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Abstract

Background: Intrauterine infection poses significant risks to both mother and fetus, especially in cases of premature rupture of mem-
branes (PROM). Early and accurate diagnosis is crucial for timely intervention. Methods: This was a prospective study involving 120
patients with PROM, including 32 cases diagnosed with intrauterine infection and 88 non-infected controls. Parameters such as serum
beta-human chorionic gonadotropin (β-hCG), serum ferritin (SF), and gestational age (GA) were evaluated for their diagnostic efficacy
using logistic regression and receiver operating characteristic (ROC) analysis. Results: A total of 120 patients were analyzed, with 32
(26.67%) diagnosed with intrauterine infection. Infected patients exhibited significantly higher median β-hCG (43,104.00 vs. 22,375.00
mIU/mL; p < 0.0001) and SF (34.14 vs. 27.81 ng/mL; p = 0.0020), and a shorter mean gestational age (38.63 vs. 37.78 weeks; p =
0.0040). Furthermore, the logistic regression analysis established these as independent predictors, with significant ORs for log10-β-hCG
(22.41; p = 0.0010), log10-SF (6.45; p = 0.0300), and gestational age (0.61; p = 0.0300). The combined testing approach, particularly
the integration of log10-β-hCG, log10-SF, and GA, showed superior diagnostic efficacy, achieving an ROC area under the curve of 0.78,
with significantly enhanced sensitivity and specificity. Conclusions: The combined testing of serum β-hCG, SF, and GA offers a robust
tool for the early diagnosis of intrauterine infection in women with PROM. These findings support the use of comprehensive biomarker
screening in clinical settings to improve diagnostic accuracy and patient outcomes.
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1. Introduction
Premature rupture of membranes (PROM) is a com-

mon obstetric complication during pregnancy. The earlier
it occurs in gestation, the worse the prognosis for the peri-
natal infant, potentially leading to premature birth, oligo-
hydramnios, placental abruption, umbilical cord prolapse,
fetal distress, and neonatal respiratory distress syndrome.
This condition significantly increases the rate of intrauter-
ine infection and perinatal mortality for both the mother and
fetus [1,2]. Importantly, a spectrum of placental and amni-
otic fluid pathologies beyond PROM—including placenta
accreta spectrum disorders, placental abruption, and amni-
otic fluid volume abnormalities have been similarly associ-
ated with adverse perinatal outcomes through shared patho-
physiological mechanisms involving uteroplacental insuffi-
ciency and inflammatory cascade activation. These clinical
parallels highlight the critical need for reliable biomarkers
to predict and stratify infection-related pregnancy compli-
cations. It is generally believed that the main causes of
PROM are infection, trauma, poor membrane development,
cervical incompetence, and abnormal intrauterine pressure,
which can lead to the destruction of the maternal membrane
structure. As the gestational week progresses, the weaker

parts of the membrane may rupture [3–5]. PROM and in-
trauterine infections are causally linked, with clinical stud-
ies confirming an extremely high risk of intrauterine infec-
tion among those with premature rupture, with infection
rates exceeding 15% [5,6]. This condition is also one of
the main causes of poor maternal and infant outcomes.

Clinically, women with PROM often exhibit no obvi-
ous symptoms early on, such as fever, fetal tachycardia, or
uterine tenderness, which complicates prenatal diagnosis.
Laboratory tests and biomarkers are critical for early detec-
tion of intrauterine infection, including amniotic fluid cul-
ture, placental pathology, and the testing of serum procal-
citonin (PCT), interleukin-6 (IL-6), and C-reactive protein
(CRP) [5,7]. However, traditional testing methods have
limitations. For example, amniotic fluid cultures require
several days, which may delay diagnosis. Some pathogens
are anaerobic and difficult to culture, leading to a high rate
of false negatives [8]. Pathological examinations are only
available post-delivery and cannot predict early outcomes
effectively. Serum markers like PCT, IL-6, and CRP are
susceptible to stress and other interfering factors, making
their results less stable [9,10]. Thus, there is a need for
a simple, reliable, non-invasive, and accurate method for
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Fig. 1. The study flow chart. PROM, premature rupture of membranes.

early diagnosis of intrauterine infection in cases of PROM,
warranting further clinical research.

β-human chorionic gonadotropin (β-hCG) is a glyco-
protein hormone secreted upon implantation of the fertil-
ized egg, which primarily aids in transitioning the corpus
luteum from the menstrual to the early pregnancy phase,
stimulates the secretion of progesterone, and enhances the
production of progesterone in the placental trophoblasts
[11,12]. Previous study has shown that serum β-hCG level
may rise in cases of intrauterine infection, possibly due
to anoxic conditions stimulating the trophoblast to synthe-
size and release more β-hCG [13]. Although it can reflect
intrauterine infection, its diagnostic efficacy alone is lim-
ited. Serum ferritin (SF), which stores excess iron in ferritin
within the protein shell to prevent high levels of free iron
inside cells, is vital for meeting the iron needs of bone mar-
row in hemoglobin production [14,15]. A previous study
has found that SF, an acute-phase protein, significantly in-
creases during infections and is closely related to infection
[16]. While serum β-hCG and SF testing have found some
clinical application in assessing infectious diseases, their
use in diagnosing intrauterine infection in cases of PROM
is still limited, suggesting further research is needed. Clin-
ical studies indicate that the rate of intrauterine infection in

cases of PROM between 20 to 27 weeks is around 70%,
whereas it drops below 30% between 33 to 35 weeks. As
gestation progresses, the fetus matures, and the outcomes of
premature rupture or preterm birthmaymore closely resem-
ble those of normal labor in terms of immune status [17].

