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Highlights

What are the main findings?

e  Neonates with histological chorioamnionitis (HCAM) and funisitis had a lower gesta-
tional age and a higher incidence of clinical chorioamnionitis.

e  Extremely preterm neonates with funisitis were associated with a markedly greater
protection effect on respiratory distress syndrome but a higher risk to develop early
cystic-interstitial lung and chronic lung disease than HCAM.

What are the implications of the main findings?

e  Extremely preterm neonates with funisitis will have poor respiratory outcomes. The
identification of predictive approaches for funisitis and the timely initiation of anti-
inflammatory therapy may contribute to improved respiratory outcomes

Abstract

Background/Objectives: Histological chorioamnionitis (HCAM) is a risk factor of chronic
lung disease (CLD) in preterm neonates. Funisitis, an indicator of fetal inflammatory
response, has been linked to adverse neonatal outcomes, but its impact on respiratory
outcomes in extremely preterm neonates remains uncertain. In this study, we investigated
whether HCAM with funisitis is associated with poorer respiratory outcomes when com-
pared with HCAM alone in preterm (gestational age 22-36 weeks) neonates. Methods:
This was a retrospective cohort study. We divided very low-birth weight (VLBW) preterm
neonates with placenta histopathology examinations into three groups—normal, isolated
HCAM, and HCAM with funisitis. Perinatal characteristics, radiographic findings, mor-
bidities, and respiratory outcomes were compared. Results: Among 244 VLBW neonates,
25 (10.2%) had HCAM with funisitis, 88 (36.1%) had isolated HCAM, and the remaining
131 were in the normal group. Neonates with HCAM and funisitis had a significantly
lower gestational age (26.44 £ 2.1 weeks) but a higher incidence of clinical chorioamnionitis
(40.0%) than those with isolated HCAM (12.5%) or normal placentas (6.9%). Moreover, the
incidence of cystic-interstitial lung changes before 2 weeks of postnatal age was higher
in the HCAM with funisitis group (56.5%) than in the isolated HCAM group (25.0%),
and the normal group (4.4%). CLD occurred in 66.7%, 37.7%, and 1.3% of these groups,
respectively, and the need for home oxygen at follow-up was 26.1%, 13.7%, and 6.4%. Both
isolated HCAM and HCAM with funisitis protected against severe respiratory distress
syndrome. However, extremely preterm birth and funisitis had a more adverse impact on
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CLD development than HCAM alone (adjusted odds ratio 15.259 vs. 3.841). Conclusions:
Funisitis independently predicts poor respiratory outcomes in extremely preterm infants.
The long-term clinical impacts of funisitis in preterm infants should be further investigated.

Keywords: funisitis; chronic lung disease; histological chorioamnionitis; preterm neonates

1. Introduction

Chorioamnionitis (CAM) is an ascending infection of the intrauterine cavity during
pregnancy [1]. Compared with clinical CAM, histologic chorioamnionitis (HCAM) provides
a more reliable histopathologic diagnosis of intra-amniotic infection, with a higher negative
and acceptable positive predictive value [2]. The incidence of HCAM reaches 60-80% in
extremely preterm neonates, reflecting its high prevalence in this population [3].

HCAM involves inflammation of the placenta, fetal membranes, and umbilical cord,
and is classified as isolated HCAM or HCAM with funisitis [4]. Isolated HCAM, charac-
terized by neutrophil infiltration along the amniochorionic plate, represents a maternal
inflammatory response to infection and is staged by the depth of neutrophil invasion [4].
In contrast, funisitis denotes inflammation of the umbilical vessels and Wharton’s jelly,
representing the fetal inflammatory response syndrome (FIRS) and typically associated
with elevated fetal interleukin-6 (IL-6) levels [1,5]. Clinically, the presence of funisitis indi-
cates intrauterine infection extending to the fetal compartment and may predict systemic
inflammation and adverse neonatal outcomes.

Exposure to antenatal inflammation has been linked to altered fetal lung development
and adverse respiratory outcomes. HCAM and funisitis represent distinct yet overlapping
inflammatory pathways—maternal and fetal, respectively—and the presence of funisitis
reflects a more advanced stage with systemic involvement. Watterberg et al. first reported
that chorioamnionitis was associated with a higher risk of chronic lung disease (CLD) but a
lower risk of respiratory distress syndrome (RDS), suggesting that prenatal inflammation
may accelerate lung maturation while increasing susceptibility to postnatal injury [6]. How-
ever, subsequent studies have reported inconsistent results [7,8], likely due to variations in
study design, outcome definitions, and lack of stratification by HCAM and funisitis.

Despite increasing evidence linking intrauterine inflammation with bronchopul-
monary dysplasia (BPD), the specific contribution of the fetal inflammatory response,
reflected by funisitis, remains unclear, particularly in very-low-birth-weight (VLBW) and
extremely preterm neonates [9-11].

We hypothesized that funisitis is associated with an increased risk of CLD and other
adverse respiratory outcomes, whereas isolated HCAM may exert a distinct, less detrimen-
tal effect. Therefore, this study aimed to compare the clinical characteristics and respiratory
outcomes—including RDS, early cystic-interstitial lung changes, and CLD—among VLBW
preterm neonates with isolated HCAM, HCAM with funisitis, and normal placentas

2. Materials and Methods
2.1. Study Design and Outcomes

In this retrospective study, we enrolled VLBW preterm neonates (<1500 g birth weight)
admitted to the NICU of Cathay General Hospital in Taiwan between June 2007 and August
2020. Neonates with chromosomal abnormalities, major or lethal congenital anomalies,
or incomplete placental pathology data were excluded from the analysis. Neonates with
chromosomal or major congenital anomalies were excluded. The hospital ethics committee
approved the study (CGH-P110067).
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Electronic medical records were extracted and reviewed for sex, GA, birth weight,
5 min Apgar score, delivery mode, twin status, prenatal steroid use, and clinical out-
comes. GA was determined primarily by first-trimester ultrasound measurement; when
unavailable, it was estimated from the last menstrual period and verified by postnatal
assessment using the Ballard scoring system. Clinical outcome included early-onset sepsis,
hemodynamically significant patent ductus arteriosus (hsPDA) requiring treatment [12],
retinopathy of prematurity (ROP > Stage III), necrotizing enterocolitis (NEC, Bell’s stage
II-11I), intraventricular hemorrhage (IVH > grade III), periventricular leukomalacia (PVL),
and mortality. Maternal data included clinical CAM, preterm premature rupture of mem-
branes (PPROM > 18 h), pre-eclampsia, and gestational diabetes mellitus (GDM). Maternal
WBC counts and C-reactive protein (CRP) levels before delivery and neonatal WBC counts,
absolute neutrophil/lymphocyte counts after birth and CRP levels at 1 day old were
collected. Neonatal WBC counts were GA-adjusted using observed-to-expected mean
ratios [13].

