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Introduction: Histologic chorioamnionitis (HCA) is a placental inflammatory
condition associated with adverse perinatal outcomes (APOs). This historical
cohort study explores the risk of APOs in pregnant women with HCA and
compares the impact of clinical chorioamnionitis (CCA) with subclinical
chorioamnionitis (SCCA).

Methodology: Placentas were evaluated by a perinatal pathologist tand all women
with HCA were included. Two groups were integrated: (1) women with clinical
chorioamnionitis (CCA) and (2) women with subclinical chorioamnionitis (SCCA).
Additionally, we conducted a secondary analysis to compare the prevalence of
APOs among stage 1, 2 and 3 of HCA and the risk of APOs between grades 1 and 2
of HCA. The APOs analyzed were preterm birth, stillbirth, neonatal weight < 1,500 g,
neonatal sepsis. Relative risk with 95% confidence interval was calculated.

Results: The study included 41 cases of CCA and 270 cases of SCCA. The mean
gestational age at diagnosis and birth was 30.2 + 5.4 weeks and 32.5 + 5.1 weeks,
for group 1 and 2, respectively. The study also found that women with HCA stage 3
and grade 2 had a higher prevalence and risk of adverse perinatal outcomes.

Discussion: The findings of this study suggest the importance of placental
histological study to excluded SCCA, which represents a significant risk to both
maternal and neonatal health, contributing to high morbidity and mortality.
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1 Introduction

Preterm birth (PTB), which occurs in about 12% of pregnancies worldwide, is the main
cause of neonatal morbidity and mortality (1). PTB is a syndrome that can be precipitated by
various factors, including infection, cervical pathology, uterine overdistension, progesterone
deficiency, vascular alterations (such as uteroplacental ischemia and decidual abruption,
maternal and fetal stress, maternal-fetal alloimmune response, allergic phenomena, and likely
other undetermined factors) (2). While the intra-amniotic inflammatory responses driven by
microbes (infection) or alarmins (sterile) have some overlap in the participating cellular and
molecular processes, the distinct natures of these two conditions necessitate the
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implementation of specific approaches to prevent adverse pregnancy
and neonatal outcomes (3). Almost half of all preterm births are
caused or triggered by an inflammatory process at the feto-maternal
interface resulting in preterm labor or rupture of membranes with or
without chorioamnionitis (“first inflammatory hit”) (4).

Acute chorioamnionitis is characterized by neutrophilic
infiltration and inflammation at the maternal fetal interface (5).
Chorioamnionitis encompasses an heterogeneous setting of
conditions characterized by infection or inflammation or both,
followed by a great variety in clinical practice for mothers and their
newborns (6). Placental inflammation is often clinically silent and can
signal the normal physiologic process of parturition, an inflammatory
process, but can also be a sign of sub-clinical infection (7).

Typically, the clinical presentation of chorioamnionitis is defined
as acute chorioamnionitis (8). Histologic chorioamnionitis (HCA) is
defined as an intrauterine inflammatory condition characterized by
acute granulocyte infiltration into the fetal-maternal or the fetal
tissues, the prevalence of HCA is inversely correlated with gestational
age, occurring in 50% of PTB and in up to 20% of deliveries at term
(9). Correlations exist between the severity of histological maternal/
fetal inflammatory responses and the prevalence of clinical
chorioamnionitis (CCA) and positive maternal clinical signs in
preterm deliveries, however, the prevalence of CCA has been reported
as 20 to 30%, even in cases characterized by the most severe fetal
inflammatory responses (10).

HCA is defined as acute inflammatory lesions of the placenta
consisting of diffuse infiltration of neutrophils at different sites in the
organ (11). The Perinatal Section of the Society of Pediatric Pathology
provided a template to classify histopathologic chorioamnionitis
according to the findings (12), the actual classification system by the
Amsterdam Placental Workshop Group Consensus Statement
delineates stages and grades for maternal inflammatory responses in
the placenta:

1. Stage 1—Acute Subchorionitis or Chorionitis: Initial

inflammation within the chorion.
2. Stage 2—Acute Chorioamnionitis: Inflammation in the
chorioamnion, reaching into the fibrous chorion and/or amnion.
3. Stage 3—Necrotizing Chorioamnionitis: Severe inflammation
with cellular damage and necrosis in the amnion and chorion.

For each stage:

- Grade 1: Not defined as severe.
- Grade 2: Severe inflammation, possibly with microabscesses or
confluent leukocytes (13).

The accuracy of CCA in detecting intra-amniotic infection (IAI)
is around 50%; the accuracy of each diagnostic criterion to diagnose
IAI is 51.1% with maternal tachycardia, 57.8% with fetal tachycardia,
and 55.6% with maternal leukocytosis, however, it is important to note
that these diagnostic performances were obtained from term
pregnancies and not from preterm pregnancies (14).

CCA is a relatively common complication of pregnancy and can
have devastating consequences including preterm labor, maternal
infections, fetal infection/inflammation, fetal lung, brain, and
gastrointestinal tract injury (5). The confirmed sepsis rates were 7%
(early-onset) and 22% (late-onset) for the histological group, and 6%
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(early-onset) and 26% (late-onset) for CCA-exposed neonates (15). In
other reports, a meta-analysis showed an association between any type
of CA and any early onset sepsis (OR 4.29, CI 3.63-5.06), any late
onset sepsis (OR 1.29, CI 1.11-1.54) (15), and any undetermined
onset sepsis (OR 1.59, CI 1.11-1.54) (16). Peripartum infection pooled
incidence in high-quality studies has been reported to be 3.9% (95%
Confidence Interval [CI] 1.8-6.8%) for chorioamnionitis, 1.6% (95%
CI 0.9-2.5%) for endometritis, 1.2% (95% CI 1.0-1.5%) for wound
infection, 0.05% (95% CI 0.03-0.07%) for sepsis, and 1.1% (95% CI
0.3-2.4%) for maternal peripartum infection (17).