Therefore, this study proposes to conduct a prospec-
tive analysis by enrolling pregnant womenwith PROMwho
meet the criteria, as well as healthy pregnant women. The
studywill measure levels of serum β-hCG and SF, and com-
bine these with the gold standard of pathological exami-
nation to explore the predictive value of combined serum
β-hCG and SF tests with gestational age indicators for in-
trauterine infection in cases of PROM. The aim is to es-
tablish a simple, effective, non-invasive, and highly repeat-
able early diagnostic method for intrauterine infections in
PROM, with the further goal of developing a predictive
model for clinical application and widespread use.

2. Methods
2.1 Study Participants

This prospective study enrolled 150 pregnant women
diagnosed with PROM according to the 2015 Guide-
lines for Diagnosis and Management of PROM [18] from
Chongqing University Central Hospital and the People’s
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Hospital of Yubei District between February 2023 and
February 2024. Initial screening identified 132 eligible par-
ticipants meeting all inclusion criteria: (1) age ≥18 years;
(2) singleton pregnancy; (3) regular prenatal care with-
out significant trauma or recent sexual intercourse; and (4)
complete clinical documentation. Subsequently, we ex-
cluded 12 participants based on predefined exclusion cri-
teria: (1) recent infections (respiratory/urinary tract) or an-
tibiotic use within two weeks; (2) pregnancy complications
(e.g., hypertension or diabetes); (3) severe systemic disor-
ders (affecting liver, kidney, or heart function) or malig-
nancy history; and (4) inability to comply with study pro-
tocols. The final study population comprised 120 partici-
pants. The procedure for participant recruitment is summa-
rized in the flow chart of Fig. 1.

Participants were stratified based on the degree of neu-
trophil infiltration in placental membrane tissues under high
magnification into non-infection, mild infection, moder-
ate infection, and severe infection categories. The Ethics
Committee of Chongqing University Central Hospital ap-
proved the study protocol (2023-8). All participants were
fully briefed on the study’s objectives and procedures, from
which informed consent was voluntarily obtained.

2.2 Data Collection and Biochemical Measurements
Participant data collected included age, gestational

age, length of hospital stay, parity, delivery mode, sex of
the fetus, and newborn weight. On admission, 3 mL of ve-
nous blood was drawn, stored in dry vacuum coagulation
tubes, and centrifuged at 3000 rpm for 15 minutes. The
serum was then transferred to Eppendorf tubes and stored
at –80 °C. Placental and membrane tissues were collected
within 10 minutes post-delivery from near the rupture site
for pathological analysis, fixed in formaldehyde, and pro-
cessed with hematoxylin and eosin staining.

Serum β-hCG levels were measured using the elec-
trochemiluminescence method on a Roche Cobas e411 an-
alyzer (Roche Diagnostics GmbH, Mannheim, Germany),
and SF levels were assessed with the chemiluminescence
method on a DiaSorin LIAISON XL analyzer 2210 (Dia-
Sorin S.p.A., Saluggia, Italy), following all manufacturer
instructions for calibration and quality control.

2.3 Definitions of Intrauterine Infection Severity
The placental membranes collected postpartum were

fixed in formalin, processed into pathological sections, and
stained with hematoxylin and eosin for microscopic exam-
ination. The severity was determined by examining pla-
cental membrane tissue slices for neutrophil infiltration per
high-power field: none (<5 neutrophils), mild (5–10 neu-
trophils), moderate (11–30 neutrophils), and severe (>30
neutrophils) [19].

2.4 Statistical Analysis

Participants were categorized into non-infected and
infected groups, and then further subdivided by infec-
tion severity. Data are presented as mean ± SD or me-
dian values (25th–75th percentile) as appropriate. Group
comparisons were made using one-way ANOVA for con-
tinuous variables. Variables with skewed distributions,
like serum β-hCG and ferritin levels, were logarithmically
transformed before analysis.

Spearman’s rank correlation analysis was conducted
to evaluate the association between risk factors and in-
trauterine infection. Logistic regression analyses were per-
formed to identify the risk factors for intrauterine infection.
Two logistic regression models were developed: Model 1
adjusted for age, hospital stay, white blood cells (WBCs),
neutrophils, and hemoglobin; Model 2 adjusted for gesta-
tional age and log-transformed serum levels. Multinomial
logistic regression was used to assess the predictive value
of serum markers and gestational age.

