alternative pathway is capable of auto-activation by a process termed “tickover” of C3.[34]
Tickover occurs spontaneously in the absence of a recognizable trigger at a rate of
approximately 1% of total C3 per hour, generating a conformationally altered C3, namely
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C3(H2O).[34] The latter is capable of binding factor B, a unique component of the
alternative pathway, which can then be cleaved by factor D at a single Arg-Lys bond,[51-53]
generating two unequal fragments, an N-terminal Ba fragment and a C-terminal Bb fragment
that carries the active site of factor B.[54] Fragment Bb remains associated with C3(H2O)
and the C3(H2O)Bb complex, through its own serine protease domain, can cleave additional
C3 molecules, generating C3b that associates with factor B to generate more C3-convertase.
[32] The alternative pathway can also be initiated as an “amplification loop” when fixed
C3b, generated by the classical or lectin pathways, binds factor B resulting in
conformational changes in factor B that allow factor D to cleave it similarly to the tickover
process.[31] Thus, activation of the alternative pathway is characterized by increased
production of fragment Bb.

The complement system in normal and complicated pregnancies
The complement system is an effector arm of the innate immune system, which is important
in the host defense against infections. An excessive or inappropriate activation of the
complement system has been implicated in the pathophysiology of many disorders such as
rheumatoid arthritis,[55,56] systemic lupus erythematosus[57] and stroke.[58,59] In
addition, perturbation of the complement system homeostasis following exposure of healthy
volunteers to stressful conditions has been reported.[60-62]

Pregnancy, characterized by physiologic activation of the complement system in the
maternal blood, has been proposed to be compensatory mechanism aimed to protect the host
against infection.[35] However, several pregnancy complications, such as spontaneous
pregnancy losses,[36-41] preeclampsia,[42,43,63] pyelonephritis,[44] fetal death[45] as well
as preterm birth[13] have been associated with excessive systemic maternal complement
activation. Components of the complement system have been detected in placenta,[64-66]
chorioamniotic membranes,[67-69] fetal tissues (i.e. liver, spleen and thymus),[64,70-73]
cord blood,[74-80] and amniotic fluid.[46,77,81,82]

In 1988, Stabile et al.[77] measured complement factors (C3, C4, C5, Factor B, H and I) in
maternal and fetal circulations as well as in amniotic fluid obtained between 15-28 weeks of
gestation from 55 women with a retrospectively defined normal pregnancy who underwent
diagnostic fetoscopy or cordocentesis for the exclusion of hematological disorders or
chromosomal defects. Concentrations of these proteins were 10 times higher in the maternal
than that in the fetal circulation which, in turn, were 10 times higher than that in the
amniotic fluid. Fetal concentrations of C3, C4 and factor H and amniotic fluid
concentrations of C3 and factor B increased with advancing gestation, but this was not
observed in maternal blood. Thus, the authors concluded that the fetus is independently
synthesizing proteins of the complement system.[77]

Increased activation of components of the complement system has been reported in the
amniotic fluid from patients with preterm labor.[46,83] Studying the amniotic fluid of 104
women with preterm labor with and without intra-amniotic infection, Elimian et al.[46]
found a significantly higher median C3 concentration in the culture-positive group. In
addition, our group reported that among 129 patients with preterm labor, those with intra-
amniotic infection had higher median amniotic fluid concentrations of the anaphylatoxins,
C3a, C4a and C5a.[83]

Although there are numerous reports regarding activation of the complement system in the
maternal and fetal compartments during normal gestation and complications of pregnancy,
[13,35-42,44-46,81,83] data concerning fragment Bb during pregnancy are scarce.[43,47,84]
Recently, Lynch et al.[43,47] were the first to report the association between elevated
maternal plasma fragment Bb concentrations and pregnancy complications. Elevated
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maternal plasma concentrations of fragment Bb in early pregnancy (before 20 weeks of
gestation) were associated with an increased risk for later development of preeclampsia.[43]
In a subsequent report, an association between increased maternal plasma concentrations of
fragment Bb in early pregnancy and a later spontaneous preterm birth before 34 weeks has
been proposed.[47]

