

[image: image1]
The Relationship Among Intra-Amniotic Inflammatory Response, The Progression of Inflammation in Chorionic Plate and Early-Onset Neonatal Sepsis












	
	ORIGINAL RESEARCH
published: 29 April 2021
doi: 10.3389/fped.2021.582472






[image: image2]

The Relationship Among Intra-Amniotic Inflammatory Response, The Progression of Inflammation in Chorionic Plate and Early-Onset Neonatal Sepsis

Kyung Chul Moon1†, Jeong-Won Oh2†, Chan-Wook Park3,4*, Joong Shin Park3 and Jong Kwan Jun3,4


1Department of Pathology, Seoul National University College of Medicine, Seoul, South Korea

2Department of Obstetrics and Gynecology, Soonchunhyang University Seoul Hospital, Seoul, South Korea

3Department of Obstetrics and Gynecology, Seoul National University College of Medicine, Seoul, South Korea

4Seoul National University Medical Research Center, Institute of Reproductive Medicine and Population, Seoul, South Korea

Edited by:
Fiammetta Piersigilli, Cliniques Universitaires Saint-Luc, Belgium

Reviewed by:
Cinzia Auriti, Bambino Gesù Children Hospital (IRCCS), Italy
 Iliana Bersani, Bambino Gesù Children Hospital (IRCCS), Italy

*Correspondence: Chan-Wook Park, hwpark0803@gmail.com

†These authors have contributed equally to this work

Specialty section: This article was submitted to Neonatology, a section of the journal Frontiers in Pediatrics

Received: 12 July 2020
 Accepted: 08 March 2021
 Published: 29 April 2021

Citation: Moon KC, Oh J-W, Park C-W, Park JS and Jun JK (2021) The Relationship Among Intra-Amniotic Inflammatory Response, The Progression of Inflammation in Chorionic Plate and Early-Onset Neonatal Sepsis. Front. Pediatr. 9:582472. doi: 10.3389/fped.2021.582472



Background: The chorionic plate (CP) has been denigrated by the well-known route of the extraplacental membranes from the decidua parietalis through the chorion to the amnion in the progression of ascending intrauterine infection among preterm births (PTBs). However, considering previous studies reporting the relationship among intra-amniotic inflammatory response (IAIR), the progression of inflammation in extraplacental membranes and early-onset neonatal sepsis (EONS), and the anatomic connection between extraplacental membranes and CP, there is a good chance that IAIR would be more likely and severe according to the progression of inflammation in CP, and this progression of inflammation in CP would be associated with a significant increase in EONS in neonates delivered due to either PTL or preterm-PROM. Unfortunately, there is no information about the relationship among IAIR, the progression of inflammation in CP, and EONS among spontaneous PTBs. The objective of the current study is to examine this issue.

Method: The study population included 309 singleton pregnant women-delivered preterm neonates with the following conditions: (1) gestational age (GA) at delivery: 20.0~36.9 weeks; (2) spontaneous PTBs: PTL (151 cases) or preterm-PROM (158 cases); (3) available results of placental histologic examination; (4) without congenital anomaly; and (5) delivery within 60 h of amniocentesis. We examined IAIR, and the frequency of intra-amniotic inflammation (IAI) and EONS according to the progression of inflammation in CP [i.e., stage-0, inflammation-free CP; stage-1, inflammation restricted to subchorionic fibrin (SCF); stage-2, inflammation in connective tissue (CT) of CP but without chorionic vasculitis; and stage-3, chorionic vasculitis]. IAIR was determined by amniotic fluid (AF) matrix metalloproteinase-8 (MMP-8) concentration (ng/ml), and IAI was defined as an elevated AF MMP-8 concentration (≥23 ng/ml). EONS included either suspected or proven EONS.