The C-statistics were calculated to measure the con-
cordance betweenmodel-based risk estimates and intrauter-
ine infection in PROM. Net reclassification improvement
(NRI) and integrated discrimination improvement (IDI)
were determined to measure the incremental prognostic ef-
fect of adding β-hCG, serum ferritin, and gestational age
to conventional risk factors. The basic prediction model in-
cluded conventional risk factors for intrauterine infection in
PROM, such as age, length of hospital stay, white blood cell
count, neutrophil count, hemoglobin, and newborn weight.

The gold standard for diagnosis was pathological ex-
amination. The efficacy of combined serum β-hCG, SF lev-
els, and gestational age as predictors of intrauterine infec-
tion in PROM was analyzed using receiver operating char-
acteristic (ROC) curves, evaluating the area under the curve
(AUC).

All statistical analyses were conducted by using SAS
version 9.4 (SAS Institute Inc, Cary, NC, USA), or SPSS
version 22.0 (IBM Corp., Armonk, NY, USA), with signif-
icance set at a two-sided p-value of <0.05.

3. Results
3.1 Basic Characteristics

The study included 120 patients with PROM, among
whom 32 (26.67%) were diagnosed with intrauterine infec-
tion. The infected patients exhibited significantly higher
median levels of serum β-hCG and SF compared to non-
infected patients (serum β-hCG: 43,104.00 vs. 22,375.00
mIU/mL, p < 0.0001; SF: 34.14 vs. 27.81 ng/mL, p =
0.0020). Additionally, gestational age was significantly
shorter in the infected group (38.63 vs. 37.78 weeks, p =
0.0040) (Table 1). Table 2 presents the basic characteristics
of patients stratified by intrauterine infection levels in cases
of PROM. Significant trends were observed with shorter
gestational age, increasing levels of SF and β-hCG related
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Table 1. Basic characteristics of patients with intrauterine infection and non-infected patients in PROM.
Non-infected patients Infected patients p value*

Number (%) 88 (73.33) 32 (26.67) /
Age (years) 28.97 ± 4.41 28.81 ± 3.53 0.8400
Length of hospital stay (days) 4.17 ± 1.36 3.91 ± 1.20 0.3300
WBC count (×109/L) 8.62 ± 1.89 8.87 ± 2.03 0.5300
Neutrophil ratio (%) 73.94 ± 5.33 75.09 ± 6.34 0.3200
Hemoglobin (g/L) 122.51 ± 10.72 119.36 ± 10.91 0.1500
Newborn weight (g) 3188.00 ± 366.00 3150.00 ± 402.00 0.6200
β-hCG (mIU/mL) 22,375.00 (14,610.00, 38,357.00) 43,104.00 (27,867.00, 65,027.00) <0.0001
SF (ng/mL) 27.81 (15.73, 42.72) 34.14 (23.19, 72.79) 0.0020
Gestational age (weeks) 38.63 ± 1.41 37.78 ± 1.28 0.0040
Data are expressed as mean ± standard deviation, number (percentage), or median (interquartile range). *p values
were calculated using ANOVA for continuous variables and p < 0.05 was considered that the difference is statis-
tically significant. β-hCG, beta-human chorionic gonadotropin; SF, serum ferritin; WBC, white blood cell. “/”
indicates not applicable.

Table 2. Basic characteristics of patients stratified by intrauterine infection levels in PROM.
Non-infected patients Mildly infected patients Moderately infected

patients
Severely infected

patients
p value*

Number, (%) 88 (73.33) 11 (9.17) 9 (7.50) 12 (10.00) /
Age (years) 28.97 ± 4.41 29.45 ± 3.04 27.11 ± 3.62 29.50 ± 3.72 0.5500
Length of hospital stay
(days)

4.17 ± 1.36 3.72 ± 1.27 3.33 ± 0.70 4.50 ± 1.24 0.1500

WBC count (×109/L) 8.62 ± 1.89 8.07 ± 1.90 9.96 ± 2.77 8.78 ± 1.09 0.1500
Neutrophils (%) 73.94 ± 5.33 74.79 ± 4.10 75.43 ± 8.91 75.11 ± 6.33 0.7900
Hemoglobin (g/L) 122.51 ± 10.71 119.30 ± 5.59 119.91 ± 14.12 118.99 ± 12.71 0.5600
Newborn weight (g) 3188.00 ± 366.00 3304.00 ± 387.00 3060.00 ± 324.00 3077.00 ± 454.00 0.3800
β-hCG (mIU/mL) 22,375.00 (14,610.00,

38,357.00)
31,333.00 (25,060.00,

45,892.00)
43,258.00 (26,210.00,

74,641.00)
45,070.00 (39,599.00,

71,859.00)
<0.0001

SF (ng/mL) 27.81 (15.73, 42.72) 22.98 (17.70, 48.10) 26.67 (23.80, 45.22) 61.78 (34.14, 84.97) 0.0010
Gestational age (weeks) 38.62 ± 1.41 38.49 ± 1.02 37.52 ± 1.51 37.34 ± 1.12 0.0050
Data are expressed as mean ± standard deviation, number (percentage), or median (interquartile range). *p values were calculated using
ANOVA for continuous variables. Bonferroni adjusted for 6 tests, which confirmed significant differences among groups for all biomarkers
(p < 0.008). “/” indicates not applicable.

to the severity of infection (p values were 0.01, 0.001, and
<0.0001, respectively).