The impact of SCCA has been described in several studies, and it
is associated with an increased risk of PTB with prelabor rupture of
membranes (PROM) (aRR: 3.92 (95% CI: 2.15, 7.12)) and early PTB
(aRR: 1.77 (95% CI, 1.18, 2.64)) (18). Historically, it has been very
difficult to diagnose without histologic examination, the detection of
inflammatory biomarkers in the amniotic fluid by surface-enhanced
laser desorption/ionization time-of-flight mass spectroscopy has been
proposed since it has exhibited high diagnostic accuracy for SCCA
(19). Additionally, the combined measurements of maternal nuclear
factor kappa B-p65 and C-reactive protein levels may be used as early
biological indicators that predict SCCA in premature rupture of
membranes (20).

Since 2017, the American College of Obstetricians and
Gynecologists (ACOG) proposed that the diagnosis of suspected IAI
was made when the maternal temperature was greater than or equal
0 39.0°C or when the maternal temperature is 38.0 to 38.9°C and an
additional clinical risk factor is present (maternal leukocytosis,
purulent cervical drainage, or fetal tachycardia) (21). Among women
who met old ACOG criteria for IAI, but not the new criteria,
postpartum infection occurs in nearly 10% (22).

It is important to highlight that the fetus possesses the ability to
initiate an inflammatory response, either at a local or systemic level,
upon exposure to microorganisms or non-infectious stimuli (such as
danger signals or alarmins), the Fetal Inflammatory Response
Syndrome (FIRS) was coined to characterize a condition characterized
by signs of a systemic inflammatory response, frequently triggered by
the activation of the innate immune response (23). Histopathology,
while not immediately addressing pressing clinical inquiries, warrants
consideration due to its enduring significance; its findings hold the
potential to evaluate the lifelong risks associated with a broad
spectrum of diseases linked to prenatal exposures such as FIRS (24).

The aim of this study was to evaluate the risk of adverse perinatal
outcomes in women with HCA with CCA compared to SCCA.

2 Materials and methods
2.1 Study design and participants

A historical cohort study of consecutive women diagnosed with
HCA attended at the National Institute of Perinatology, Mexico City,
from January 2007 to December 2011. The Institutional Review Board
and Ethics Committee approved this study with registration number:
CEI-RETRO-01-2023.

The National Institute of Perinatology is a public tertiary-level
healthcare facility that provides medical attention to low-income
patients, with high-risk pregnancies from the metropolitan area of the
Valley of Mexico. During the study period, were attended at the
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Institute 5,500 deliveries per year, with a rate of prematurity of 18%,
preeclampsia rate of 6% and frequency of neonates small for
gestational age of 14%. The inclusion criteria were women with HCA
(placental histological lesions diagnosed by an experienced perinatal
pathologist). The severity of —HCA was determined according to the
Amsterdam Placental Workshop Group Consensus Statement (13).
The exclusion criteria were women with severe chronic illnesses (such
as chronic hypertension, pregestational diabetes, renal, pulmonary,
and thyroid disease), those who were HIV positive, funisitis and
fetuses with malformations incompatible with life. Women with
incomplete medical records were excluded.

2.2 Procedure

Consecutive cases of patients with HCA were obtained from the
Pathology Department records; after that, the clinical characteristics
and perinatal outcomes until seven days after birth were obtained from
the clinical records. As part of prenatal care, all women received
monthly prenatal visits with an obstetrician until week 32, every 2 weeks
from 32 to 37 weeks of gestation, and weekly thereafter. Patients with a
history of cervical cerclage had cervical-vaginal cultures every month.
In case of clinical suspicion of chorioamnionitis, the pregnancy was
immediately interrupted, and double antibiotic regimen with ampicillin
and gentamicin was initiated. After cesarean delivery, clindamycin was
added. All placentas (term and preterm deliveries) were sent for
histopathological analysis during the study period.

Women with primary HCA were divided into two groups: group 1
women with CCA and group 2 women with SCCA as reported in
clinical records.

CCA was defined as the diagnosis of suspected intraamniotic
infection, and maternal temperature is greater than or equal to 39.0°C,
or when the maternal temperature is 38.0-38.9°C, and one additional
clinical risk factor is present (21).

SCCA was defined as inflammation of the placenta without any
clinical signs of chorioamnionitis as previously defined (11).

Maternal leukocytosis was defined as white blood cells greater
than 15,000/mm3 (25).

Fetal tachycardia is an abnormal baseline heart rate during 10 min
or more above 160 bpm (26).

Purulent cervical discharge is purulent or foul smelling amniotic
fluid or cervical discharge (27).

Secondary; placentas were reclassified by a Perinatal Pathologist
according with the proposed classification of the Amsterdam Placental
Workshop Group Consensus in stage 1, 2 and 3 and grade 1 and 2 (13).

2.3 Primary outcomes

The primary outcome was to compare the risk of perinatal
outcomes in women with HCA with CCA and SCCA as reported in
clinical records, and the additional outcome was to compare the
prevalence and risk of adverse perinatal outcomes according with the
Classification by Amsterdam Placental Workshop Group Consensus.
The adverse perinatal outcomes included:

PTB: any birth before 37 completed weeks of gestation (28).

Neonatal sepsis was defined as the presence of both infection
(positive cultures) and systemic inflammatory response (29, 30). The
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study included only early neonatal sepsis, defined as an infection that
occurs within the first 72h of life and usually reflects
vertical transmission.

Stillbirth was defined as within WHO criteria as a dead fetus of
1,000 g or more at birth, or after 28 completed weeks of gestation, or
attainment of at least 35 cm crown-heel length (31, 32).

Early neonatal death is defined as deaths between 0 and 7
completed days of birth (33).

Premature rupture of membranes (PROM) was defined as
membrane rupture before labor, membranes rupture that occurs
before 37 weeks of gestation is referred to as preterm PROM (34).

Prolonged rupture of membranes (Prolonged PROM) is
considered when the duration exceeds 18h prior to delivery (35).

2.4 Data analysis

A software SPSS database was used to capture data [SPSS version
22.0 for Windows (SPSS Inc. Chicago, IL)]. Demographic and clinical
variables were analyzed with descriptive statistics. Student’s t-test was
used for the analysis of continuous variables. A p value of less than
0.05 was considered statistically significant. To test the association
between placental pathology and perinatal evolution, the Pearson’s
chi-square test for dichotomous variables and/or Fisher’s exact test
was performed. The relative risk was calculated with a 95%
confidence interval.

2.5 Sample size

The sample size was calculated using recommendations for sample
size estimation for difference of proportions in neonatal sepsis with an
estimation of 20% in SCCA and 50% in CCA with a 95% confidence
level, and statistical power of 80%, a sample size of 39 participants was
required (16, 36). We decided to include all patients with HCA who
fulfill the inclusion criteria during the period of study.