Results: (1) Each stage (stage-0 to stage-3) was present in 69.3% (214/309), 15.9% (49/309), 11.0% (34/309), and 3.9% (12/309) of the study population. (2) AF MMP-8 concentrations continuously elevated according to the progression of inflammation in CP [stage-0 vs. stage-1 vs. stage-2 vs. stage-3; median (ng/ml), range (ng/ml); 6.0 (0.3–4202.7) vs. 153.9 (0.3–6142.6) vs. 464.9 (5.8–3929.0) vs. 1,780.4 (35.1–5019.5); Kruskal–Wallis test, P < 0.001 and Spearman's rank-correlation test, P < 0.000001, r = 0.553]. (3) Moreover, the frequency of IAI and EONS gradually increased with the progression of inflammation in CP [stage-0 vs. stage-1 vs. stage-2 vs. stage-3; IAI, 30.5% (64/210) vs. 70.2% (33/47) vs. 96.7% (29/30) vs. 100% (12/12); EONS, 3.5% (7/200) vs. 25.5% (12/47) vs. 32.3% (10/31) vs. 40.0% (4/10); each for Pearson's chi-square test, P < 0.000001 and linear-by-linear association, P < 0.000001]. (4) Of note, multiple logistic regression analysis demonstrated that a more advanced stage in the progression of inflammation within CP was associated with a higher odds ratio (OR) for EONS [stage-1 vs. stage-2 vs. stage-3; OR, 7.215, 95% confidence-interval (CI) (2.177–23.908) vs. OR, 10.705, 95% CI (2.613–43.849) vs. OR, 27.189, 95% CI (2.557–289.124)] compared with stage-0 even after the adjustment for potential confounding variables.

Conclusion: IAIR is more likely and severe according to the progression of inflammation in CP, and this progression of inflammation in CP is an independent risk factor for EONS in spontaneous PTBs. This finding suggests that CP may be another playground for the progression of ascending intrauterine infection in addition to extraplacental membranes, and the progression of inflammation in CP may be used for the prediction of EONS in spontaneous PTBs.
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INTRODUCTION

The causes of spontaneous preterm birth (PTB) remain largely elusive (1). Ascending intrauterine infection is one of the causes of spontaneous PTB (1, 2). Ascending intrauterine infection proceeds from the vagina–cervical canal through the chorio-decidua to either the chorionic vessels (CVs) or the amnion and amniotic cavity, and finally invades the fetus (2). Moreover, ascending intrauterine infection evokes inflammatory responses in each placental compartment [i.e., extraplacental membranes, chorionic plate (CP), and umbilical cord] (3–7) and amniotic fluid (AF) (8, 9). During the progression of ascending intrauterine infection in extraplacental membranes, maternal neutrophils migrate from the decidua parietalis via the membranous trophoblast and connective tissue (CT) of the chorion to the amnion in an outside-in pattern within the extraplacental membranes, and this progression of inflammation within the extraplacental membranes is associated with more frequent positive AF culture and more intense intra-amniotic inflammatory response (IAIR) (10–12).

Extraplacental membranes and CP have a similarity of structural arrangement in that the membranous trophoblast and CT of chorion in the extraplacental membranes locate between the decidua parietalis and the amnion, and the subchorionic fibrin (SCF) and CT in CP lie between the decidua basalis/inter-villous space (IVS) and the amnion. Moreover, the extraplacental membranes are anatomically connected with the CP layer by layer as in the following: (1) the decidua parietalis in the extraplacental membranes is attached to the decidua basalis beneath the placental disc; (2) the membranous trophoblast of the chorion in the extraplacental membranes is connected with the SCF in CP; (3) the CT of the chorion in the extraplacental membranes is directly linked to the CT in CP; and (4) the amnion covers the innermost part of both the extraplacental membranes and CP.

Considering the previous studies reporting the relationship among IAIR, the progression of inflammation in the extraplacental membranes and early-onset neonatal sepsis (EONS) (10–12), and the anatomic connection between the extraplacental membranes and CP, there is a good chance that IAIR would be more likely and severe according to the progression of inflammation in CP, and this progression of inflammation in CP would be associated with a significant increase in EONS in neonates delivered due to either preterm labor with intact membranes (PTL) or preterm premature rupture of membranes (preterm-PROM). Unfortunately, there is a paucity of data about the relationship among IAIR, the progression of inflammation in CP, and EONS among spontaneous PTBs (Supplementary Table 1) (4, 13–23). Therefore, we performed the current study to examine this issue.