We focused on respiratory outcomes among neonates with isolated HCAM, HCAM
with funisitis, or normal placentas. Primary outcomes included RDS (>grade III), requiring
ventilation and surfactant, and CLD, defined as oxygen dependency at 36 weeks’ postmen-
strual age following initial RDS, according to the NICHD consensus definition and early
cystic-interstitial lung changes (streaky infiltrates, hyperinflation, and small cysts within
7-10 days, persistent on radiograph) [14]. Secondary outcomes were pneumothorax, per-
sistent pulmonary hypertension of the newborn (PPHN), duration of ventilation/oxygen
support, home oxygen use, and CLD or death.

2.2. Placenta Histology

Placentas were formalin-fixed and examined under the supervision of three indepen-
dent pathologists, who were trained in perinatal pathology and followed the diagnostic
criteria proposed by Redline et al. and were blinded to the clinical outcomes of enrolled
neonates [4]. Five tissue samples (cord insertion site, margins, central placenta, cord, and
membranes) were paraffin-embedded, sectioned (1.5 um), and H&E-stained. Microscopy
was employed to assess inflammation in the amnion, chorion, subchorion, decidua, intervil-
lous space, membranes, umbilical cord, and vessels. HCAM was staged by PMN infiltration:
Stage 1 (subchorionitis/chorionitis), Stage 2 (chorioamnionitis), Stage 3 (necrotizing CAM).
Funisitis was diagnosed by PMN infiltration of umbilical vessel walls or Wharton's jelly [15].
Internal consensus meetings were regularly held to ensure interobserver consistency.

2.3. Statistical Analysis

The enrolled neonates were divided into three groups according to their placental
pathology report: normal group (no HCAM or funisitis), isolated HCAM group (HCAM
without funisitis), and funisitis group (HCAM and funisitis). Data were expressed as
mean =+ SD or n (%). The normality of continuous variables was tested using the Shapiro—
Wilk test. Normally distributed data were compared using one-way ANOVA with Bon-
ferroni post hoc correction, whereas non-normally distributed data were analyzed using
the Kruskal-Wallis test. Categorical variables were compared using chi-square or Fisher’s
exact test.

Multivariate logistic regression analyses were performed to assess the independent
effects of HCAM and funisitis on respiratory outcomes (RDS and CLD), adjusting for
gestational age, prenatal steroid use, twin status, preeclampsia, and PPROM. The results
are reported as adjusted odds ratios (aORs) with 95% confidence intervals (Cls). Survival
analysis was conducted using the log-rank test. Statistical analyses were performed using
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SPSS software (version 16.0; SPSS Inc., Chicago, IL, USA). A two-tailed p < 0.05 was
considered statistically significant.

3. Results

During the study period, 319 VLBW neonates (<1500 g) were admitted to the
NICU. Three of them with multiple congenital anomalies and 72 (22.6%) with miss-
ing placental pathology data were excluded. A total of 244 neonates were analyzed
(mean GA: 28 + 3.2 weeks; mean birth weight: 1040 £ 301 g). Males comprised 55.7%
(n = 136). Perinatal characteristics and outcomes were comparable between included and
excluded neonates.

Of the 244 VLBW preterm neonates, 131 (53.7%) had normal placental pathology
results without HCAM or funisitis. Twenty-five neonates (10.2%) had HCAM with funisitis.
The remaining 88 (36.1%) neonates had isolated HCAM without funisitis (Figure 1).

VLBW preterm neonates
admitted to NICU
N=319

exclude Multiple major congenital
anomalies, N=3

exclude
Missing placenta histological
examinations, N=72(22.6%)

L

Enrolled infant, N=244
BBW=10401301¢g
GA=2813.2 weeks

i M

HCAM with HCAM without Normal
funisitis funisitis N=131(53.7%)
N=25(10.2%) N=88(36.1%)

Figure 1. Study participant flowchart.

The incidence of funisitis was higher in VLBW neonates of smaller GA. Of the ex-
tremely preterm neonates less than GA 28 weeks, 17 (14.9%) had funisitis, whereas only
8 (6.2%) neonates with GA > 28 weeks had funisitis. Among neonates with funisitis
(n =25), 3 had early-stage (stage 1) HCAM, 16 had intermediate-stage (stage 2) HCAM,
and 6 had advanced-stage (stage 3) HCAM.

Comparing the perinatal characteristics of these three groups [normal: HCAM (+) and
funisitis (—); funisitis (+)], we found that neonates with funisitis had a significantly smaller
GA and a higher incidence of clinical CAM than neonates with isolated HCAM or normal
groups. There were no significant differences in sex, BBW, delivery mode, or antenatal
steroid use among the three groups. Neonates with isolated HCAM or funisitis were more
likely to have a maternal history of PPROM but exhibited a lower rate of pre-eclampsia
(Table 1).