3 Results
3.1 Patients characteristics

There were 404 cases with the diagnosis of HCA during the study
period. Ninety-three patients were excluded due to incomplete
medical record with a total of 311 cases with HCA. There were 41
cases of CCA and 270 cases of SCCA. The mean age of the women was
28.6+7.2years, ranging from 14 to 47years, with 113 (36.3%)
primiparous. Vaginal delivery was performed in 84 cases (27%), while
cesarean delivery was performed in 227 cases (73%). The prevalence
of cesarean sections at this institution is notably elevated, primarily
attributed to the specific patient demographic that seeks prenatal care
at this facility.

Of the 311 patients, 175 (56%) had stage 1 HCA, 79 (25%) had stage
2 chorioamnionitis, and 57 (19%) had stage 3 chorioamnionitis. Two
hundred thirteen infants (67.8%) were preterm. The results showed no
significant difference in maternal age, placental weight, and gravidity
between the CCA and SCCA groups (p>0.05). However, a statistically
significant difference was found in fetal weight and gestational age at
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birth between the two groups (p<0.05). The mean fetal weight was
significantly lower in the CCA group (1,492 +854 grams) than in the
SCCA group (1864 + 876 grams). The mean gestational age at birth was
also significantly lower in the CCA group (30.2 + 5.4 weeks) than in the
SCCA group (32.5+5.1weeks) (see Table 1).

3.2 Risk factors

One hundred and eighty-seven patients (60.1%) had no relevant
past medical history, 46 (14.7%) had diabetes mellitus or carbohydrate
intolerance, 42 (13.5%) had hypertensive disease of pregnancy, 33
(10.6%) had cervical insufficiency, 17 (5.4%) had morbid obesity, 16
(5.1%) had heart disease, 10 (3.2%) had autoimmune disease, 5 (1.6%)
had mild renal disease and 43 (13.8%) patients had more than one
concomitant disease. One hundred fifty-five patients (50%) had
premature rupture of membranes (PROM); seventy-nine (25.4%)
patients had prolonged PROM. Only 33 (10.6%) of women with
PROM received a conservative treatment.

Table 2 shows that cervical insufficiency, PROM, Prolonged
PROM, maternal leukocytosis, fetal tachycardia, and purulent cervical
discharge are all significantly increased in women with CCA.

3.3 Adverse perinatal outcomes

Table 3 shown the results on adverse perinatal outcomes between
women with CCA and SCCA. The CCA group had a significantly higher
risk of PTB, fetal weight less than 1,500g, and neonatal sepsis compared
to the SCCA group. However, there was no significant difference in the
risk of stillbirth or early neonatal death between the two groups.

Table 4 shown a comprehensive comparison of adverse perinatal
outcomes based on the staging HCA. The prevalence of CCA

10.3389/fmed.2024.1242962

significantly differs among the groups, with a higher prevalence
observed in cases of stage 2 and 3. Additionally, an increased
prevalence of CCA, preterm births, PROM, prolonged PROM, fetal
weight below 1,500 g, neonatal sepsis and stillbirth as the staging of
HCA increases.

Table 5 provides a detailed analysis of the relative risk associated
with grade 2 of HCA in relation to the development of adverse
perinatal complications, comparing it with grade 1 of HCA. Grade 2
HCA was significantly associated with clinical chorioamnionitis,
preterm birth, immature birth, PROM, fetal weight below 1,500g,
neonatal sepsis, stillbirth, and early neonatal death.

4 Discussion

In this study, it was demonstrated that the risk of perinatal
complications is higher in women with HCA, as expected, however a
substantial number of women with SCCA also experienced perinatal
complications. Therefore, the histopathological examination of the
placenta is of great importance among women who exhibit one or
more of the following characteristics towards the end of pregnancy:
PROM, Prolonged PROM, preterm birth, maternal fever, maternal
leukocytosis, fetal tachycardia, and purulent cervical discharge.

Chorioamnionitis can be defined clinically, histologically, or
microbiologically. However, it is important for clinicians to be aware
that even in the absence of microbiological evidence, acute histologic
chorioamnionitis can also occur as a result of sterile intra-amniotic
inflammation, which is induced by danger signals released under
cellular stress, injury, or death (37, 38); perhaps the most important of
them is the high intra-uterine volume, inevitable in term pregnancies.
There is a significant number of women who show histological evidence
of chorioamnionitis but exhibit subclinical progression, likely because
they are in the early stages of the infectious process. The classic clinical

TABLE 1 Clinical characteristics of women with clinical chorioamnionitis and sub-clinical chorioamnionitis.

CCA Mean + SD (n =41) SCCA Mean +SD (n =270) Total
Maternal age (years) 289+7.8 28.5+7.1 28.6+7.2 0.781
Placental weight (g) 314+138 365+149 358+148 0.042
Gravidity 2.76+2.0 242+14 247+15 0.204
Fetal weight (g) 1,492+ 854 1864 + 876 1815+ 881 0.012
Gestational age at birth (weeks) 30.2+5.4 32.5+5.1 32.2+5.2 0.007

*T student’s test. CCA = Clinical Chorioamnionitis, SCCA = Sub-clinical Chorioamnionitis, SD = standard deviation.

TABLE 2 Risk factors of women with clinical chorioamnionitis and sub-clinical chorioamnionitis.

Risk factor CCA(n =41) SCCA (n =270)

Relative risk 95% ClI

Total (n = 311)

PROM 30 (73.2%) 125 (46.3%) 155(49.8%) 3.16 (1.52-6.57) 0.001
Cervical insufficiency 8 (19.5%) 25(9.3%) 33 (10.6%) 2.37 (1.0-5.70) 0.04

Prolonged PROM 16 (39%) 63 (23.3%) 79 (25.4%) 2.1(1.05-4.18) 0.03

Fever >39°C 28 (68.2%) 0 (0%) 28 (9%) 183 (25-1,311) 0.0001
Fever >38°C 41 (100%) 0 (0%) 41 (13.1%) 265 (37-1880) 0.0001
Maternal leukocytosis 24 (58.5%) 73 (27%) 97(31.2%) 3.8(1.93-7.49) 0.001
Fetal tachycardia 6 (14.6%) 9(2.9%) 15 (4.8%) 4.97 (1.66-14.81) 0.002
Purulent cervical discharge 20 (48.8%) 17 (6.3%) 37 (11.9%) 14.1 (6.46-31.07) 0.0001

CCA =Clinical Chorioamnionitis, SCCA = Sub-clinical Chorioamnionitis, PROM = Preterm Premature Rupture of Membranes *Chi square test.
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TABLE 3 Adverse perinatal outcomes of women with clinical chorioamnionitis and sub-clinical chorioamnionitis.