MATERIALS AND METHODS


Study Design and Patient Population

Study population included 309 singleton pregnant women-delivered preterm neonates at the Seoul National University Hospital from February 1993 to April 2004. Patients were eligible for inclusion if they met the following conditions: (1) gestational age (GA) at delivery between 20.0 and 36.9 weeks, (2) types of preterm birth: PTL (151 cases), or preterm-PROM (158 cases), (3) available results of placental histologic examination after delivery, (4) without anomaly, and (5) delivery within 60 h of amniocentesis (Supplementary Figure 1). The criterion of amniocentesis-to-delivery interval was applied to preserve a meaningful temporal relationship between the results of AF studies and the pathologic findings of placenta obtained at delivery. At our institution, trans-abdominal amniocentesis for retrieval of AF in order to identify microbiologic and inflammatory status with fetal lung maturity and placental pathologic examination after delivery were routinely recommended and performed on all pregnant women hospitalized with either PTL or preterm-PROM. PTL and preterm-PROM were diagnosed with previously published criteria (24, 25). The intensity of IAIR, and the frequency of intra-amniotic inflammation (IAI) and positive AF culture were studied according to the progression of inflammation in CP. Written informed consent was acquired from the study population. The Institutional Review Board of our institute (SNUH) specifically approved the current study (IRB No. 1909-128-1066).



Clinical Characteristics and Pregnancy Outcomes Including Early-Onset Neonatal Sepsis

The clinical characteristics of mothers and their neonates were investigated from the medical records. Data included maternal age, parity, GA at amniocentesis, type of preterm delivery, GA at delivery, birth weight, gender of newborn, 1- and 5-min Apgar scores, delivery mode, the frequency of inflammation in extraplacental membranes (i.e., chorio-deciduitis and amnionitis) and funisitis, and antenatal corticosteroids and antibiotic use. EONS was proved in the presence of a positive blood culture result within 72 h of delivery and was suspected in the absence of a positive culture when two or more items were obtained among the following items: (1) WBC <5,000 cells/mm3, (2) polymorpholeukocytes <1,800 cells/mm3, and (3) band neutrophils/total neutrophils > 0.2. These diagnostic criteria were previously used in the literature (10, 26, 27). EONS was defined in the presence of proven or suspected EONS in the current study. We excluded 21 neonates in the analysis of EONS due to extremely premature birth and subsequent immediate death (11 cases) or no information about EONS in the medical records (10 cases) and thus could not evaluate the presence or absence of EONS in them.



Placental Pathologic Examination

Placental tissue samples for pathologic examination were extraplacental membranes, CP, and umbilical cord. Formalin-fixed paraffin-embedded (FFPE) blocks with placental tissue samples were made and stained with hematoxylin and eosin (H & E). Clinical information was not supplied to pathologists. Chorio-deciduitis, amnionitis, and funisitis were diagnosed according to the criteria previously defined (14) as in the following; (1) for chorio-deciduitis, at least one focus of more than five neutrophils in the chorio-decidua; (2) for amnionitis, at least one focus of more than five neutrophils in the amnion; and (3) for funisitis, neutrophil infiltration into the umbilical vessel walls or Wharton's jelly. Inflammation in CP was diagnosed as neutrophilic infiltration in CP with the use of the previously reported criteria (14), and the progression of inflammation in CP was classified into four stages with a slightly modified criteria from a previous report (28) (i.e., stage 0, inflammation-free CP; stage 1, inflammation restricted to SCF; stage 2, inflammation in the CT of CP without chorionic vasculitis; and stage 3, chorionic vasculitis).



Amniotic Fluid Studies

AF was cultured for the evaluation of microbial invasion to the amniotic cavity (i.e., aerobic and anaerobic bacteria, and genital mycoplasmas such as Ureaplasma urelyticum and Mycoplasma hominis) according to the methods previously described (24, 25). The remaining fluid was centrifuged and stored in polypropylene tubes at −70°C (29). Matrix metalloproteinase-8 (MMP-8) concentrations in stored AF were measured with a commercially available enzyme-linked immunosorbent assay (Amersham Pharmacia Biotech, Inc., Little Chalfont, Bucks) (29). Details about this assay and its performance have been previously reported (29). The intensity of IAIR was gauged by AF MMP-8 level (ng/ml), and IAI was defined as the presence of an elevated AF MMP-8 level (≥23 ng/ml) as previously described (29, 30). MMP-8, which is called neutrophil collagenase, is synthesized as a latent proenzyme during the myelocyte stage and stored within specific granules of neutrophils, ultimately being released from neutrophils during inflammation in vivo (29). AF culture results were present in 303 patients, and IAI results were available in 299 patients because IAIR was not examined in 10 patients due to the limited amount of remaining AF.