Neonates with funisitis had higher WBC and PMN counts postnatally than those with
isolated HCAM or normal placenta (Figures S1A and S2A). After adjusting for GA, the
corrected WBC counts remained higher in the funisitis group (Figure S2B). Maternal WBC
counts before delivery were higher in the isolated HCAM and funisitis groups than in
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those without HCAM (Figure S1B). The value of neonatal CRP was different among the
three groups but neonates with funisitis did not have higher CRP levels than neonates
with isolated HCAM (Figure S3A). However, maternal CRP levels were higher in the
isolated HCAM or funisitis groups than in the normal group, with an average CRP level of
approximately 2 mg/dL (Figure S3B).

Table 1. Perinatal characteristics of neonates with/without HCAM and funisitis.

HCAM (+) HCAM (+)

Normal Funisitis (— . eee p

N = 131 unisitis (—) Funisitis (+) Value
N =88 N =25

Sex (M:F) 75:56 50:38 11:14 0.459
GA (weeks) 28.56 + 3.3 2710 +£29% 26.44 +£2.1%@ <0.001
BBW (gm) 1074.53 + 305.8 1002.89 + 297.6 992.84 + 280.3 0.160
Vaginal delivery * 12 (9.2%) 14 (15.9%) 5 (20.0%) 0.156
Twin gestation * 48 (36.6%) 25 (28.4%) 1 (4.0%) 0.002
Antenatal steroid use 84 (64.1%) 67 (76.1%) 17 (68.0%) 0.169
Maternal history of PPROM 23 (17.6%) 35 (39.8%) 8 (32.0%) 0.001
Maternal history of pre-eclampsia 38 (29.0%) 4 (4.5%) 1 (4.0%) <0.001
Maternal history of GDM * 13 (9.9%) 11 (12.5%) 1 (4.0%) 0.528
Clinical chorioamnionitis 9 (6.9%) 11 (12.5%) 10 (40.0%) <0.001
AS <7 at 5 min 40 (30.5%) 27 (30.7%) 11 (44.0%) 0.396

Continuous variables are presented as mean + SD. Categorical variables are presented as numbers (percentage).
ANOVA with Bonferroni post hoc analysis and x2—tests were performed for continuous and categorical. Variables,
respectively. * Fisher’s Exact test. # p < 0.05 compared with normal group. @ p < 0.05 compared with HCAM (+)
Funisitis (—) group.

In the unadjusted analysis, neonates with funisitis had significantly higher rates of
CLD (66.7%) and early cystic-interstitial lung changes (56.5%) compared with those with
isolated HCAM (37.7% and 25.0%) and normal placentas (1.3% and 4.4%) (Table 2). The
incidence of RDS did not differ significantly among groups.

Table 2. Respiratory outcomes of VLBW neonates with/without HCAM and funisitis:
univariate analysis.

HCAM (+) HCAM (+)

Normal Funisitis (—) Funisitis (+) P vaue 9%
RDS *# 65 (49.6%) 38 (43.1%) 12 (48%) 0.643 0.875, 2.467
CLD* 14/114 (1.3%) 29/77 (37.7%) 16/24 (66.7%) <0.001 2.394, 6.334
Pneumothorax * 20 (15.3%) 10 (11.4%) 2 (8.0%) 0.618 0.385, 1.282
PPHN ** 26 (19.3%) 15 (17.0%) 6 (24.0%) 0.704 0.639, 1.643
Early cystic interstitial lung change 5/113 (4.4%) 20/80 (25.0%) 13/23 (56.5%) <0.001 2.926,9.478
Mechanical ventilation duration (days) 5.66 £11.1 744 £ 156 12.38 + 21.5 0.236 4.78,9.42
O, usage durations (days) 34.63 + 28.1 4890 £+ 304 69.96 + 39.8 <0.001 38.44, 48.81
Home O, usage * 7/109 (6.4%) 10/73 (13.7%) 6/23 (26.1%) 0.019 1.252,4.123
CLD or death 33 (25.2%) 40 (45.5%) 18 (72.0%) <0.001 5.197,25.324

Continuous variables are presented as mean & SD. Categorical variables are presented as numbers (percentage).
s * Fisher’s exact test. # VLBW: very low birth weight; HCAM: histological chorioamnionitis; RDS: respira-
tory distress syndrome; CLD: chronic lung disease; PPHN: persistent pulmonary hypertension of newborn;
CI: confidence interval.

After adjusting for gestational age and other covariates (prenatal steroid use, twin
status, pre-eclampsia, and PPROM), multivariate logistic regression revealed that both
isolated HCAM and HCAM with funisitis were independent protective factors against
severe RDS (aOR = 0.294, 95% CI 0.137-0.631, and aOR = 0.233, 95% CI 0.077-0.711,
respectively) (Figure 2). GA and pre-eclampsia were also associated with RDS (aOR = 0.584;
95% CI 0.504-0.678; aOR = 0.384, 95% CI 0.150-0.985). Conversely, neonates with isolated
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HCAM had an increased risk of CLD (aOR = 3.841, 95%CI 1.376-10.722), and the association
was even stronger in those with funisitis (aOR = 15.259, 95% CI 3.573-65.171) (Figure 3).
Smaller GA is also a significant risk factor (aOR = 0.463, 95% CI 0.356-0.601). Funisitis
remained an independent predictor of CLD after adjusting for GA.

OR=|

QA - e
Prenatal sleroid - I @ {
Twin | . |
PPIOM - ; 3 i

Pre-ec ampsia '__.____l

Risk factors for RDS

HCAM uithaut furisitia 4 —@——

Furioitie { —&———

0.0 05 1.0 1.5 2.0 25 30

ORs and 85% Cis

Figure 2. Risk factor multivariate analysis for respiratory distress syndrome (RDS) in very-low-birth-
weight (VLBW) preterm neonates. Four factors were significantly and independently associated with
RDS: GA (aOR = 0.584; 95% CI 0.504-0.678, p < 0.001); maternal history of pre-eclampsia (aOR = 0.384,
95% CI 0.150-0.985, p = 0.046); isolated HCAM (aOR = 0.294, 95% CI 0.137-0.631, p = 0.002), and
funisitis (aOR = 0.233, 95% CI 0.077-0.711, p = 0.011). RDS: respiratory distress syndrome; GA: gesta-

tional age; PPROM: preterm premature rupture of membrane; HCAM: histological chorioamnionitis;
CI: confidence interval; OR: odds ratio.