Fragment Bb during normal pregnancy
The study presented herein reports, for the first time, the presence of fragment Bb in the
amniotic fluid. Fragment Bb, an activation product of the alternative pathway, was detected
in all samples included in this study, suggesting that it is a physiologic constituent of the
amniotic fluid. In addition, its concentration in amniotic fluid increases with gestational age
and does not change during labor at term or preterm, suggesting increasing physiologic
activation of the complement system through the alternative pathway with advancing
gestation, but without further activation during labor. These results are consistent with the
findings of Stabile et al.,[77] who reported higher amniotic fluid concentration of factor B
with advancing gestational age, and with a previous study from our group[83] that did not
find an association between spontaneous labor at term and changes in the amniotic fluid
concentration of other complement activation products (C3a, C4a and C5a).

Spontaneous labor at term is regarded as an inflammatory process.[85] Supporting this view
are its associations with inflammatory cells infiltration in the cervix,[86-88] myometrium,
[88,89] and chorioamniotic membranes,[88,90] and increased production of
proinflammatory cytokines[85,91] (i.e. IL-1ß,[88,92-94] IL-6,[88,94,95] TNF-α,[93,94] and
IL-8[88,95-97]) and chemokines[85,91] (i.e. GRO-α,[98] G-CSF,[95] MCP-1[99-101]).
However, the results presented herein and those reported by Soto et al.,[83] suggest that
spontaneous labor at term is not associated with activation of the complement system in the
amniotic fluid.

Fragment Bb in intra-amniotic infection/inflammation
The finding that IAI is associated with a higher median amniotic fluid concentration of
fragment Bb in patients with intact as well as ruptured membranes is novel and supports the
concept of activation of the complement system as part of the fetal inflammatory response to
microbial invasion of the amniotic cavity.[18,20] Evidence in support of this view comes
from a report by Hogasen et al.,[84] who analyzed the complement activation products in
cord blood of neonates born after preterm PROM, and reported a significantly increased
concentration of Bb in the cord blood of these neonates when compared to healthy controls.
Moreover, higher amniotic fluid concentration of C3[46] as well as of C3a, C4a and C5a[83]
have been found in women with preterm labor and microbial invasion of the amniotic cavity
compared to those with a negative amniotic fluid culture. Of interest, patients with PTL and
IAI who delivered within 72 hours of amniocentesis and had histologic evidence of placental
inflammation had a higher median amniotic fluid fragment Bb concentration than women
without it. Most cases (29/35) with a positive placental pathology for inflammation showed
evidence of fetal involvement manifested as funisitis, which is considered the histological
counterpart of the fetal inflammatory response syndrome.[50] Moreover, the association
between elevated amniotic fluid fragment Bb concentrations and IAI is independent of
confounding factors, such as gestational age at amniocentesis.

An interesting finding of the present study is that only women with IAI had an elevated
amniotic fluid fragment Bb concentration (≥6.2 μg/mL). All women with a normal
pregnancy (mid-trimester, term with or without labor) as well as those with PTL who
delivered preterm or at term and those with preterm PROM without IAI had amniotic fluid
fragment Bb concentrations below 6.2 μg/mL. Thus, although a cutoff of ≥6.2 μg/mL has a
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very low sensitivity for the identification of IAI, its specificity is as high as 100%. In other
words, if a fragment Bb concentration of ≥6.2 μg/mL is found in the amniotic fluid the
chance of intra-amniotic infection and/or inflammation is 100%. Moreover, among patients
with PTL and intact membranes with IAI who delivered within 72 hours from
amniocentesis, only those with histologic chorioamnionitis had an elevated amniotic fluid
fragment Bb concentration (Figure 5). This suggests that amniotic fluid fragment Bb
concentrations above ≥6.2 μg/mL may be almost exclusively attributed to intra-amniotic
infection and/or inflammation with histologic chorioamnionitis.