CCA (n=41)

Perinatal outcome SCCA (n =270)

Total (n = 311) Relative risk 95%ClI

Preterm birth 34 (82.9%) 177 (65.6%) 211(67.8%) 2.55 (1.08-5.97) 0.026
Fetal weight<1,500g 26 (63.4%) 108 (40%) 134 (43.1%) 2.6 (1.1-5.13) 0.005
Neonatal sepsis 20 (48.8%) 51 (18.8%) 71 (22.9%) 4.07 (2.05-8.06) 0.0001
Stillbirth 9 (22%) 35 (13%) 44(14.1%) 1.88 (0.83-4.28) 0.124
Early neonatal death 0 (0%) 11(4.1%) 11 (3.5%) 0.93 (0.86-1.03) 0.188

CCA =Clinical Chorioamnionitis, SCCA = Sub-clinical Chorioamnionitis, PROM = Preterm Premature Rupture of Membranes *Chi square test.

TABLE 4 Comparison of perinatal outcomes based on the staging of chorioamnionitis histopathology according to Amsterdam placental workshop

group consensus classification.

Outcome Stage 1 (n =175) Stage 2 (n =79) Stage 3 (n =57)
CCA 10 (5.7%) 10 (12.7%) 21 (36.8% )k e
Preterm birth 109 (62.2%) 57 (72.1%) 45 (78.9%)"*
PROM 71 (40.5%) 41(51.8%) 43 (75.4%)> 0 ok
Prolonged PROM 30 (17.1%) 27 (34.1%)" 22 (38.5%)"*

Fetal weight<1,500g 58 (33.1%)

38 (48.1%)"* 38 (66.6%)b%* <

Neonatal sepsis 23 (13.1%)

23 (29.1%)"+* 25 (43.8%)%+%

Stillbirth 20 (11.4%)

10 (12.6%) 14 (24.5%)"*

6(3.4%)

Early neonatal death

4 (5%) 1(1.7%)

CCA =Clinical Chorioamnionitis, PROM = Preterm Premature Rupture of Membranes. *Stage 1 Vs. Stage 2; "Stage 1 V. Stage 3; Stage 2 Vs. Stage 3.

#p<0.05, *#p <0.001 Pearson’s Chi-squared test or Fisher’s exact test.

TABLE 5 Relative risk of severe histological chorioamnionitis for the development of perinatal complications according to Amsterdam placental

workshop group consensus classification.

Outcome Grade 1 (n = 254) Grade 2 (n =57) p* RR (1C95%)
CCA 20 (7.8%) 21 (36.8%) 0.001 4.6 (2.7-8.03)
Preterm birth 166 (65.3%) 45 (78.9%) 0.047 1.98 (1-3.9)
PROM 112 (44%) 43 (75.4%) 0.001 3.8 (2.02-7.4)
Prolonged PROM 58 (22.8%) 21 (36.8%) 0.04 1.61 (1.07-2.4)
Fetal weight<1,500¢ 96 (37.7%) 38 (66.6%) 0.001 3.2 (1.7-6.03)
Neonatal sepsis 46 (18.1%) 25 (43.8%) 0.001 3.5(1.9-6.4)
Stillbirth 30 (11.8%) 14 (24.5%) 0.01 2.4 (1.1-4.9)
Early neonatal death 10 (3.9%) 1(1.7%) 0.4%% 0.5 (0.007-3.2)

CCA =Clinical Chorioamnionitis, PROM = Preterm Premature Rupture of Membranes.
*Pearson’s Chi-squared test, **Fisher’s exact test.

presentation of chorioamnionitis is still commonly observed. However,
there are preceding phenomena, such as intraamniotic infection, that
can lead to the termination of pregnancy without the development of
overt clinical symptoms of chorioamnionitis (39).

In the present study, there were 11 early neonatal deaths (3.5%)
attributed to prematurity and/or neonatal sepsis. Considering the high
rate of neonatal sepsis (22%) and preterm birth (67.8%), there was a
trend of low early neonatal death rate, which can be attributed to the fact
that only 43% of neonates had a weight<1,500g, the availability of
infrastructure, economic and human resources in neonatal intensive care
unit and were similar to those reported in our institution by Rivera-
Rueda et al. (40). In comparison, a cohort study conducted in a tertiary
center in China, focusing on pregnancies with preterm PROM before
34weeks of gestation managed conservatively, reported a 17.8%
incidence of clinically diagnosed chorioamnionitis (CCA). The neonatal
mortality rate was 7.4%, and major neonatal complications occurred in
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40% of cases (41). Furthermore, another study examining premature
rupture of membranes before 35weeks of gestation found that
chorioamnionitis was the most common maternal complication,
occurring in 34.7% of cases, neonatal sepsis was observed in 12% of
patients, and the perinatal mortality rate was 21.5% for the group over
24weeks of gestation and 76.5% for the group under 24weeks of
gestational age (42). The clinical manifestations observed in these studies
highlight the significant impact of chorioamnionitis on both maternal
and neonatal outcomes in cases of preterm rupture of membranes.