GA A [ ]
Pronatal sterold a—
9 Twin - —e—
o]
) PPROM - H-o——
2
o
ﬁ Pre-eclampsia H4——1
®
2 RDS -
HCAM without funisitis - I & -
Funisitis | ] 4
/S
I T T /
0 10 20 70

ORs and 95% Cls

Figure 3. Risk factor multivariate analysis for chronic lung disease (CLD) in very-low-birth-weight
(VLBW) preterm neonates. Three factors were significantly and independently associated with CLD:
GA (aOR = 0.463, 95% CI 0.356-0.601, p < 0.001); isolated HCAM (aOR = 3.841, 95% CI 1.376-10.722,
p = 0.01), and funisitis (aOR = 15.259, 95% CI 3.573-65.171, p < 0.001). CLD: chronic lung disease;
GA: gestational age; RDS: respiratory distress syndrome; HCAM: histological chorioamnionitis;
PPROM: preterm premature rupture of membrane; OR: odds ratio; CI: confidence interval.
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Two of 25 neonates with funisitis (8%) had early-onset sepsis caused by Candida glabrata
and coagulase-negative Staphylococcus aureus. Other morbidities (ROP, hsPDA, NEC, IVH,
and PVL) did not differ among groups. Survival rates were also similar (log-rank p = 0.730).

4. Discussion

This retrospective cohort of VLBW preterm neonates examined respiratory outcomes
across isolated HCAM, HCAM with funisitis, and normal placentas. After adjustment for
GA and confounders, HCAM with funisitis showed greater protection against RDS but
higher risk for CLD than isolated HCAM, a comparison rarely explored in prior studies.

Acute funisitis is an inflammatory reaction of the umbilical vessels and Wharton’s
jelly, serving as a histologic marker of the fetal inflammatory response syndrome (FIRS) [2].
Its reported incidence in preterm neonates ranges from 11% to 44% and is more common
in spontaneous preterm labor or PPROM than in term births [5,16-20]. Park et al. and
Choi et al. further demonstrated that funisitis and fetal inflammatory responses were more
severe in spontaneous preterm labor than in PPROM [18,20]. Choi et al. also noted the
highest frequency of funisitis in cervical insufficiency, suggesting that different etiologies
of preterm birth are associated with varying patterns of HCAM and funisitis, leading to
distinct neonatal outcomes [18].

In our cohort, the incidence of funisitis was 10.2%, lower than previously reported [16-19].
This difference may reflect our inclusion of all VLBW preterm neonates, including those
delivered due to maternal preeclampsia or fetal distress, conditions less related to intrauter-
ine infection. We also found that neonates with funisitis had significantly lower GA and a
higher rate of maternal clinical CAM (40%) compared with those with isolated HCAM or
normal placentas. Consistent with Kim et al. [5], our findings indicate that funisitis signifies
a robust fetal inflammatory response, particularly in the setting of clinical chorioamnionitis
and extreme prematurity.

Funisitis also affected neonatal hematologic profiles [21,22]. Kim et al. enrolled
197 preterm neonates with and without funisitis and found that those with funisitis had
higher leukocyte and neutrophil counts, higher rates of neutrophilia, and lower RBC counts
than those without [21]. Romero et at. demonstrated that WBC and neutrophil counts were
increased in FIRS [22]. In our study, we further documented that preterm neonates with
funisitis had significantly higher corrected WBC and neutrophil counts than neonates in
the isolated HCAM and normal groups and that this WBC stimulation effect was more
obvious in neonates than in their mothers. Furthermore, we believe that in cases of funisitis,
the intra-amniotic infection increases the concentrations of pro-inflammatory cytokines
such as IL-6 in the amniotic fluid. This subsequently induces amniotrophic chemotaxis
of neutrophils, which concurrently stimulate the fetal bone marrow response [23]. CRP
is a highly sensitive acute systemic inflammation marker controlled by IL-6 [24]. Perrone
et al. showed that maternal CRP > 2 mg/dL could be a useful, simple predictor of funisitis
in preterm neonates with PPROM [25]. Our results showed that neonates with HCAM
or funisitis had significantly higher maternal CRP than that in the normal group with an
average CRP > 2 mg/dL, as reported previously [25].

Fetal lung maturation and respiratory outcomes after birth are influenced by the
intrauterine infection/inflammatory environment. Some animal studies have documented
that intrauterine infection accelerates fetal lung maturation by increasing endogenous
corticosteroids, resulting in surfactant protein synthesis [26,27]. HCAM has a protective
effect against RDS in preterm neonates, but few studies have discussed the relationship
between funisitis and development of RDS [17,28-30]. However, in a meta-analysis, Liu
et al. showed that funisitis is not correlated with RDS, while moderate HCAM had a
protective effect on RSD after stratification [31]. In our study, we found that in preterm
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neonates, funisitis combined with HCAM was associated with a greater reduction in
severe RDS compared with isolated HCAM and normal placentas, after adjusting for
major confounders such as GA and antenatal steroid exposure (aOR = 0.233 and 0.294,
respectively). This finding is consistent with those of Lee et al. [19] and Lahra et al. [17].
However, this association does not imply a direct causal relationship, and the underlying
mechanisms require further investigation.