3.2 Risk Factors for Intrauterine Infection and Severity in
PROM Patients

In the correlation analysis (Table 3), log10-β-hCG
and log10-SF demonstrated significant positive correlations
with intrauterine infection (correlation coefficients of 0.39,
p < 0.0001, and 0.23, p = 0.0100, respectively). In con-
trast, gestational age showed a negative correlation with
intrauterine infection (correlation coefficient of –0.26, p
= 0.0020). Similarly, when analyzing the severity of in-
fections, log10-β-hCG (correlation coefficient of 0.41, p
< 0.0001), log10-SF (correlation coefficient of 0.26, p =
0.0030), and gestational age (correlation coefficient of –
0.29, p = 0.0010) remained significant predictors.

For the logistic regression analysis (Table 4), elevated
log10-β-hCG and log10-SF levels, as well as lower gesta-

tional age, were significantly associated with a higher risk
of intrauterine infection. InModel 1, after adjusting for age,
hospital stay, WBC count, neutrophil ratio, hemoglobin
levels, and newborn weight, the odds ratio (OR) for log10-
β-hCG was 31.42 (95% confidence interval [CI]: 5.11–
193.23, p = 0.0002), for log10-SF was 13.45 (95%CI: 2.79–
64.72, p = 0.0010), and for gestational age was 0.54 (95%
CI: 0.36–0.81, p = 0.0020). In Model 2, after further adjust-
ment for gestational age, log10-β-hCG, and log10-SF, the
associations remained significant, with ORs of 22.41 (95%
CI: 3.39–148.19, p = 0.0010) for log10-β-hCG, 6.45 (95%
CI: 1.10–37.81, p = 0.0300) for log10-SF, and 0.61 (95%
CI: 0.39–0.97, p = 0.0300) for gestational age.

When analyzing infection severity (non-infected,
mildly, moderately, severely), the risk increased signifi-
cantly with higher log10-β-hCG and log10-SF levels, and
shorter gestational age. In Model 1, log10-β-hCG had an
OR of 16.88 (95% CI: 4.47–63.53, p < 0.0001), while
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Table 3. Spearman’s rank correlation analysis for intrauterine infection and intrauterine infection levels in PROM patients.
Intrauterine infection Intrauterine infection levels (non-, mildly, moderately, severely)

correlation coefficient p value correlation coefficient p value

Age –0.01 0.8500 –0.01 0.8500
Length of hospital stay –0.08 0.3200 –0.06 0.4800
WBC count 0.04 0.6600 0.05 0.5300
Neutrophile 0.06 0.4800 0.06 0.4600
Hemoglobin –0.12 0.1700 –0.11 0.1900
Newborn weight –0.03 0.7300 –0.04 0.5900
Log10-β-hCG 0.39 <0.0001 0.41 <0.0001
Log10-SF 0.23 0.0100 0.26 0.0030
Gestational age –0.26 0.0020 –0.29 0.0010

Table 4. Logistics regression analysis for risk of intrauterine infection in PROM.
Model 1 p value Model 2 p value

Intrauterine infection

Log10-β-hCG 31.42 (5.11, 193.23) 0.0002 22.41 (3.39, 148.19) 0.0010
Log10-SF 13.45 (2.79, 64.72) 0.0010 6.45 (1.10, 37.81) 0.0300
Gestational age 0.54 (0.36, 0.81) 0.0020 0.61 (0.39, 0.97) 0.0300

Intrauterine infection levels (non-, mildly, moderately, severely)

Log10-β-hCG 16.88 (4.47, 63.53) <0.0001 13.56 (3.51, 52.92) 0.0001
Log10-SF 10.74 (3.49, 33.05) <0.0001 5.47 (1.70, 17.52) 0.0040
Gestational age 0.59 (0.43, 0.81) 0.0010 0.71 (0.52, 0.97) 0.0300

Model 1 was adjusted for age, length of hospital stay, WBC, neutrophil number, hemoglobin,
and newborn weight.
Model 2 was further adjusted for gestational weeks, log10-SF, and log10-β-hCG based on
model 1.

log10-SF had an OR of 10.74 (95% CI: 3.49–33.05, p <

0.0001), and gestational age had an OR of 0.59 (95% CI:
0.43–0.81, p = 0.0010). After full adjustment in Model 2,
the ORs were 13.56 (95% CI: 3.51–52.92, p = 0.0001) for
log10-β-hCG, 5.47 (95% CI: 1.70–17.52, p = 0.0040) for
log10-SF, and 0.71 (95%CI: 0.52–0.97, p = 0.0300) for ges-
tational age (Table 4).

3.3 Diagnostic Efficacy and Predictive Value of
Biomarkers in PROM Patients

Fig. 2 presents the receiver operating characteristic
(ROC) curves, illustrating the diagnostic performance of
these biomarkers. The combined approach using log10-β-
hCG, log10-SF, and gestational age significantly enhanced
diagnostic accuracy, as evidenced by the highest area under
the curve (AUC) of 0.78 (Table 5). These findings under-
score the value of integrating multiple biomarkers to im-
prove the early diagnosis and management of intrauterine
infection in PROM patients.