If, well, in our study, the incidence of neonatal deaths was
relatively low (3.5%), the incidence of stillbirth was four times higher
(14.1%) and more frequent in the CCA (22%) than in the SCCA (13%)
group. Notably, within the stillbirth category, the incidence was more
pronounced in the CCA group at 22%, compared to the SCCA group
at 13%. This disparity may be elucidated by the documented
association between chorioamnionitis and stillbirths, as highlighted
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in previous studies; for instance, Pinar et al. conducted a study
involving 518 singleton stillbirths, revealing that the most frequent
placental abnormalities associated with stillbirth were acute
chorioamnionitis of the free membranes (30%) or chorionic plate
(23%). Moreover, they reported inflammatory lesions, such as massive
perivillous fibrin deposition, in 9.2% of stillbirth cases (43). Likewise,
Man et al. examined 946 stillbirths with placental histological
evaluation as part of the autopsy process. Their findings indicated
ascending infection as the cause of death in 19% of cases, while 2%
exhibited inflammatory placental abnormalities (44). These findings
collectively suggest a compelling correlation between chorioamnionitis
and stillbirths, underscoring the importance of understanding and
addressing future research on these factors in maternal and neonatal
care. The clinical manifestations had a notable impact on the clinical
course, leading to an increased risk of preterm delivery, PROM, and
consequently a higher rate of preterm births with neonates weighing
less than 1,500g, as was observed in the group of women with
CCA. Interestingly, a high frequency of these clinical manifestations
was also found among women with SCCA, which could
be contradictory but could be explained by the definition of CCA and
SCCA. Therefore, future research could be directed toward identifying
an accessible and efficient method to diagnose this group of patients
early, allowing for timely interventions and improved outcomes.

Having a diagnostic protocol that incorporates amniotic fluid
cultures and systemic inflammation markers could enhance the
detection rate of SCCA. According to Galaz, amniotic fluid analysis of
women with preterm CCA and positive cultures revealed several
characteristics: (1) presence of abundant neutrophils along with viable
and non-viable bacteria, (2) neutrophils engaged in phagocytosis, (3)
formation of neutrophil extracellular traps by neutrophils, (4) increased
numbers of neutrophils, monocytes/macrophages, and CD4+ T cells,
and (5) high expression of IL-1f by neutrophils and monocytes/
macrophage (45). Since histopathological examination is time-
consuming and impractical for acute cases seeking care at clinics and
hospitals, alternative diagnostic tools are needed. Both procalcitonin
(PCT) and C-reactive protein (CRP) show promise in predicting
subclinical intrauterine infection in pregnant women with PROM before
34 weeks of gestation. PCT and CRP have good potential for diagnostic
prediction, with PCT being particularly applicable to pregnant women
between 28 and 33 + 6 weeks of gestation with PROM (46).

Uterine activity and premature PROM are important risk factors
for chorioamnionitis. However, physiological changes that occur
during pregnancy can affect the interpretation of inflammatory
biomarkers and white blood cell counts, making it challenging to rely
solely on clinical suspicion (47). The neutrophil-to-lymphocyte ratio
(NLR) has been investigated as a potential predictor of histological
chorioamnionitis, an elevated NLR was associated with a five-fold
increased risk of HCA in women who delivered prematurely without
signs or symptoms of infection. Additionally, NLR levels were higher
at the time of preterm labor compared to the first trimester. These
findings suggest that NLR could serve as a useful biomarker for
identifying women at risk of chorioamnionitis and potentially aid in
clinical decision-making (48). Imaging of the fetal immune system, in
particular the thymus and the spleen, and the placenta may give
valuable information antenatally regarding the diagnosis of fetal
inflammatory response (49).

A significant strength of the study was the confirmation of
chorioamnionitis through histopathological examination, as it provided
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robust support for the study variable. Like Fahmi’s study, which
demonstrated an association between HCA grade 2 and early preterm
birth, while HCA grade 1 appeared to correlate with full-term deliveries
(50), our investigation revealed a statistically significant connection
between Grade 2 HCA and various adverse outcomes compared to
HCA grade 1, including clinical chorioamnionitis, preterm birth,
premature rupture of membranes (PROM), fetal weight below 1,500,
and neonatal sepsis, but, was not significative differences for early
neonatal death, that could be explained by the low frequency of this
adverse outcome and in consequence the lack of statistical power.

An important limitation of the study was its retrospective design,
which resulted in a lack of uniformity in data collection from the
included women. Some patients had inflammation and infection
markers such as erythrocyte sedimentation rate, CRP, and PCT, but
these could not be analyzed consistently due to the lack of uniformity
in data availability. Furthermore, relevant clinical data such as the
number of vaginal examinations performed were not reliably
recorded, despite this being a well-described risk factor for
chorioamnionitis in the literature (51). This limitation may have
impacted the ability to fully assess and analyze the association between
certain clinical factors and the occurrence of chorioamnionitis.

It is important to acknowledge these limitations, as they may have
influenced the overall findings and interpretation of the study results.
Furthermore, future research could concentrate on identifying
potential risk factors associated with SCCA in large cohort studies.
Additionally, it could assess the potential role of HCA as a biomarker,
illustrating fetal-maternal defense functions following an injury with
both short and long-term implications for the mother and the fetus”.

5 Conclusion

Two-thirds of patients with HCA had a preterm newborn, while
almost half experienced PROM. Interestingly, clinical manifestations
were observed in only 13 % of patients with HCA. However, it is
noteworthy that patients with SCCA also faced a high risk of perinatal
complications. Frequency of stillbirth and early neonatal death was
increased in women with HCA.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

This study was approved by Institutional Review Board of
Instituto Nacional de Perinatologia Isidro Espinosa de los Reyes;
ID number: CEI-RETRO-01-2023, approved May 2023. This study
was conducted in accordance with the local legislation and
institutional requirements. Written informed consent for
participation was not required from the participants or the
participants’ legal guardians/next of kin because in retrospective
studies, the data obtained from clinical records is not possible to
get written informed consent, only the IRB reviewed and approved
the research.

frontiersin.org


https://doi.org/10.3389/fmed.2024.1242962
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Olguin-Ortega et al.

Author contributions

AO-O, ER-M, and RE-D: conceptualization. AO-O, ER-M, MP-V,
and RF-D: methodology and validation. AO-O and ER-M: software, data
curation, writing—original draft preparation, and writing—review and
editing. AO-O, MP-V, and ER-M: formal analysis. AO-O: investigation,
resources, and visualization. ER-M and RF-D: supervision. All authors
contributed to the article and approved the submitted version.

Funding

The publication of this research was funded by Instituto Nacional
de Perinatologia Isidro Espinosa de los Reyes, register ID CEI-
RETRO-01-2023.