CLD is a complex, multifactorial disorder resulting from interactions between genetic
susceptibility and environmental exposures. The degree of lung immaturity remains the
strongest risk factor for CLD, but intrauterine inflammation and infection also contribute
to fetal lung programming toward CLD [31-34]. However, previous studies have reported
inconsistent effects of CAM and funisitis on CLD development, likely due to differences in
study design, inclusion and exclusion criteria, adjustment for confounders, and variations in
antenatal corticosteroid exposure. Antenatal corticosteroids may confound the association
between funisitis, HCAM and CLD. It can accelerate pulmonary maturation and reduces
the incidence of RDS, but it also modulates inflammatory signaling within the fetal lung. By
suppressing cytokine activity and dampening the fetal inflammatory response, antenatal
steroid could attenuate or mask the apparent association between funisitis and subsequent
CLD. In our study, we adjusted for prenatal steroid use in the multivariate regression
analysis to minimize this confounding effect. The association between CAM and CLD
among preterm infants was reported in three systemic reviews and meta-analyses [10,11,31].
Villamor-Martinez et al. enrolled 158 studies with 244,096 preterm neonates and confirmed
that, clinical CAM or HCAM was associated with BPD at day 28 and CLD at a post-
menstrual age of 36 weeks, but this association could be modulated by GA and RDS [10].
However, the term “funisitis” was not used in the search strategy of this meta-analysis,
so it remains uncertain whether advanced-stage HCAM or funisitis further increases the
risk of BPD/CLD [10]. Liu et al. included 16 observational studies and reported a positive
correlation between HCAM/funisitis and moderate-to-severe BPD [31]. By contrast, in
another meta-analysis including 30 observational studies, Sarno et al. found that preterm
neonates with HCAM showed reduced risk of RDS but it did not affect the development of
BPD after adjusting GA [11]. Sarno et al. also performed subgroup analysis regarding the
association between HCAM, funisitis and BPD and showed that the presence of funisitis
did not affect the risk of BPD [11]. In our study, we demonstrated that both HCAM and
funisitis had a significant adverse impact on the development of CLD at PMA 36 weeks,
whereas neonates with funisitis had a higher risk of developing early cystic-interstitial
lung changes within 2 weeks after birth, with most developing CLD thereafter. CLD was
classified into six types by Namba et al. according to the presence of RDS, evidence of
intrauterine inflammation, and appearance on chest X-ray [35]. Among these, type III
CLD was defined as presence of HCAM/ funisitis with typical early cystic lung changes,
which accounts for 13.5% of total CLD cases [35]. This type III CLD is considered an
anachronism of the origin report of Wilson-Mikity syndrome, and the manifestations were
similar to those in preterm neonates with funisitis in our study [36]. However, although the
association between funisitis and CLD remained statistically significant after adjustment
for gestational age and other covariates in our study, the wide 95% confidence interval
indicates substantial uncertainty in the effect estimate. This imprecision likely results
from the relatively small number of funisitis cases in our cohort. Therefore, while our
findings suggest a strong link between fetal inflammatory response and the risk of CLD,
the magnitude of this effect should be interpreted with caution. Larger multicenter studies
are warranted to validate this association and provide more precise risk estimates.

Two possible pathways are responsive to CLD induced by HCAM/funisitis. First,
HCAM will cause the release of pro-inflammatory cytokines and chemokines into the
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amniotic fluid and then diffuse into the fetal intra-alveolar space and destroy the pul-
monary extracellular matrix directly or indirectly [15,37,38]. Second, funisitis activates fetal
neutrophils, releasing systemic inflammatory mediators that increase lung vulnerability
to oxidative stress, ventilation, or infection [39]. D’alquen et al. reported that, in preterm
neonates, HCAM and funisitis would induce the expression and shedding of the adhesion
molecules, such as vascular cell adhesion molecule-1, in the umbilical cord [40]. These
upregulated adhesion molecules were associated with increased inflammatory mediators,
such as IL-13, IL-6, and soluble E-selectin, in the fetal circulation [40]. Therefore, rather
than isolated HCAM, acute funisitis has a more incremental adverse impact on lung devel-
opment and is a better histologic marker for CLD in preterm infants. In clinical practice,
because preterm infants with funisitis are more likely to develop chronic lung disease early,
it is essential to send the placenta for pathological examination immediately after birth to
determine the presence of funisitis. This allows for timely initiation of anti-inflammatory
treatments, such as hydrocortisone, to prevent the development of chronic lung disease [41].

Our study had some limitations, including its retrospective, single-center design and
relatively small sample. Although all placental specimens were reviewed under the supervi-
sion of three independent perinatal pathologists following standardized diagnostic criteria,
interobserver variability was not formally quantified, which may have introduced minor
diagnostic variation. Another limitation is the lack of funisitis staging based on Redline’s
criteria [4]. Placental reports recorded only the presence or absence of funisitis, and the
small number of cases precluded meaningful subclassification or statistical analysis. This
limitation may have attenuated potential dose-response relationships between the extent of
umbilical inflammation and neonatal pulmonary outcomes. Matsuda et al. demonstrated
that necrotizing funisitis was independently associated with CLD [42]. They suggested that
necrotizing funisitis, as an advanced stage of the fetal inflammatory response, represents a
distinct pathological process rather than a simple progression of acute funisitis. Therefore,
future prospective studies incorporating Redline’s standardized staging system for funisitis
are warranted to validate and extend our findings. Finally, only non-specific inflammatory
markers, such as white blood cell count and C-reactive protein, were available for analysis
in our study. These parameters provide limited mechanistic insight into fetal inflamma-
tory response syndrome. Specific cytokines, including IL-6, IL-8, and TNF-« in amniotic
fluid, cord blood, or tracheal aspirates, would offer more direct evidence of intrauterine
inflammation. Future prospective studies incorporating cytokine profiling are warranted
to clarify the pathophysiologic link between FIRS and subsequent CLD development in
preterm infants.