Next, we compared the predictive performance of β-
hCG, SF, and gestational age, alongside basic risk fac-
tors, in forecasting incident intrauterine infection in patients
with PROM. Incorporating β-hCG, SF, and gestational age
into the conventional risk models significantly improved C-
statistics, IDI, and NRI, compared to adding each variable

individually to the models (all p values < 0.05, except for
NRI in the models that included gestational age alone, or
both gestational age and SF) (Table 6).

4. Discussion
This study emphasizes the significant role of integrat-

ing SF, β-hCG, and gestational age as diagnostic biomark-
ers in managing PROM with suspected intrauterine infec-
tion. The combination of these biomarkers offers a robust
method for early diagnosis of intrauterine infections, which
is crucial for the effective management of PROM and the
prevention of adverse outcomes for both mother and fetus.

The adoption of a multi-marker strategy in obstetric
care, particularly for conditions like PROM, offers a more
dynamic and sensitive approach to diagnosing intrauterine
infections. Gestational age is a pivotal factor in maternal
health, and its correlation with increased inflammatory re-
sponses at advanced stages can indicate higher risks of com-
plications [20,21]. The present study found that the shorter
the gestational age, the higher the risk of intrauterine in-
fection in patients with PROM. This finding aligns closely
with previous studies [22,23].

SF, recognized for its role as an acute-phase reac-
tant, shows a strong correlation with the presence of in-
trauterine infection, supporting the findings of other stud-
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Table 5. The area under the curve of SF, β-hCG, and gestational age for intrauterine infection.
Area under the curve (95% CIs) p value

β-hCG 0.75 (0.66–0.85) <0.0001
SF 0.65 (0.55–0.76) 0.0100
Gestational age 0.67 (0.57–0.77) 0.0030
β-hCG + SF 0.77 (0.67–0.86) <0.0001
β-hCG + Gestational age 0.78 (0.69–0.87) <0.0001
SF + Gestational age 0.69 (0.58–0.79) 0.0020
β-hCG + SF + Gestational age 0.78 (0.69–0.88) <0.0001
Abbreviation: 95% CIs, 95% confidence intervals.

Table 6. Improvement in the prediction of intrauterine infection in PROM by adding β-hCG, SF, and gestational age to
conventional risk factors.

∆C-statistics (95% CIs) p values IDI, % (95% CIs) p values NRI, % (95% CIs) p value

β-hCG vs. risk factors 0.17 (0.05, 0.28) 0.0040 0.13 (0.06, 0.21) 0.0001 0.61 (0.22, 1.00) 0.0030
SF vs. risk factors 0.12 (0.01, 0.23) 0.020 0.10 (0.04, 0.17) 0.0010 0.43 (0.04, 0.83) 0.0300
Gestational age vs. risk
factors

0.11 (0.01, 0.22) 0.0300 0.07 (0.02, 0.13) 0.0040 0.31 (–0.08, 0.71) 0.1200

β-hCG + SF vs. risk fac-
tors

0.19 (0.07, 0.32) 0.0010 0.22 (0.12, 0.31) <0.0001 0.59 (0.20, 0.97) 0.0040

β-hCG + Gestational age
vs. risk factors

0.22 (0.11, 0.34) <0.0001 0.21 (0.12, 0.29) <0.0001 0.80 (0.43, 1.17) <0.0001

Gestational age + SF vs.
risk factors

0.16 (0.04, 0.27) 0.0100 0.15 (0.07, 0.23) 0.0003 0.29 (–0.10, 0.69) 0.1500

β-hCG + SF + Gesta-
tional age vs. risk factors

0.22 (0.10, 0.33) 0.0002 0.25 (0.15, 0.35) <0.0001 0.65 (0.27, 1.04) 0.0010

Basic risk factors: age, length of hospital stay, WBC, neutrophil, hemoglobin, and newborn weight.

Fig. 2. The receiver operating characteristic analysis for the risk of intrauterine infection. This figure displays the ROC curve,
plotted using sensitivity (true positive rate) against 1-specificity (false positive rate) based on the data from the predictive model. The
AUCvalue included in the figure quantifies themodel’s accuracy in distinguishing cases with andwithout the risk of intrauterine infection,
reflecting its diagnostic ability. AUC, area under the curve; ROC, receiver operating characteristic.
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ies that have used SF as a marker for systemic inflamma-
tion and infection in pregnant women [16,21]. Ferritin is
involved in iron metabolism, and during infection, it is syn-
thesized in greater amounts to limit the availability of iron
to pathogens, a process known as nutritional immunity [24].
Elevated SF levels provide a quantifiable measure that can
be crucial in the early detection of subclinical infections.

Similarly, abnormal β-hCG levels, often associated
with trophoblastic disease, have been noted in our study to
indicate placental stress, which may be due to, or result in,
intrauterine infections [5]. The diagnostic relevance of β-
hCG as a biomarker for assessing placental health under-
lines its utility, as discussed by Schmitz et al. [5], who
found that β-hCG levels could serve as an indicator of pla-
cental inflammation and subsequent fetal risk.