References

1. da Fonseca EB, Damido R, Moreira DA. Preterm birth prevention. Best Pract Res
Clin Obstet Gynaecol. (2020) 69:40-9. doi: 10.1016/j.bpobgyn.2020.09.003

2. Di Renzo GC, Tosto V; Giardina I. The biological basis and prevention of preterm
birth. Best Pract Res Clin Obstet Gynaecol. (2018) 52:13-22. doi: 10.1016/j.
bpobgyn.2018.01.022

3. Gomez-Lopez N, Galaz J, Miller D, Farias-Jofre M, Liu Z, Arenas-Hernandez M,
et al. The immunobiology of preterm labor and birth: intra-amniotic inflammation or
breakdown of maternal-fetal homeostasis. Reproduction. (2022) 164:R11-45. doi:
10.1530/REP-22-0046

4. Humberg A, Fortmann I, Siller B, Kopp MV, Herting E, Gopel W, et al. Preterm
birth and sustained inflammation: consequences for the neonate. Semin Immunopathol.
(2020) 42:451-68. doi: 10.1007/s00281-020-00803-2

5. Cappelletti M, Presicce P, Kallapur SG. Immunobiology of acute Chorioamnionitis.
Front Immunol. (2020) 11:649. doi: 10.3389/fimmu.2020.00649

6. Peng CC, Chang JH, Lin HY, Cheng PJ, Su BH. Intrauterine inflammation,
infection, or both (triple I): a new concept for chorioamnionitis. Pediatr Neonatol. (2018)
59:231-7. doi: 10.1016/j.pedneo.2017.09.001

7. Kachikis A, Eckert LO, Walker C, Bardaji A, Varricchio F Lipkind HS, et al.
Chorioamnionitis: case definition & guidelines for data collection, analysis, and
presentation of immunization safety data. Vaccine. (2019) 37:7610-22. doi: 10.1016/j.
vaccine.2019.05.030

8. Fowler JR, Simon LV. Chorioamnionitis In: StatPearls [internet]. Treasure Island
(FL): StatPearls Publishing (2023) http://www.ncbi.nlm.nih.gov/books/NBK532251/.

9. Conti N, Torricelli M, Voltolini C, Vannuccini S, Clifton VL, Bloise E, et al. Term
histologic chorioamnionitis: a heterogeneous condition. Eur J Obstet Gynecol Reprod
Biol. (2015) 188:34-8. doi: 10.1016/j.ejogrb.2015.02.034

10. Maki Y, Sato Y, Furukawa S, Sameshima H. Histological severity of maternal and
fetal inflammation is correlated with the prevalence of maternal clinical signs. ] Obstet
Gynaecol Res. (2022) 48:1318-27. doi: 10.1111/jog.15241

11. Kim CJ, Romero R, Chaemsaithong P, Chaiyasit N, Yoon BH, Kim YM. Acute
chorioamnionitis and funisitis: definition, pathologic features, and clinical significance.
Am ] Obstet Gynecol. (2015) 213:529-52. doi: 10.1016/j.aj0g.2015.08.040

12. Redline RW, Faye-Petersen O, Heller D, Qureshi F, Savell V, Vogler C, et al.
Amniotic infection syndrome: nosology and reproducibility of placental reaction
patterns. Pediatr Dev Pathol. (2003) 6:435-48. doi: 10.1007/s10024-003-7070-y

13. Khong TY, Mooney EE, Ariel I, Balmus NCM, Boyd TK, Brundler MA, et al.
Sampling and definitions of placental lesions: Amsterdam placental workshop group
consensus statement. Arch Pathol Lab Med. (2016) 140:698-713. doi: 10.5858/
arpa.2015-0225-CC

14. Sung JH, Choi SJ, Oh SY. Should the diagnostic criteria for suspected clinical
chorioamnionitis be changed? ] Matern Fetal Neonatal Med. (2021) 34:824-33. doi:
10.1080/14767058.2019.1618822

15. Jain VG, Willis KA, Jobe A, Ambalavanan N. Chorioamnionitis and neonatal
outcomes. Pediatr Res. (2022) 91:289-96. doi: 10.1038/s41390-021-01633-0

16. Villamor-Martinez E, Lubach GA, Rahim OM, Degraeuwe P, Zimmermann L],
Kramer BW, et al. Association of Histological and Clinical Chorioamnionitis with
Neonatal Sepsis among Preterm Infants: a systematic review, Meta—analysis, and Meta-
regression. Front Immunol. (2020) 11:972. doi: 10.3389/fimmu.2020.00972

17. Woodd SL, Montoya A, Barreix M, Pi L, Calvert C, Rehman AM, et al. Incidence

of maternal peripartum infection: a systematic review and meta-analysis. GC Smith,
editor. PLoS Med. (2019);16:€1002984. doi: 10.1371/journal.pmed.1002984

Frontiers in Medicine

10.3389/fmed.2024.1242962

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any
product that may be evaluated in this article, or claim that may be
made by its manufacturer, is not guaranteed or endorsed by the
publisher.

18. Palmsten K, Nelson KK, Laurent LC, Park S, Chambers CD, Parast MM.
Subclinical and clinical chorioamnionitis, fetal vasculitis, and risk for preterm birth: a
cohort study. Placenta. (2018) 67:54-60. doi: 10.1016/j.placenta.2018.06.001

19.Liu Y, Liu Y, Du C, Zhang R, Feng Z, Zhang J. Diagnostic value of amniotic fluid
inflammatory biomarkers for subclinical chorioamnionitis. Int ] Gynecol Obstet. (2016)
134:160-4. doi: 10.1016/j.ijg0.2016.01.007

20. Wang E, Wang Y, Wang R, Qiu H, Chen L. Predictive value of maternal serum
NF-kB p65 and sTREM-1 for subclinical chorioamnionitis in premature rupture of
membranes. Am ] Reprod Immunol. (2016) 76:217-23. doi: 10.1111/aji.12543

21. American College of Obstetricians and Gynecologists’ Committee on Obstetric
Practice. Committee opinion no. 712: intrapartum management of intraamniotic
infection. Obstet Gynecol. (2017) 130:¢95-e101. doi: 10.1097/A0G.0000000000002236

22. Smith MM, Daifotis HA, DeNoble AE, Dotters-Katz SK. Using the new definition
of intraamniotic infection - is there morbidity among the women left out? ] Matern Fetal
Neonatal Med. (2021) 34:4148-52. doi: 10.1080/14767058.2020.1711723