5. Conclusions

Funisitis is an independent risk factor for adverse respiratory outcomes in extremely
preterm neonates. Early identification may enable targeted surveillance and intervention.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/children12111506/s1, Figure S1: Changes in neonatal and maternal
WBC counts. (A) Neonates with funisitis had higher mean WBC counts than those from the isolated
HCAM or normal group (25,771 + 14,053 vs. 10,029 £ 6450 vs. 7608 £ 3250/ uL p < 0.01) (B) Maternal
WBC counts before delivery were higher in the funisitis group and in the isolated HCAM group than
in the normal group. (16,282 + 4656 vs. 14,976 & 5399 vs. 12,450 + 4460/ uL, p < 0.001). Figure S2:
(A) Neonatal absolute PMN counts were higher in the funisitis group than in isolated HCAM and
normal groups. (2800 + 2081 vs. 5115 + 4646 vs. 17,165 + 11,290/uL, p < 0.001) (B) Corrected
neonatal WBC by GA was also higher in the funisitis group than in the HCAM group than in normal
group. (2.608 £ 1.59 vs. 1.463 & 1.16 vs. 0.957 £ 0.94, p < 0.001). Figure S3: Changes of neonatal
and maternal CRP level. (A) Neonates with isolated HCAM had a significantly higher CRP level
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(0.837 £ 1.282 mg/dL) than neonates with normal placenta (0.325 & 0.63 mg/dL), but levels were
not different in neonate with funisitis. (0.747 & 0.74 mg/dL) (B) Maternal CRP were both significantly
higher in cases with HCAM (2.09 + 2.4 mg/dL) or funisitis (2.12 4= 1.8 mg/dL) than in normal groups
(0.96 £ 1.1 mg/dL).
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NICU Neonatal intensive care unit
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IVH Intraventricular hemorrhage
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PPHN Persistent pulmonary hypertension of newborn

1.  Gomez, R;; Romero, R.; Ghezzi, F.; Yoon, B.H.; Mazor, M.; Berry, S.M. The Fetal Inflammatory Response Syndrome. Am. J. Obstet.
Guynecol. 1998, 179, 194-202. [CrossRef]

2. Morgan, T.K. Role of the Placenta in Preterm Birth: A Review. Am. J. Perinatol. 2016, 33, 258-266. [CrossRef] [PubMed]

3. Lahra, M.M,; Jeffery, H.E. A Fetal Response to Chorioamnionitis Is Associated with Early Survival After Preterm Birth. Am. |.
Obstet. Gynecol. 2004, 190, 147-151. [CrossRef]

4. Redline, R.W.,; Faye-Petersen, O.; Heller, D.; Qureshi, F,; Savell, V.; Vogler, C.; Society for Pediatric Pathology, Perinatal Section,
Amniotic Fluid Infection Nosology Committee. Amniotic Infection Syndrome: Nosology and Reproducibility of Placental
Reaction Patterns. Pediatr. Dev. Pathol. 2003, 6, 435-448. [CrossRef]


https://doi.org/10.1016/S0002-9378(98)70272-8
https://doi.org/10.1055/s-0035-1570379
https://www.ncbi.nlm.nih.gov/pubmed/26731184
https://doi.org/10.1016/j.ajog.2003.07.012
https://doi.org/10.1007/s10024-003-7070-y

Children 2025, 12, 1506 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Kim, C.J.; Yoon, B.H.; Park, S.S.; Kim, M.H.; Chi, J.G. Acute Funisitis of Preterm but Not Term Placentas Is Associated with Severe
Fetal Inflammatory Response. Hum. Pathol. 2001, 32, 623-629. [CrossRef]

Watterberg, K.L.; Demers, L.M.; Scott, S.M.; Murphy, S. Chorioamnionitis and Early Lung Inflammation in Infants in Whom
Bronchopulmonary Dysplasia Develops. Pediatrics 1996, 97, 210-215. [CrossRef]

Been, ].V,; Zimmermann, L.J. Histological Chorioamnionitis and Respiratory Outcome in Preterm Infants. Arch. Dis. Child. Fetal
Neonatal Ed. 2009, 94, F218-F225. [CrossRef]

Viscardi, R.M. Perinatal Inflammation and Lung Injury. Semin. Fetal Neonatal Med. 2012, 17, 30-35. [CrossRef]

Xiong, P; Li, L.; Yu, Z,; Pu, Y.; Tang, H. Risk factors for bronchopulmonary dysplasia in preterm infants:a systemic review and
meta-analysis. Peer] 2025, 13, €20202. [CrossRef] [PubMed]

Villamor-Martinez, E.; Alvarez-Fuente, M.; Ghazi, AM.T,; Degraeuwe, P; Zimmermann, L.J.I,; Kramer, B.W.; Villamor, E.
Association of chorioamnionitis with bronchopulmonary dysplasia among preterm infants. A systemic review, meta-analysis,
and meta-regression. JAMA Netw Open 2019, 2, e1914611. [CrossRef] [PubMed]

Sarno, L.; Corte, L.D.; Saccone, G.; Sirico, A.; Raimondi, F,; Zullo, F.; Guida, M.; Martinelli, P.; Maruotti, G.M. Histological
Chorioamnionitis and Risk of Pulmonary Complications in Preterm Births: A Systemic Review and Meta-analysis. . Matern. Fetal
Neonatal Med. 2019, 13, 3803-3812. [CrossRef] [PubMed]

Shepherd, J.L.; Noori, S. What Is a Hemodynamically Significant PDA in Preterm Infants? Congenit. Heart Dis. 2019, 14, 21-26.
[CrossRef]

Wu, ].H.; Chou, H.C.; Chen, P.C;; Jeng, S.E; Chen, C.Y,; Tsao, PN.; Hsieh, C.J.; Huang, H.M.; Hsieh, W.S. Impact of Delivery Mode
and Gestational Age on Haematological Parameters in Taiwanese Preterm Infants. |. Paediatr. Child. Health 2009, 45, 332-336.
[CrossRef] [PubMed]

Kim, HR; Kim, J.Y;; Yun, B.L.; Lee, B.; Choi, C.W.; Kim, B.L. Interstitial Pneumonia Pattern on Day 7 Chest Radiograph Predicts
Bronchopulmonary Dysplasia in Preterm Infants. BMC Pediatr. 2017, 17, 125. [CrossRef]

Yoon, B.H.; Romero, R.; Kim, C.J.; Jun, ] K.; Gomez, R.; Choi, ].H.; Syn, H.C. Amniotic Fluid Interleukin-6: A Sensitive Test for
Antenatal Diagnosis of Acute Inflammatory Lesions of Preterm Placenta and Prediction of Perinatal Morbidity. Am. J. Obstet.
Gynecol. 1995, 172, 960-970. [CrossRef]

Russell, P. Inflammatory Lesions of the Human Placenta: Clinical Significance of Acute Chorioamnionitis. Am. J. Diagn. Gynecol.
Obstet. 1979, 2, 127-137.