Statistical Analysis

The Kruskal–Wallis test was used to compare the continuous variables, and Pearson's chi-square test was used to compare the categorical variables according to the progression of inflammation in CP. Moreover, linear by linear association was used to compare the frequency of inflammation in placental compartments (i.e., chorio-deciduitis, amnionitis, and funisitis) according to the progression of inflammation in CP. Spearman's rank correlation test was used to examine the correlation between IAIR and the progression of inflammation in CP. Pearson's chi-square test was used for the comparison of the frequency of IAI, positive AF culture, and suspected or proven EONS among four groups, and the linear by linear association test was used to investigate the trend. We performed multiple logistic regression analysis for the exploration of the relationship between various variables and EONS with the adjustment of potential confounders (i.e., GA at delivery, GA at amniocentesis, gender of newborn, preterm-PROM as a type of preterm delivery, and cesarean delivery) associated with inflammatory responses and parameters [i.e., parity (≥1), antenatal corticosteroid use, and antenatal antibiotics use] different among groups according to the progression of inflammation in CP. Statistical significance was defined as a P < 0.05.




RESULTS


Clinical Characteristics and Pregnancy Outcomes According to the Progression of Inflammation Within the Chorionic Plate

Each stage (stage-0 to stage-3) in the progression of inflammation within CP was present in 69.3% (214/309), 15.9% (49/309), 11.0% (34/309), and 3.9% (12/309) of the study population, respectively (Table 1). We found a significant difference in GA at amniocentesis, GA at delivery and birth weight, and in the frequency of parity (≥1), 1-min Apgar score <7, 5-min Apgar score <7, antenatal corticosteroids use, and antenatal antibiotic use among stages according to the progression of inflammation in CP (Table 1). Of note, chorio-deciduitis, amnionitis, and funisitis gradually increased with increasing stage of inflammation in CP (Table 1). Moreover, we also found chorio-deciduitis, amnionitis, funisitis, suspected EONS, and proven EONS were significantly more frequent in cases with IAI than in those without IAI (Table 2).


Table 1. Clinical characteristics and pregnancy outcomes according to the progression of inflammation within the chorionic plate (CP).
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Table 2. Clinical characteristics, and pregnancy and neonatal outcomes according to the presence or absence of intra-amniotic inflammation (IAI).
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Amniotic Fluid Matrix Metalloproteinase-8 Concentrations, and the Frequency of Intra-Amniotic Inflammation and Positive Amniotic Fluid Culture According to the Progression of Inflammation Within the Chorionic Plate

Figure 1 demonstrated the correlation between AF MMP-8 levels and the progression of inflammation in CP. AF MMP-8 levels gradually elevated according to the progression of inflammation in CP (Kruskal–Wallis test, P < 0.001; Spearman's rank correlation test, P < 0.000001, γ = 0.553). Moreover, there was a significantly stepwise elevation in the frequency of IAI (Figure 2A) and positive AF culture (Figure 2B) according to the progression of inflammation in CP (each for P < 0.00005 in Pearson's chi-square test and P < 0.000005 in a linear-by-linear association). Table 3 demonstrated the types of microorganisms that were isolated from AF according to the progression of inflammation in CP. Genital mycoplasmas (i.e., Ureaplasmas and Mycoplasmas) were the most common isolates (65.5%; 38/58) in positive AF culture (Table 3). It is interesting that genital mycoplasma was not found in any cases with chorionic vasculitis (stage-3) (Table 3).