23.Jung E, Romero R, Yeo L, Diaz-Primera R, Marin-Concha J, Para R, et al. The fetal
inflammatory response syndrome: the origins of a concept, pathophysiology, diagnosis,
and obstetrical implications. Semin Fetal Neonatal Med. (2020) 25:101146. doi: 10.1016/j.
siny.2020.101146

24. Salafia CM, Misra DP. Histopathology of the fetal inflammatory response to intra-
amniotic pathogens. Semin Fetal Neonatal Med. (2020) 25:101128. doi: 10.1016/j.
siny.2020.101128

25. Pasquier JC, Picaud JC, Rabilloud M, Claris O, Ecochard R, Vigier S, et al.
Maternal leukocytosis after preterm premature rupture of membranes and infant
neurodevelopmental outcome: a Prospective, Population-based study (Décrire
Louverture des membranes Inopinée le nouveau-né et I'Organisation des Soins
[DOMINOS] study). J Obstet Gynaecol Can. (2007) 29:20-6. doi: 10.1016/
S1701-2163(16)32364-7

26. Martin A. Rythme cardiaque foetal pendant le travail: définitions et interprétation.
] Gynécologie Obstétrique Biol Reprod. (2008) 37:534-45. doi: 10.1016/j.jgyn.2007.11.009

27. Suzuki S. Association between clinical chorioamnionitis and histological funisitis
at term. ] Neonatal-Perinat Med. (2019) 12:37-40. doi: 10.3233/NPM-17155

28. Quinn JA, Munoz FM, Gonik B, Frau L, Cutland C, Mallett-Moore T, et al. Preterm
birth: case definition & guidelines for data collection, analysis, and presentation of
immunisation safety data. Vaccine. (2016) 34:6047-56. doi: 10.1016/j.vaccine.2016.03.045

29. Ozmeral Odabas1 1. Neonatal Sepsis. SiSli Etfal Hastan tip Bul med bull Sisli
Hosp [internet]. (2020); Available at: http://www.sislietfaltip.org/jvi.aspx?un=
SETB-00236&volume=

30. Haque KN. Definitions of bloodstream infection in the newborn. Pediatr Crit Care
Med. (2005) 6:545-9. doi: 10.1097/01.PCC.0000161946.73305.0A

31. Tavares Da Silva E Gonik B, McMillan M, Keech C, Dellicour S, Bhange S, et al.
Stillbirth: case definition and guidelines for data collection, analysis, and presentation of
maternal immunization safety data. Vaccine. (2016) 34:6057-68. doi: 10.1016/j.
vaccine.2016.03.044

32. Stillbirth [Internet]. Available at: https://www.who.int/health-topics/stillbirth#
tab=tab_1

33, Pathirana J, Muiioz FM, Abbing-Karahagopian V, Bhat N, Harris T, Kapoor A, et al.
Neonatal death: case definition & guidelines for data collection, analysis, and presentation
of immunization safety data. Vaccine. (2016) 34:6027-37. doi: 10.1016/j.vaccine.2016.03.040

34. Prelabor rupture of membranes: ACOG practice bulletin, number 217. Obstet
Gynecol. (2020) 135:e80-97. doi: 10.1097/A0G.0000000000003700

frontiersin.org


https://doi.org/10.3389/fmed.2024.1242962
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.bpobgyn.2020.09.003
https://doi.org/10.1016/j.bpobgyn.2018.01.022
https://doi.org/10.1016/j.bpobgyn.2018.01.022
https://doi.org/10.1530/REP-22-0046
https://doi.org/10.1007/s00281-020-00803-2
https://doi.org/10.3389/fimmu.2020.00649
https://doi.org/10.1016/j.pedneo.2017.09.001
https://doi.org/10.1016/j.vaccine.2019.05.030
https://doi.org/10.1016/j.vaccine.2019.05.030
http://www.ncbi.nlm.nih.gov/books/NBK532251/
https://doi.org/10.1016/j.ejogrb.2015.02.034
https://doi.org/10.1111/jog.15241
https://doi.org/10.1016/j.ajog.2015.08.040
https://doi.org/10.1007/s10024-003-7070-y
https://doi.org/10.5858/arpa.2015-0225-CC
https://doi.org/10.5858/arpa.2015-0225-CC
https://doi.org/10.1080/14767058.2019.1618822
https://doi.org/10.1038/s41390-021-01633-0
https://doi.org/10.3389/fimmu.2020.00972
https://doi.org/10.1371/journal.pmed.1002984
https://doi.org/10.1016/j.placenta.2018.06.001
https://doi.org/10.1016/j.ijgo.2016.01.007
https://doi.org/10.1111/aji.12543
https://doi.org/10.1097/AOG.0000000000002236
https://doi.org/10.1080/14767058.2020.1711723
https://doi.org/10.1016/j.siny.2020.101146
https://doi.org/10.1016/j.siny.2020.101146
https://doi.org/10.1016/j.siny.2020.101128
https://doi.org/10.1016/j.siny.2020.101128
https://doi.org/10.1016/S1701-2163(16)32364-7
https://doi.org/10.1016/S1701-2163(16)32364-7
https://doi.org/10.1016/j.jgyn.2007.11.009
https://doi.org/10.3233/NPM-17155
https://doi.org/10.1016/j.vaccine.2016.03.045
http://www.sislietfaltip.org/jvi.aspx?un=SETB-00236&volume
http://www.sislietfaltip.org/jvi.aspx?un=SETB-00236&volume
https://doi.org/10.1097/01.PCC.0000161946.73305.0A
https://doi.org/10.1016/j.vaccine.2016.03.044
https://doi.org/10.1016/j.vaccine.2016.03.044
https://www.who.int/health-topics/stillbirth#tab=tab_1
https://www.who.int/health-topics/stillbirth#tab=tab_1
https://doi.org/10.1016/j.vaccine.2016.03.040
https://doi.org/10.1097/AOG.0000000000003700

Olguin-Ortega et al.