Lahra, M.M.; Beeby, PJ.; Jeffery, H.E. Maternal Versus Fetal Inflammation and Respiratory Distress Syndrome: A 10-Year Hospital
Cohort Study. Arch. Dis. Child. Fetal Neonatal Ed. 2009, 94, F13-F16. [CrossRef]

Choi, J.; Park, J.W,; Kim, B.J.; Choi, Y.J.; Hwang, ].H.; Lee, S.M. Funisitis Is More Common in Cervical Insufficiency than in
Preterm Labor and Preterm Premature Rupture of Membranes. J. Perinat. Med. 2016, 44, 523-529. [CrossRef]

Lee, J.; Oh, K.J.; Park, C.W.,; Park, J.S.; Jun, ].K.; Yoon, B.H. The Presence of Funisitis Is Associated with a Decreased Risk for the
Development of Neonatal Respiratory Distress Syndrome. Placenta 2011, 32, 235-240. [CrossRef] [PubMed]

Park, C.W.; Yoon, B.H.; Park, J.S.; Jun, ] K. A Fetal and an Intra-amniotic Inflammatory Response Is More Severe in Preterm Labor
than in Preterm PROM in the Context of Funisitis: Unexpected Observation in Human Gestations. PLoS ONE 2013, 8, e62521.
[CrossRef]

Kim, E.N.; Kim, C.J.; Park, ].W.; Yoon, B.H. Acute Funisitis Is Associated with Distinct Changes in Fetal Hematologic Profile. J.
Matern. Fetal Neonatal Med. 2015, 28, 588-593. [CrossRef]

Romero, R.; Savasan, Z.A.; Chaiworapongsa, T.; Berry, S.M.; Kusanovic, ].P.; Hassan, S.S.; Yoon, B.H.; Edwin, S.; Mazor, M.
Hematologic Profile of the Fetus with Systemic Inflammatory Response Syndrome. J. Perinatol. Med. 2011, 40, 19-32. [CrossRef]
[PubMed]

Yoon, B.H.; Romero, R.; Park, ].S.; Kim, M.; Oh, S.Y.; Kim, C.J.; Jun, ].K. The Relationship Among Inflammatory Lesions of the
Umbilical Cord (Funisitis), Umbilical Cord Plasma Interleukin 6 Concentration, Amniotic Fluid Infection, and Neonatal Sepsis.
Am. ]. Obstet. Gynecol. 2000, 183, 1124-1129. [CrossRef] [PubMed]

Pepys, M.B.; Hirschfield, G.M. C-Reactive Protein: A Critical Update. J. Clin. Invest 2003, 111, 1805-1812. [CrossRef]

Perrone, G.; Anceschi, M.M.; Capri, O.; Galoppi, P; Pizzulo, S.; Buccheri, M.; Pascone, R.; Nofroni, I.; Brunelli, R. Maternal
C-Reactive Protein at Hospital Admission Is a Simple Predictor of Funisitis in Preterm Premature Rupture of Membranes. Gynecol.
Obstet. Investig. 2012, 74, 95-99. [CrossRef]

Bry, K.; Lappalainen, U. Intra-amniotic Endotoxin Accelerates Lung Maturation in Fetal Rabbits. Acta Paediatr. 2001, 90, 74-80.
[CrossRef]

Bry, K.; Lappalainen, U.; Hallman, M. Intraamniotic Interleukin-1 Accelerates Surfactant Protein Synthesis in Fetal Rabbits and
Improves Lung Stability After Premature Birth. J. Clin. Invest 1997, 99, 2992-2999. [CrossRef]

Liu, P.C,; Hung, Y.L.; Shen, C.M.; Chen, P.C.; Hsieh, W.S. Histological Chorioamnionitis and Its Impact on Respiratory Outcomes
in Very-Low-Birth-Weight Preterm Infants. Pediatr. Neonatol. 2021, 62, 258-264. [CrossRef]


https://doi.org/10.1053/hupa.2001.24992
https://doi.org/10.1542/peds.97.2.210
https://doi.org/10.1136/adc.2008.150458
https://doi.org/10.1016/j.siny.2011.08.002
https://doi.org/10.7717/peerj.20202
https://www.ncbi.nlm.nih.gov/pubmed/41089255
https://doi.org/10.1001/jamanetworkopen.2019.14611
https://www.ncbi.nlm.nih.gov/pubmed/31693123
https://doi.org/10.1080/14767058.2019.1689945
https://www.ncbi.nlm.nih.gov/pubmed/31722581
https://doi.org/10.1111/chd.12727
https://doi.org/10.1111/j.1440-1754.2009.01497.x
https://www.ncbi.nlm.nih.gov/pubmed/19490412
https://doi.org/10.1186/s12887-017-0881-1
https://doi.org/10.1016/0002-9378(95)90028-4
https://doi.org/10.1136/adc.2007.135889
https://doi.org/10.1515/jpm-2015-0123
https://doi.org/10.1016/j.placenta.2010.11.006
https://www.ncbi.nlm.nih.gov/pubmed/21216461
https://doi.org/10.1371/journal.pone.0062521
https://doi.org/10.3109/14767058.2014.927426
https://doi.org/10.1515/JPM.2011.100
https://www.ncbi.nlm.nih.gov/pubmed/21957997
https://doi.org/10.1067/mob.2000.109035
https://www.ncbi.nlm.nih.gov/pubmed/11084553
https://doi.org/10.1172/JCI200318921
https://doi.org/10.1159/000337717
https://doi.org/10.1111/j.1651-2227.2001.tb00259.x
https://doi.org/10.1172/JCI119494
https://doi.org/10.1016/j.pedneo.2020.11.009