[image: Figure 1]
FIGURE 1. Amniotic fluid (AF) MMP-8 concentrations according to the progression of inflammation within chorionic plate (CP) [stage-0, inflammation-free CP vs. stage-1, inflammation restricted to subchorionic fibrin (SCF) vs. stage-2, inflammation in the connective tissue (CT) of CP without chorionic vasculitis vs. stage-3, chorionic vasculitis; median, range, 6.0 ng/ml (0.3–4202.7 ng/ml) vs. 153.9 ng/ml (0.3–6142.6 ng/ml) vs. 464.9 ng/ml (5.8–3929.0 ng/ml) vs. 1780.4 ng/ml (35.1–5019.5 ng/ml)] among preterm gestations. Each P-value is shown in the graph. AF MMP-8 concentration results were available in 299 patients, and those were not examined in 10 patients due to the limited amount of remaining AF.
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FIGURE 2. The frequency of intra-amniotic inflammation (IAI) (A) and positive amniotic fluid (AF) culture (B) according to the progression of inflammation within chorionic plate (CP) [i.e., stage-0, inflammation-free CP vs. stage-1, inflammation restricted to subchorionic fibrin (SCF) vs. stage-2, inflammation in the connective tissue (CT) of CP without chorionic vasculitis vs. stage-3, chorionic vasculitis] among preterm gestations. Each P-value is shown in the graph. AF culture results were available in 303 patients. IAI results were available in 299 patients, and those were not examined in 10 patients due to the limited amount of AF remaining.



Table 3. Types of microorganisms isolated from the amniotic fluid (AF) according to the progression of inflammation in the chorionic plate (CP)a.
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Early-Onset Neonatal Sepsis According to the Progression of Inflammation Within Chorionic Plate

Table 4 describes the clinical characteristics and pregnancy outcomes according to the presence or absence of suspected or proven EONS. There was a significant difference in GA at amniocentesis, GA at delivery and birth weight, and in the frequency of 1-min Apgar score <7, 5-min Apgar score <7, and inflammation in each placental compartment (i.e., chorio-deciduitis, amnionitis, funisitis, and inflammation in CP). Figure 3 illustrated the relationship between the progression of inflammation in CP and the frequency of suspected or proven EONS (Figure 3A) and proven EONS (Figure 3B). The frequency of suspected or proven EONS (Figure 3A) and proven EONS (Figure 3B) continuously increased with the progression of inflammation in CP (each for P < 0.005 in Pearson's chi-square test and each for P < 0.0005 in a linear-by-linear association). Moreover, Supplementary Figure 2 shows a significant step-wise increase in the frequency of suspected or proven EONS, or immediate neonatal death shortly after birth (Supplementary Figure 2A), proven EONS or immediate neonatal death shortly after birth (Supplementary Figure 2B), and immediate neonatal death shortly after birth (Supplementary Figure 2C) according to the progression of inflammation within CP (each for P < 0.05 in a linear-by-linear association). Supplementary Figure 3 shows the predicted probability of suspected or proven EONS, or immediate neonatal death shortly after delivery according to GA at delivery and the presence or absence of inflammation in CP among 302 cases with GA at delivery (≥24 weeks) of the study population. Logistic regression analysis demonstrated that the presence of inflammation in CP was related to an increase in suspected or proven EONS, or immediate neonatal death shortly after delivery even after adjusting for GA at delivery [odds ratio (OR) = 5.887, 95% confidence interval (CI) 2.448–14.155, P = 0.000075; Supplementary Figure 3]. Notably, multiple logistic regression analysis demonstrated that each stage in the progression of inflammation within CP was a risk factor for the development of suspected or proven EONS compared with stage-0 even after the adjustment for potential confounding variables such as GA at delivery and GA at amniocentesis, and moreover, a more advanced stage in the progression of inflammation within CP was associated with a higher OR for the development of suspected or proven EONS in univariate analysis (Table 5) and multiple logistic regression analysis [Table 6; stage-1 vs. stage-2 vs. stage-3; OR, 7.976, 95% CI (2.296–27.714) vs. OR, 9.936, 95% CI (2.361–41.814) vs. OR, 34.916, 95% CI (2.701–451.394)].


Table 4. Clinical characteristics and pregnancy outcomes according to the presence or absence of suspected or proven early-onset neonatal sepsis (EONS)a.
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FIGURE 3. The frequency of suspected or proven early-onset neonatal sepsis (EONS) (A) and proven EONS (B) according to the progression of inflammation within chorionic plate (CP) [i.e., stage-0, inflammation-free CP vs. stage-1, inflammation restricted to subchorionic fibrin (SCF) vs. stage-2, inflammation in the connective tissue (CT) of CP without chorionic vasculitis vs. stage-3, chorionic vasculitis] among preterm gestations. Each P-value is shown in the graph. Twenty-one neonates were excluded from the analysis of suspected or proven EONS among 309 cases because they died shortly after delivery as a result of extremely prematurity (n = 11) or had no information about EONS in the medical records (n = 10) and thus could not be evaluated with respect to the presence or absence of EONS.