Our findings support the literature advocating for the
use of multiple diagnostic indicators to improve sensitiv-
ity and specificity in the detection of intrauterine infec-
tions [25,26]. The use of a combined biomarker approach,
yielding an AUC of 0.78, demonstrates a significant im-
provement over traditional single-marker methods and sug-
gests potential changes in standard screening protocols for
PROM.

Implementing a multi-marker strategy could lead to
earlier and more accurate diagnoses, allowing healthcare
providers to initiate appropriate and timely interventions.
This proactive approach aligns with guidelines from major
health organizations, including World Health Organization
(WHO) and American College of Obstetricians and Gyne-
cologists (ACOG), which emphasize the need for precise
and proactive management in cases of PROM to mitigate
risks of infection and preterm labor [3,25]. By integrating
these biomarkers into routine prenatal care, we can poten-
tially lower the incidence of adverse neonatal outcomes and
improve maternal health.

Limitations

This study has several limitations that should be ac-
knowledged. Firstly, although participants were enrolled
from two medical centers, the sample size remains rela-
tively modest, which may limit the statistical power and
the generalizability of the findings. Expanding the sam-
ple size in future studies could enhance the robustness of
the conclusions. Secondly, while serum β-hCG, SF, and
gestational age demonstrated strong diagnostic value, vari-
ations in clinical protocols, diagnostic thresholds, and test-
ing equipment across different institutions may influence
the reproducibility of results. Additionally, some poten-
tial confounding variables, such as CRP, procalcitonin, ma-
ternal microbiome profiles or environmental factors, were
not included in the analysis and may contribute to variabil-
ity in outcomes. Finally, emerging biomarkers such as the
neutrophil-to-lymphocyte ratio [27] were not included in
this study but could be valuable additions to future investi-
gations. Future research should prioritize larger, multicen-

ter trials to validate these findings and improve diagnos-
tic models for intrauterine infections in PROM cases. In-
corporating genetic, immunological, and microbial assess-
mentsmay further enhance diagnostic precision and support
the development of personalized management strategies for
high-risk patients.

5. Conclusions
In conclusion, the integration of gestational age, SF,

and β-hCG as biomarkers significantly enhances the diag-
nostic landscape for intrauterine infections in PROM. This
approach not only improves diagnostic accuracy but also
provides a basis for more effective clinical management,
thereby enhancing maternal and neonatal health outcomes.

Availability of Data and Materials
The data that support the findings of this study are not

publicly available due to their containing information that
could compromise the privacy of research participants but
are available from the corresponding author (YD) upon rea-
sonable request.

Author Contributions
YD designed the research study. YD and SY per-

formed the research and analyzed the data. Both authors
contributed to editorial changes in the manuscript. Both au-
thors read and approved the final manuscript. Both authors
have participated sufficiently in the work and agreed to be
accountable for all aspects of the work.

Ethics Approval and Consent to Participate
The study was carried out in accordance with the

guidelines of the Declaration of Helsinki. We used a
database started after ethical approval by the Ethics Com-
mittee of Chongqing University Central Hospital (2023-8),
and all participants had provided written informed consent
to have their data anonymously used in future research.

Acknowledgment
The authors thank the field workers for their contribu-

tion to the study and the participants for their cooperation.
We also appreciate the reviewers’ insightful comments.

Funding
This research was funded by the Chongqing Sci-

ence and Health Joint Medical Research Project (No.
2023QNXM019).

Conflict of Interest
The authors declare no conflict of interest.

References
[1] Gatta LA, Hughes BL. Premature Rupture of Membranes with

Concurrent Viral Infection. Obstetrics and Gynecology Clinics

7

https://www.imrpress.com


of North America. 2020; 47: 605–623. https://doi.org/10.1016/
j.ogc.2020.08.006.

[2] Gibson KS, Brackney K. Periviable Premature Rupture ofMem-
branes. Obstetrics and Gynecology Clinics of North America.
2020; 47: 633–651. https://doi.org/10.1016/j.ogc.2020.08.007.

[3] American College of Obstetricians and Gynecologists. Prelabor
Rupture of Membranes: Practice Bulletin No. 188. Obstetrics &
Gynecology. 2018; 131: e1–e14.

[4] Meller CH, Carducci ME, Ceriani Cernadas JM, Otaño L.
Preterm premature rupture of membranes. Archivos Argentinos
De Pediatria. 2018; 116: e575–e581. https://doi.org/10.5546/aa
p.2018.eng.e575.

[5] Schmitz T, Sentilhes L, Lorthe E, Gallot D, Madar H, Doret-
Dion M, et al. Preterm premature rupture of the membranes:
Guidelines for clinical practice from the French College of Gy-
naecologists and Obstetricians (CNGOF). European Journal of
Obstetrics, Gynecology, and Reproductive Biology. 2019; 236:
1–6. https://doi.org/10.1016/j.ejogrb.2019.02.021.

[6] Bennett PR, Brown RG, MacIntyre DA. Vaginal Microbiome
in Preterm Rupture of Membranes. Obstetrics and Gynecology
Clinics of North America. 2020; 47: 503–521. https://doi.org/
10.1016/j.ogc.2020.08.001.