35. Al-lawama M, AlZaatreh A, Elrajabi R, Abdelhamid S, Badran E. Prolonged
rupture of membranes, neonatal outcomes and management guidelines. ] Clin Med Res.
(2019) 11:360-6. doi: 10.14740/jocmr3809

36. Beck C, Gallagher K, Taylor LA, Goldstein JA, Mithal LB, Gernand AD.
Chorioamnionitis and risk for maternal and neonatal Sepsis: a systematic review and Meta-
analysis. Obstet Gynecol. (2021) 137:1007-22. doi: 10.1097/A0G.0000000000004377

37.Tita ATN, Andrews WW. Diagnosis and Management of Clinical
Chorioamnionitis. Clin Perinatol. (2010) 37:339-54. doi: 10.1016/j.clp.2010.02.003

38. Gomez-Lopez N, Romero R, Xu Y, Plazyo O, Unkel R, Than NG, et al. A role for
the Inflammasome in spontaneous labor at term with acute histologic Chorioamnionitis.
Reprod Sci. (2017) 24:934-53. doi: 10.1177/1933719116675058

39. Lukanovi¢ D, Batkoska M, Kavsek G, Druskovi¢ M. Clinical chorioamnionitis:
where do we stand now? Front Med (Lausanne). (2023) 10:1191254. doi: 10.3389/
fmed.2023.1191254

40. Rivera-Rueda MA, Fernandez-Carrocera LA, Michel-Macias C, Carrera-Muifios
S, Arroyo-Cabrales LM, Coronado-Zarco IA, et al. Morbidity and mortality in neonates
< 1500 g admitted into the NICU of a tertiary care hospital. Perinatol Reprod Hum.
(2017) 31:163-9. doi: 10.1016/j.rprh.2018.03.009

41.Yu H, Wang X, Gao H, You Y, Xing A. Perinatal outcomes of pregnancies
complicated by preterm premature rupture of the membranes before 34 weeks of
gestation in a tertiary center in China: a retrospective review. Biosci Trends. (2015)
9:35-41. doi: 10.5582/bst.2014.01058

42. Patriota AF, de QL GGV, ASR S. Ruptura prematura das membranas antes da 35a
semana: resultados perinatais. Rev Bras Ginecol E Obstetricia. (2014) 36:296-302. doi:
10.1590/SO100-720320140004958

43. Pinar H, Goldenberg RL, Koch MA, Heim-Hall J, Hawkins HK, Shehata B, et al.
Placental findings in singleton stillbirths. Obstet Gynecol. (2014) 123:325-36. doi:
10.1097/A0G.0000000000000100

Frontiers in Medicine

08

10.3389/fmed.2024.1242962

44. Man ], Hutchinson JC, Heazell AE, Ashworth M, Jeffrey I, Sebire NJ. Stillbirth and
intrauterine fetal death: role of routine histopathological placental findings to determine
cause of death. Ultrasound Obstet Gynecol. (2016) 48:579-84. doi: 10.1002/u0g.16019

45. Galaz J, Romero R, Xu Y, Miller D, Slutsky R, Levenson D, et al. Cellular immune
responses in amniotic fluid of women with preterm clinical chorioamnionitis. Inflamm
Res. (2020) 69:203-16. doi: 10.1007/s00011-019-01308-x

46.Li K. Predictive value of procalcitonin or c-reactive protein for subclinical
intrauterine infection in patients with premature rupture of membranes (PROM). |
Prenat Med. (2016) 10:23-8. doi: 10.11138/jpm/2016.10.3.023

47. Dockree S, Shine B, Pavord S, Impey L, Vatish M. White blood cells in pregnancy:
reference intervals for before and after delivery. EBioMedicine. (2021) 74:103715. doi:
10.1016/j.ebiom.2021.103715

48.Ridout AE, Horsley V, Seed PT, Simpson N, Tribe RM, Shennan A. The
neutrophil-to-lymphocyte ratio: a low-cost antenatal indicator of placental
chorioamnionitis in women who deliver preterm without clinical signs and symptoms
of infection. Eur J Obstet Gynecol Reprod Biol. (2023) 280:34-9. doi: 10.1016/j.
ejogrb.2022.11.003

49. Hall M, Hutter J, Suff N, Avena Zampieri C, Tribe RM, Shennan A, et al. Antenatal
diagnosis of chorioamnionitis: a review of the potential role of fetal and placental
imaging. Prenat Diagn. (2022) 42:1049-58. doi: 10.1002/pd.6188

50. Fahmi S, Papadogiannakis N, Nasiell J. High- but not low-grade
histologic chorioamnionitis is associated with spontaneous preterm birth in a Swedish
cohort. ] Matern Fetal Neonatal Med. (2018) 31:2265-70. doi: 10.1080/14767058.
2017.1340447

51. Gluck O, Mizrachi Y, Ganer Herman H, Bar J, Kovo M, Weiner E. The correlation
between the number of vaginal examinations during active labor and febrile morbidity,
a retrospective cohort study. BMC Pregnancy Childbirth. (2020) 20:246. doi: 10.1186/
512884-020-02925-9

frontiersin.org


https://doi.org/10.3389/fmed.2024.1242962
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.14740/jocmr3809
https://doi.org/10.1097/AOG.0000000000004377
https://doi.org/10.1016/j.clp.2010.02.003
https://doi.org/10.1177/1933719116675058
https://doi.org/10.3389/fmed.2023.1191254
https://doi.org/10.3389/fmed.2023.1191254
https://doi.org/10.1016/j.rprh.2018.03.009
https://doi.org/10.5582/bst.2014.01058
https://doi.org/10.1590/SO100-720320140004958
https://doi.org/10.1097/AOG.0000000000000100
https://doi.org/10.1002/uog.16019
https://doi.org/10.1007/s00011-019-01308-x
https://doi.org/10.11138/jpm/2016.10.3.023
https://doi.org/10.1016/j.ebiom.2021.103715
https://doi.org/10.1016/j.ejogrb.2022.11.003
https://doi.org/10.1016/j.ejogrb.2022.11.003
https://doi.org/10.1002/pd.6188
https://doi.org/10.1080/14767058.2017.1340447
https://doi.org/10.1080/14767058.2017.1340447
https://doi.org/10.1186/s12884-020-02925-9
https://doi.org/10.1186/s12884-020-02925-9

	Risk of adverse perinatal outcomes among women with clinical and subclinical histopathological chorioamnionitis
	1 Introduction
	2 Materials and methods
	2.1 Study design and participants
	2.2 Procedure
	2.3 Primary outcomes
	2.4 Data analysis
	2.5 Sample size

	3 Results
	3.1 Patients characteristics
	3.2 Risk factors
	3.3 Adverse perinatal outcomes

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