Table 5. The relationship between a stage-group according to the progression of inflammation in the chorionic plate (CP) and suspected or proven early-onset neonatal sepsis (EONS) when each stage-group was compared with stage-0 group (inflammation-free CP) by univariate analysis.
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Table 6. The relationship between various variables and suspected or proven early-onset neonatal sepsis (EONS) by multiple logistic regression analysis among groups according to the progression of inflammation in the chorionic plate (CP).
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The Progression of Inflammation Within Chorionic Plate

Supplementary Figure 4 shows inflammation-free CP (Supplementary Figure 4A), inflammation restricted to SCF (Supplementary Figure 4B), inflammation in the CT of CP without chorionic vasculitis (Supplementary Figure 4C), and chorionic vasculitis (Supplementary Figure 4C) in H & E-stained histologic sections of CP.




DISCUSSION


Principal Findings

The principal findings of this study were that IAIR is more likely and severe according to the progression of inflammation in CP (i.e., inflammation-free CP, inflammation restricted to SCF, inflammation in the CT of CP without chorionic vasculitis, and chorionic vasculitis), and this progression of inflammation in CP is an independent risk factor for the development of EONS in neonates delivered due to either PTL or preterm-PROM.



Limitations in Previous Classifications of Acute Inflammation in the Chorionic Plate

There are various classifications of acute inflammation in CP as an independent compartment (Supplementary Table 1). However, all had limitations as follows. First, most studies did not include inflammation restricted to the SCF as an initial stage of inflammation in CP (13, 15, 16, 18–23). Instead, some studies included inflammation in IVS (i.e., subchorionic IVS, or between decidua and CP) as an early stage of inflammation in CP (13, 15, 16, 18, 19, 21), although IVS is regarded as placenta parenchyma but not CP. Second, most studies did not include the inflammation in the CT of CP (18, 21, 23) or chorionic vasculitis (13, 15, 16, 18, 19, 21–23), and did not differentiate between inflammation in the CT of CP and chorionic vasculitis (14, 17).



No Previous Study Demonstrated the Correlation Between Intra-Amniotic Inflammatory Response and the Progression of Inflammation Within the Full-Detailed Subdivisions of the Chorionic Plate

Several previous studies reported that IAIR gradually elevated according to the progression of inflammation in CP (Supplementary Table 1) (13, 15, 16, 18, 19, 21, 22). However, all those studies did not include both the inflammation restricted to SCF as an early stage inflammation and chorionic vasculitis as an advanced stage inflammation. Therefore, those studies could not provide the exact intensity of IAIR with the progression of inflammation within the full-detailed subdivisions of CP as an independent compartment. Of note, up to now, there are only three classifications with the full-detailed subdivisions in CP (28, 31, 32). Inflammation in CP was divided into maternal inflammatory response (MIR) (i.e., stage 1, inflammation in SCF and stage 2, inflammation in fibrous chorion) and fetal inflammatory response (FIR) (i.e., stage 1, chorionic vasculitis) in the “Amsterdam staging system” (31), and Blanc (32) and Salafia et al. (28) included the full-detailed compartments for the analysis of inflammation in CP (i.e., Blanc WA: subchorionic IVS, placental chorion, CVs, and amnion; and Salafia et al. inflammation-free CP, mild inflammation-restricted to SCF, severe inflammation-restricted to SCF, inflammation in the CT of CP without chorionic vasculitis, and chorionic vasculitis). Unfortunately, those studies did not examine IAIR. Moreover, there was no study reporting a stepwise elevation in positive AF culture according to the progression of inflammation within the full-detailed subdivisions of CP. To my knowledge, we first demonstrated that IAIR gradually increased with the progression of inflammation in the full-detailed subdivisions of CP.