[7] Bellussi F, Seidenari A, Juckett L, Di Mascio D, Berghella
V. Induction within or after 12 hours of ≥36 weeks’ prelabor
rupture of membranes: a systematic review and meta-analysis.
American Journal of Obstetrics & Gynecology MFM. 2021; 3:
100425. https://doi.org/10.1016/j.ajogmf.2021.100425.

[8] Romero R, Miranda J, Chaiworapongsa T, Chaemsaithong P,
Gotsch F, Dong Z, et al. A novel molecular microbiologic tech-
nique for the rapid diagnosis of microbial invasion of the am-
niotic cavity and intra-amniotic infection in preterm labor with
intact membranes. American Journal of Reproductive Immunol-
ogy (New York, N.Y.: 1989). 2014; 71: 330–358. https://doi.or
g/10.1111/aji.12189.

[9] Balciuniene G, Kvederaite-Budre G, Gulbiniene V, Du-
malakiene I, Viliene R, Pilypiene I, et al. Neutrophil-lymphocyte
ratio for the prediction of histological chorioamnionitis in cases
of preterm premature rupture of membranes: a case-control
study. BMC Pregnancy and Childbirth. 2021; 21: 656. https:
//doi.org/10.1186/s12884-021-04101-z.

[10] Seliger G, BergnerM,Haase R, StepanH, Schleußner E, Zöllkau
J, et al. Dailymonitoring of vaginal interleukin 6 as a predictor of
intraamniotic inflammation after preterm premature rupture of
membranes - a new method of sampling studied in a prospective
multicenter trial. Journal of Perinatal Medicine. 2021; 49: 572–
582. https://doi.org/10.1515/jpm-2020-0406.

[11] Bouzari Z, Shahhosseini R, Mohammadnetaj M, Barat S, Yaz-
dani S, Hajian-Tilaki K. Vaginal discharge concentrations of β-
human chorionic gonadotropin, creatinine, and urea for the diag-
nosis of premature rupture of membranes. International Journal
of Gynaecology and Obstetrics: the Official Organ of the Inter-
national Federation of Gynaecology and Obstetrics. 2018; 141:
97–101. https://doi.org/10.1002/ijgo.12414.

[12] Eldaly A, Omran E, Youssef MA, Abdallah A, Metwally
A, Haggag H, et al. Use of beta subunit of human chori-
onic gonadotropin assay as a diagnostic tool for prelabor rup-
ture of membranes. The Journal of Maternal-fetal & Neonatal
Medicine: the Official Journal of the European Association of
Perinatal Medicine, the Federation of Asia and Oceania Perina-
tal Societies, the International Society of Perinatal Obstetricians.
2019; 32: 1965–1970. https://doi.org/10.1080/14767058.2017.
1422712.

[13] Jiang K, Chen Y, Jarvis JN. hCG Secretion in human choriocar-
cinoma JAR cells is MAPK but not Stat3 dependent: contribu-
tions of TNFalpha and IL-1beta to inflammation-induced hCG
secretion. Placenta. 2006; 27: 853–860. https://doi.org/10.1016/
j.placenta.2005.04.013.

[14] Ray JG, Berger H, Park AL. Population-based study of serum
ferritin in early pregnancy and adverse perinatal outcomes. Pae-
diatric and Perinatal Epidemiology. 2020; 34: 706–712. https:
//doi.org/10.1111/ppe.12687.

[15] Lamport L, Schanler R, Weinberger B. Optimizing iron supple-
mentation by monitoring serum ferritin levels in premature in-
fants. Journal of Neonatal-perinatal Medicine. 2022; 15: 567–
574. https://doi.org/10.3233/NPM-210912.

[16] Moreira AC, Mesquita G, Gomes MS. Ferritin: An Inflamma-
tory Player Keeping Iron at the Core of Pathogen-Host Interac-
tions. Microorganisms. 2020; 8: 589. https://doi.org/10.3390/mi
croorganisms8040589.

[17] Erenberg M, Yagel Y, Press F, Weintraub AY. Chorioamnioni-
tis caused by Serratia marcescens in a healthy pregnant woman
with preterm premature rupture of membranes: A rare case re-
port and review of the literature. European Journal of Obstetrics,
Gynecology, and Reproductive Biology. 2017; 211: 227–230.
https://doi.org/10.1016/j.ejogrb.2017.02.024.

[18] Obstetrics Group, Chinese Society of Obstetrics and Gynecol-
ogy. Guidelines for diagnosis and treatment of premature rupture
of membranes. Chinese Journal of Obstetrics and Gynecology.
2015; 50: 3–8. (In Chinese)

[19] Redline RW. Placental inflammation. Seminars in Neonatology:
SN. 2004; 9: 265–274. https://doi.org/10.1016/j.siny.2003.09.
005.

[20] 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. Seminars in Fetal & Neonatal Medicine. 2020; 25:
101146. https://doi.org/10.1016/j.siny.2020.101146.