The fetal inflammatory response syndrome (FIRS), originally defined in fetuses with
preterm labor and preterm PROM by an elevated of the fetal plasma IL-6 concentration,[18]
is characterized by systemic activation of the fetal innate immune system.[18,20] In the
presence of invading microorganisms, an inflammatory process is initiated in order to
deliver cells and molecules to suppress the infection, to generate a barrier to the spread of
the infection and to support repair of the injured tissue.[32] This process involves: 1) the
attraction of cells to the site of injury, including macrophages, neutrophils, and lymphocytes;
and 2) the release of antimicrobial peptides, cytokines, chemokines, and other inflammatory
mediators such as prostaglandins, leukotrienes, and complement.[32] Some of these
molecules are capable of changing the state of activation of macrophages and neutrophils.
Indeed, fragment Bb has the ability to induce rapid macrophage spreading[102] and is an
effective inhibitor of macrophage migration in a dose-dependent manner.[103] All the while,
the complement component C5 has an opposite effect, causing enhancement of macrophage
migration where the outcome of the reaction will depend on the predominant peptide.[103]
Thus, a role for the alternative pathway of the complement system in the localization of
mononuclear phagocytes to areas of inflammation has been suggested.[102]

In conclusion, our study demonstrates that fragment Bb can be detected in the amniotic fluid
of all pregnant women, that intra-amniotic infection and/or inflammation is associated with
increased amniotic fluid concentration of fragment Bb, regardless of the membranes status,
and that the amniotic fluid fragment Bb concentration does not change with term or preterm
labor. Collectively, these findings suggest that activation of the alternative pathway of the
complement system may be part of the fetal innate immune response to intra-amniotic
infection/inflammation.
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Figure 1. Amniotic fluid concentration of fragment Bb in normal pregnancies in the mid-
trimester and at term, with and without spontaneous labor
The median amniotic fluid concentration of fragment Bb was higher in women at term not in
labor than in those in the mid-trimester [term not in labor: 2.42 μg/mL, interquartile range
(IQR) 1.78-3.22 vs. midtrimester: 1.64 μg/mL, IQR 1.06-3.49; p<0.001]. Among women at
term, the median amniotic fluid fragment Bb concentration did not differ between patients
with spontaneous labor and those not in labor (term in labor: 2.47 μg/mL, IQR 1.86-3.22;
p=0.97).
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Figure 2. Amniotic fluid concentration of fragment Bb among women with spontaneous preterm
labor and intact membranes
The median amniotic fluid concentration of fragment Bb was higher in patients with intra-
amniotic infection/inflammation (IAI) than in those without IAI who delivered preterm
(PTL: 4.82 μg/mL, IQR 3.32-6.08 vs. 3.67 μg/mL, IQR 2.35-4.57; p<0.001), as well as than
that of those who delivered at term (3.21 μg/mL, IQR 2.39-4.16; p<0.001). Among women
with PTL without IAI, there was no significant difference in the median amniotic fluid
fragment Bb concentration between patients who delivered preterm and those who delivered
at term (p=0.4).
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Figure 3. Amniotic fluid concentration of fragment Bb in women with preterm prelabor rupture
of membranes (preterm PROM)
median amniotic fluid concentration of fragment Bb was higher in patients with IAI than in
those without IAI (4.24 μg/mL, IQR 2.58-5.79 vs. 2.79 μg/mL, IQR 2.09-3.89; p<0.001).
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Figure 4.
Receiver operating characteristic (ROC) curve of amniotic fluid fragment Bb concentration
of patients with PTL and intact membranes for the identification of intra-amniotic infection/
inflammation (n=225, area under the curve 0.72, p<0.001).
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Figure 5. Amniotic fluid concentration of fragment Bb in women with spontaneous PTL, intact
membranes and IAI who delivered within 72 hours of amniocentesis and have placental
histopathologic diagnosis
Among women with IAI, the median amniotic fluid concentration of fragment Bb was
higher in patients with histologic chorioamnionitis than in those without (5.25 μg/mL, IQR
3.97-11.27 vs. 4.48 μg/mL, IQR 2.80-5.29; p=0.025).
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Table 1

Demographic and clinical characteristics of patients with a normal pregnancy in the mid-trimester and those at
term, with and without spontaneous labor.