Progression of Inflammation Within the Chorionic Plate May Be a Reliable Indicator for the Severity of Intra-Amniotic Inflammatory Response

Maternal neutrophils that escaped from maternal decidual vessels invade extraplacental membranes (i.e., decidua parietalis, chorion, and amnion), and fetal neutrophils from umbilical vein and/or arteries infiltrate into umbilical vessel walls and Wharton's jelly of umbilical cord during ascending intrauterine infection (33). Moreover, maternal neutrophils via IVS and fetal neutrophils through CVs can migrate to the CT in CP featuring the amniotropism by ascending intrauterine infection (34). Indeed, both fetal and maternal neutrophils are shown in the progression of inflammation in CP (17), while pure fetal and maternal neutrophils are exclusively found in umbilical cord and extraplacental membranes, respectively, in the context of ascending intrauterine infection (35, 36). Given that acute inflammation simultaneously develops in each placental compartment (i.e., extraplacental membranes, umbilical cord, and CP) during the progression of ascending intrauterine infection, AF neutrophils in the context of IAI is likely to show the mixture of fetal and maternal neutrophils migrated from each placental compartment. Indeed, AF neutrophils are known to be either predominantly of fetal or maternal origin, in women with IA infection and/or inflammation (37). Therefore, considering the mixed pattern of fetal and maternal neutrophils in both CP and AF during ascending intrauterine infection, the progression of inflammation within CP as an independent compartment for the analysis of acute inflammation may be a reliable indicator for the severity of IAIR.



A More Advanced Stage in the Progression of Inflammation in the Chorionic Plate Is Associated With a Higher Odds Ratio for the Development of Early-Onset Neonatal Sepsis Even After the Adjustment for Potential Confounding Variables Such as Gestational Age at Delivery

We did not find any previous studies about a stepwise increase in the frequency of EONS according to the progression of inflammation in the full-detailed subdivisions of CP even after the adjustment for potential confounding variables such as GA at delivery (Supplementary Table 1). However, this finding in the current study may indicate that CP can be an independent compartment for the assessment of infectious neonatal morbidities (i.e., EONS), although CP continues to be denigrated compared with either the extraplacental membranes or umbilical cord.



Inflammation-Free Chorionic Plate Cannot Reflect Inflammation-Free Extraplacental Membranes

Notably, chorio-deciduitis was found in about one-fourth of the cases with inflammation-free CP [23.4% (50/214)] suggesting that inflammation-free CP cannot reflect inflammation-free extraplacental membranes. This finding is easily explained by the more adjacent location of the chorio-decidua in extraplacental membranes than CP to the cervical canal leading to the conclusion that acute inflammation during ascending intrauterine infection is more likely to develop in the chorio-decidua than in the CP. Indeed, the frequency of chorio-deciduitis was decreased considerably to 6.3% (1/16) in patients with inflammation-free CP in the context of placenta previa among the current study population (data are not shown). In other words, inflammation-free extraplacental membranes were found in more than 90% [93.8% (15/16)] of the cases with inflammation-free CP in the context of placenta previa (data are not shown). Given that CP is directly exposed to the cervical canal, and extraplacental membranes are more remote from the cervical canal than CP in the placenta previa, one can expect that the inflammation-free CP may reflect inflammation-free extraplacental membranes in cases with placenta previa.