Children 2025, 12, 1506 12 of 12

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Andrews, W.W.; Goldenberg, R.L.; Faye-Petersen, O.; Cliver, S.; Goepfert, A.R.; Hauth, ].C. The Alabama Preterm Birth Study:
Polymorphonuclear and Mononuclear Cell Placental Infiltrations, Other Markers of Inflammation, and Outcomes in 23- to
32-Week Preterm Newborn Infants. Am. J. Obstet. Gynecol. 2006, 195, 803—-808. [CrossRef] [PubMed]

Miyazaki, K.; Furuhashi, M.; Ishikawa, K.; Tamakoshi, K.; Hayashi, K.; Kai, A.; Ishikawa, H.; Murabayashi, N.; Ikeda, T.; Kono, Y.;
et al. Impact of Chorioamnionitis on Short- and Long-term Outcomes in Very Low Birth Weight Preterm Infants: The Neonatal
Research Network Japan. J. Matern. Fetal Neonatal Med. 2016, 29, 331-337. [CrossRef]

Liu, W.L.; Zhou, Y.; Zhang, C.; Chen, J.; Yin, X.F; Zhou, EX.; Chen, S.J. Relationship Between Chorioamnionitis or Funisitis and
Lung Injury Among Preterm Infants: Meta-analysis Involved 16 Observational Studies with 68,397 Participants. BMC Pediatr.
2024, 24, 157. [CrossRef]

Kramer, B.W. Antenatal Inflammation and Lung Injury: Prenatal Origin of Neonatal Disease. ]. Perinatol. 2008, 28 (Suppl. S1),
521-527. [CrossRef]

Kramer, B.W,; Kallapur, S.; Newnham, J.; Jobe, A.H. Prenatal Inflammation and Lung Development. Semin. Fetal Neonatal Med.
2009, 14, 2-7. [CrossRef]

Higgins, R.D.; Jobe, A.H.; Koso-Thomas, M.; Bancalari, E.; Viscardi, R.M.; Hartert, T.V.; Ryan, R.M.; Kallapur, S.G.; Steinhorn,
R.H.; Konduri, G.G; et al. Bronchopulmonary Dysplasia: Executive Summary of a Workshop. J. Pediatr. 2018, 197, 300-308.
[CrossRef] [PubMed]

Namba, F,; Fujimura, M.; Tamura, M. Bubbly and Cystic Appearance in Chronic Lung Disease: Is This Diagnosed as Wilson-Mikity
Syndrome? Pediatr. Int. 2016, 58, 251-253. [CrossRef]

Wilson, M.G.; Mikity, V.G. A New Form of Respiratory Disease in Premature Infants. AMA ]. Dis. Child. 1960, 99, 489-499.
[CrossRef] [PubMed]

Hillier, S.L.; Witkin, S.S.; Krohn, M.A.; Watts, D.H.; Kiviat, N.B.; Eschenbach, D.A. The Relationship of Amniotic Fluid Cytokines
and Preterm Delivery, Amniotic Fluid Infection, Histologic Chorioamnionitis and Chorioamnion Infection. Obstet. Gynecol. 1993,
81,941-948.

Romero, R.; Ceska, M.; Avila, C.; Mazor, M.; Behnke, E.; Lindley, I. Neutrophil Attractant/Activating peptide-1/interleukin-8 in
Term and Preterm Parturition. Am. J. Obstet. Gynecol. 1991, 165, 813-820. [CrossRef]

Kim, C.J.; Romero, R.; Chaemsaithong, P.; Chaiyasit, N.; Yoon, B.H.; Kim, Y. M. Acute Chorioamnionitis and Funisitis: Definition,
Pathologic Features, and Clinical Significance. Am. J. Obstet. Gynecol. 2015, 213, S29-552. [CrossRef]

D’alquen, D.; Kramer, B.W.; Seidenspinner, S.; Marx, A.; Berg, D.; Groneck, P.; Speer, C.P. Activation of Umbilical Cord Endothelial
Cells and Fetal Inflammatory Response in Preterm Infants with Chorioamnionitis and Funisitis. Pediatr. Res. 2005, 57, 263-269.
[CrossRef] [PubMed]

Zhou, J.; Yu, Z.; Chen, C. Hydrocortisone for Preventing Mortality and Bronchopulmonary Dysplasia in Preterm Infants with
or without Chorioamnionitis Exposure: A Meta-Analysis of Randomized Trials. Am. J. Perinatol. 2021, 38, 662-668. [CrossRef]
[PubMed]

Matsuda, T.; Nakajima, T.; Hattori, S.; Hanatani, K.; Fukazawa, Y.; Kobayashi, K.; Fujimoto, S. Necrotizing Funisitis: Clinical
Significance and Association with Chronic Lung Disease in Premature Infants. Am. |. Obstet. Gynecol. 1997, 177, 1402-1407.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.ajog.2006.06.083
https://www.ncbi.nlm.nih.gov/pubmed/16949415
https://doi.org/10.3109/14767058.2014.1000852
https://doi.org/10.1186/s12887-024-04626-0
https://doi.org/10.1038/jp.2008.46
https://doi.org/10.1016/j.siny.2008.08.011
https://doi.org/10.1016/j.jpeds.2018.01.043
https://www.ncbi.nlm.nih.gov/pubmed/29551318
https://doi.org/10.1111/ped.12901
https://doi.org/10.1001/archpedi.1960.02070030491011
https://www.ncbi.nlm.nih.gov/pubmed/13845104
https://doi.org/10.1016/0002-9378(91)90422-N
https://doi.org/10.1016/j.ajog.2015.08.040
https://doi.org/10.1203/01.PDR.0000148713.48218.86
https://www.ncbi.nlm.nih.gov/pubmed/15611353
https://doi.org/10.1055/s-0039-3400984
https://www.ncbi.nlm.nih.gov/pubmed/31899929
https://doi.org/10.1016/S0002-9378(97)70082-6
https://www.ncbi.nlm.nih.gov/pubmed/9423742

	Introduction 
	Materials and Methods 
	Study Design and Outcomes 
	Placenta Histology 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