Mid-trimester
(n=64) p a

Term not in
labor

(n=43)
p b

Term in labor
(n=70) p c

Maternal age (years) † 37 (35-38) <0.001 27 (21-32) <0.001 22 (20-27) <0.001

GA at amniocentesis

(weeks)†
16 (16-17) <0.001 39 (38-40) NS 39 (38-40) <0.001

GA at delivery (weeks)†† 39.5 (38-40) NS 39 (38-40) NS 39 (38-40) NS

Birth weight (grams)†† 3343 (3015-3616) NS 3250 (3030-
3580) NS 3330 (3100-

3680) NS

Values expressed as median (interquartile range)

GA: gestational age; NS: not significant.

a
p between mid-trimester and term not in labor

b
p between term not in labor and term in labor

c
p mid-trimester and term in labor

†
p<0.001,

††
p=NS, Kruskal-Wallis test with Bonferroni correction.
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Table 2

Demographic and clinical characteristics of patients presenting with spontaneous preterm labor (PTL) and
intact membranes.

PTL without IAI
Term delivery

(n=76)
p a

PTL without IAI
Preterm
delivery
(n=73)

p b
PTL with IAI

Preterm delivery
(n=76)

p c

Maternal age (years) 23 (20-27) NS 23 (20-29.5) NS 23 (20-28.2) NS

GA at amniocentesis

(weeks)†
30.7 (28.6-32.3) NS 29.3 (26.4-32.4) <0.001 27.4 (24.7-32.5) <0.001

GA at delivery (weeks)†† 38.7 (37.9-39.9) <0.001 33.0 (28.9-34.8) <0.001 27.6 (25.0-32.6) <0.001

Birth weight (grams)†† 3100 (2778-3387) <0.001 1956 (1080-2940) <0.001 1068 (647-1990) <0.001

Values expressed as median (interquartile range)

GA: gestational age; PTL: preterm labor; IAI: intra-amniotic infection/inflammation; NS: not significant.

a
p between PTL without IAI who delivered at term and PTL without IAI who delivered preterm

b
p between PTL without IAI who delivered preterm and PTL with IAI who delivered preterm

c
p between PTL without IAI who delivered at term and PTL with IAI who delivered preterm

†
p=0.006,

††
p<0.001, Kruskal-Wallis test with Bonferroni correction.
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Table 3

Demographic and clinical characteristics of patients presenting with preterm prelabor rupture of membranes
(preterm PROM).

Preterm PROM without
IAI

(n=71)

Preterm PROM
with IAI
(n=71)

p *

Maternal age (years) 24 (20-31) 28 (22-33) 0.03

GA at amniocentesis (weeks) 31.4 (27.6-32.7) 29.7 (26.6-32.0) 0.03

GA at delivery (weeks) 32.6 (30.3-33.7) 30.1 (28.0-32.1) <0.001

Birth weight (grams) 1835 (1435-2160) 1480 (1134-1810) <0.001

Values expressed as median (interquartile range)

GA: gestational age; IAI: intra-amniotic infection/inflammation; PROM: prelabor rupture of the membranes

*
Mann-Whitney U-test
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Table 4

Diagnostic indices and likelihood ratios of amniotic fluid fragment Bb concentration for the detection of intra-
amniotic infection/inflammation in patients presenting with spontaneous preterm labor with intact membranes
(n=225).

Cutoff
(μg/mL)

OR
(95% CI)

Sensitivity
(95% CI)

Specificity
(95% CI)

+LR
(95% CI)

−LR
(95% CI)

≥ 4.31 5.1
(2.8-9.2)

61.8%
(53.0-69.8)

75.8%
(71.3-79.9)

2.56
(1.85-3.48)

0.50
(0.38-0.66)
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