Strengths and Weaknesses of the Study

This study had major strengths. First, it included a large cohort of singleton preterm gestations who had results of AF study and placental histology with full-detailed subdivisions of CP (n = 309). Although a previous study examined the relationship between IAIR and progression of inflammation in CP in a large study population (n = 428) (22), they included term births in addition to preterm births and did not classify CP into the full-detailed subdivisions. Second, this study reaffirmed a clear correlation between IAIR and the progression of inflammation in CP by showing a stepwise increase in the frequency of several surrogate markers for ascending intrauterine infection (i.e., positive AF culture, choriodeciduitis, amnionitis, and funisitis) according to the progression of inflammation in CP. The weaknesses of the current study are as follows. First, we included the results of placenta histologic examination and AF in 309 singleton pregnant women with spontaneous preterm birth from February 1993 to April 2004, and therefore, we should explain the stability about the documentation of placental histopathologic reports and the measurement of AF MMP-8. However, the placental histopathologic reports have been routinely documented with the same diagnostic criteria (14, 28) within 1 week after delivery in all pregnant women-delivered preterm neonates in our institute. Moreover, we already finished the measurement of AF MMP-8 concentration in most study populations before the year 2006. Of note, at the year 2000, we first measured MMP-8 in AF obtained and stored in polyprophylene tubes at 70°C from most patients enrolled into our biobank between January 1993 and December 1999 for our previous two studies (29, 38), and verified that there was no significant difference in the median concentration of AF MMP-8 among the sampling year in the same context of situation (i.e., asymptomatic mid-trimester pregnant women). Furthermore, since 2000, we usually finished the measurement of MMP-8 in AF stored in polyprophylene tubes at 70°C within 1 year after the initial enrollment into our biobank for our previous studies about IAIR gauged by AF MMP-8 concentration in the context of singleton preterm birth. Second, we did not demonstrate a significant difference in the frequency of several surrogate markers for ascending intrauterine infection (i.e., IAI, positive AF culture, and EONS) between stage-1 and stage-2, and between stage-1 and stage-3, and a significant linear trend among stages-1 to -3 after removing the no inflammation group (stage-0, inflammation-free CP) according to the progression of inflammation in the full-detailed subdivisions of CP due to a small sample size for some groups (i.e., stage-2 and stage-3). However, the scope of our current study is to examine whether “there is a stepwise increase in several surrogate markers for ascending intrauterine infection (i.e., IAI, positive AF culture, and EONS),” but not “there is a significant difference in several surrogate markers for ascending intrauterine infection between each group,” according to the progression of inflammation in the full-detailed subdivisions of CP. Moreover, we must include at least 1,000–3,000 cases as study population to show a significant difference in several surrogate markers for ascending intrauterine infection between each stage group and a significant linear trend among stages-1 to -3 after removing the no inflammation group (stage-0, inflammation-free CP) according to the progression of inflammation in the full-detailed subdivisions of CP. Unfortunately, although only the national registry (big data) can include this tremendous number of study population, it cannot have something like our current data (i.e., AF and placenta histologic examination results).



Clinical Implication

This is the first report showing that there is a stepwise increase in IAIR and several surrogate markers for ascending intrauterine infection [i.e., positive AF culture, inflammation in each placental compartment (i.e., choriodeciduitis, amnionitis, and funisitis) and EONS] according to the progression of inflammation in the full-detailed subdivisions of CP as an independent compartment for the assessment of acute inflammation. This finding suggests that CP may be another playground for the progression of ascending intrauterine infection in addition to extraplacental membranes, and the assessment for the progression of inflammation in CP may be a method for the prediction of EONS in spontaneous PTBs.



Unanswered Question and Further Study

Either chorionitis (inflammation in membranous trophoblast of chorion within extraplacental membranes) or subchorionitis (inflammation in SCF within CP) is classified as MIR stage 1 in the Amsterdam Staging System, an early stage of acute placental inflammation (31). Indeed, our previous report demonstrated that IAIR was more intense in cases with inflammation restricted to chorio–decidua than in those with inflammation-free extraplacental membranes within extraplacental membranes (11), and the current study shows that IAIR was more severe in patients with inflammation restricted to SCF than in those with inflammation-free CP within CP. However, there is no information on which is associated with a more intense IAIR and a higher frequency of surrogate markers for ascending intrauterine infection (i.e., positive AF culture and funisitis) between inflammation restricted to chorio–decidua within extraplacental membranes or inflammation restricted to SCF within CP among preterm gestations with acute placental inflammation. The investigation to answer that question is likely to be a trigger for the exploration of targets for early intervention in patients at risk for spontaneous PTB.
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information about EONS in the mediical records (n = 10) and thus could not be evaluated with respect to the presence or absence of EONS.

001 288 cases, 284 patients were inclucied in this analysis because the information about antenatal corticosteroids use in the medical records was omitted in four patients.

©Of 288 cases, 276 patients were included in this analysis because the information about antenatal antibiotics use in the medical records was omitted in 12 patients.
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Presence or absence of inflammation in CP Stage-1, inflammation restricted to SCF 9453 (3.480, 25.678) 0000011
and the stage according to the progression of inflammation in P Stage-2, inflammation in CT of CP 13.129 (4528, 38.113) 0000002
Stage-3, chorionic vasculitis 18.381 (4.214,80.171) 0.000107

EONS, early-onset neonatal sepsis; CP, chorionic plate; CT, connective tissue; SCF, subchorionic fibrin.
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