[21] Humberg A, Fortmann I, Siller B, Kopp MV, Herting E, Göpel
W, et al. Preterm birth and sustained inflammation: conse-
quences for the neonate. Seminars in Immunopathology. 2020;
42: 451–468. https://doi.org/10.1007/s00281-020-00803-2.

[22] Oh KJ, Romero R, Park JY, Hong JS, Yoon BH. The earlier the
gestational age, the greater the intensity of the intra-amniotic
inflammatory response in women with preterm premature rup-
ture of membranes and amniotic fluid infection by Ureaplasma
species. Journal of Perinatal Medicine. 2019; 47: 516–527.
https://doi.org/10.1515/jpm-2019-0003.

[23] Romero R, Miranda J, Chaemsaithong P, Chaiworapongsa
T, Kusanovic JP, Dong Z, et al. Sterile and microbial-
associated intra-amniotic inflammation in preterm prelabor rup-
ture of membranes. The Journal of Maternal-fetal & Neonatal
Medicine: the Official Journal of the European Association of
Perinatal Medicine, the Federation of Asia and Oceania Perina-
tal Societies, the International Society of Perinatal Obstetricians.
2015; 28: 1394–1409. https://doi.org/10.3109/14767058.2014.
958463.

[24] Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology
and causes of preterm birth. Lancet (London, England). 2008;
371: 75–84. https://doi.org/10.1016/S0140-6736(08)60074-4.

[25] WHO Recommendations on Interventions to Improve Preterm
Birth Outcomes. World Health Organization, 2015. Avail-
able at: https://iris.who.int/bitstream/handle/10665/183037/
9789241508988_eng.pdf (Accessed: 23 September 2024).

[26] Goldenberg RL, Hauth JC, Andrews WW. Intrauterine in-
fection and preterm delivery. The New England Journal of
Medicine. 2000; 342: 1500–1507. https://doi.org/10.1056/NE
JM200005183422007.

[27] Ridout AE, Horsley V, Seed PT, Simpson N, Tribe RM, Shen-
nan A. The neutrophil-to-lymphocyte ratio: A low-cost antena-
tal indicator of placental chorioamnionitis in womenwho deliver
preterm without clinical signs and symptoms of infection. Euro-
pean Journal of Obstetrics, Gynecology, and Reproductive Bi-
ology. 2023; 280: 34–39. https://doi.org/10.1016/j.ejogrb.2022.
11.003.

8

https://doi.org/10.1016/j.ogc.2020.08.006
https://doi.org/10.1016/j.ogc.2020.08.006
https://doi.org/10.1016/j.ogc.2020.08.007
https://doi.org/10.5546/aap.2018.eng.e575
https://doi.org/10.5546/aap.2018.eng.e575
https://doi.org/10.1016/j.ejogrb.2019.02.021
https://doi.org/10.1016/j.ogc.2020.08.001
https://doi.org/10.1016/j.ogc.2020.08.001
https://doi.org/10.1016/j.ajogmf.2021.100425
https://doi.org/10.1111/aji.12189
https://doi.org/10.1111/aji.12189
https://doi.org/10.1186/s12884-021-04101-z
https://doi.org/10.1186/s12884-021-04101-z
https://doi.org/10.1515/jpm-2020-0406
https://doi.org/10.1002/ijgo.12414
https://doi.org/10.1080/14767058.2017.1422712
https://doi.org/10.1080/14767058.2017.1422712
https://doi.org/10.1016/j.placenta.2005.04.013
https://doi.org/10.1016/j.placenta.2005.04.013
https://doi.org/10.1111/ppe.12687
https://doi.org/10.1111/ppe.12687
https://doi.org/10.3233/NPM-210912
https://doi.org/10.3390/microorganisms8040589
https://doi.org/10.3390/microorganisms8040589
https://doi.org/10.1016/j.ejogrb.2017.02.024
https://doi.org/10.1016/j.siny.2003.09.005
https://doi.org/10.1016/j.siny.2003.09.005
https://doi.org/10.1016/j.siny.2020.101146
https://doi.org/10.1007/s00281-020-00803-2
https://doi.org/10.1515/jpm-2019-0003
https://doi.org/10.3109/14767058.2014.958463
https://doi.org/10.3109/14767058.2014.958463
https://doi.org/10.1016/S0140-6736(08)60074-4
https://iris.who.int/bitstream/handle/10665/183037/9789241508988_eng.pdf
https://iris.who.int/bitstream/handle/10665/183037/9789241508988_eng.pdf
https://doi.org/10.1056/NEJM200005183422007
https://doi.org/10.1056/NEJM200005183422007
https://doi.org/10.1016/j.ejogrb.2022.11.003
https://doi.org/10.1016/j.ejogrb.2022.11.003
https://www.imrpress.com

	1. Introduction
	2. Methods
	2.1 Study Participants
	2.2 Data Collection and Biochemical Measurements
	2.3 Definitions of Intrauterine Infection Severity
	2.4 Statistical Analysis

	3. Results
	3.1 Basic Characteristics
	3.2 Risk Factors for Intrauterine Infection and Severity in PROM Patients
	3.3 Diagnostic Efficacy and Predictive Value of Biomarkers in PROM Patients

	4. Discussion
	Limitations

	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

