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Background: To investigate the clinical value of cervical secretion culture in pregnant women with premature rupture of membranes (PROM) in predicting maternal and fetal outcomes.
Methods: We retrospectively reviewed clinical records of pregnant women who underwent obstetric examination and delivered in Fujian Maternal and Child Healthcare from December 2013 to December 2016. Pregnant women with a clear diagnosis of PROM, who underwent cervical secretion culture immediately after hospital admission were selected for the study. The primary outcome was the occurrence of chorioamnionitis. The secondary outcome was neonatal admission to the neonatal intensive care unit (NICU). Correlation between maternal and fetal outcomes and the results of the cervical secretion culture was analyzed by one-way analysis and multifactorial analysis, respectively. The predictive efficacy of cervical secretion culture was evaluated using receiver operating characteristic curve (ROC), area under the curve (AUC) and the integrated discrimination improvement (IDI).
Results: A total of 7,727 pregnant women with PROM were included in the study. Of them, 1812 had positive cervical secretion cultures (635 positive for mycoplasma infection, 475 for bacterial, 637 for fungal, and 65 for chlamydial infections). Pregnant women with positive mycoplasma and bacterial cultures had higher rates of developing chorioamnionitis compared to women with negative cervical secretion cultures (9%, 12% vs. 1%, respectively). Similarly, positive mycoplasma and bacterial cultures were associated with higher rate of the preterm (before 34 weeks) labor (3%, 3% vs. 1% in women with negative cultures, respectively), and neonatal admission to the NICU (9%, 11% vs. 7%, respectively). After adjusting for various confounding factors, our analysis demonstrated that a positive cervical secretion culture for mycoplasma or bacterial pathogens remained an independent risk factor for chorioamnionitis. Cervical secretion culture outcome was less effective in predicting chorioamnionitis (AUC 0.569) compared to white blood count (WBC) (AUC 0.626) and C-reactive protein (CRP) levels (AUC 0.605). The IDI of the combined predictive model incorporating WBC, CRP, maternal fever and cervical secretion culture results was 0.0029.
Conclusion: Positive cervical secretion cultures, especially for mycoplasma and bacteria, are associated with higher incidence of adverse maternal and fetal outcomes. However, the predictive value of this test is poor, and cannot be efficiently used for predicting chorioamnionitis.
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INTRODUCTION
Premature rupture of membranes (PROM) is a common obstetric complication that may lead to adverse pregnancy outcomes such as placental abruption, maternal and fetal infections, and neonatal asphyxia (Prelabor Rupture of Membranes: ACOG Practice Bulletin, Number 217, 2020). Among these complications, chorioamnionitis is particularly notable for its long-term adverse effects on the neonate, such as neonatal sepsis and abnormal neurological development (Jain et al., 2022; Tsamantioti and Razaz, 2022; Yamaguchi-Goto et al., 2023). Yet, early clinical features of chorioamnionitis are not clear, and the diagnosis is often made only after the onset of maternal symptoms (fever, uterine fundal tenderness, tachycardia) and fetal distress, which leads to more serious adverse effects. Therefore, it is particularly important to monitor pregnant women with PROM and intervene in a timely manner. However, there is still a lack of good predictive methods for chorioamnionitis that are non-invasive, easy to perform, specific and effective in clinical practice.
Numerous studies have shown that PROM is closely related to reproductive tract infections that are detected by microbiological cultures of cervical secretions (Xu et al., 2022; Liu et al., 2023; Taylor et al., 2023). Cervical secretion culture is safe and easy to perform, and may detect subclinical chorioamnionitis at an early stage. The results of the cervical secretion culture together with the drug sensitivity test may be used to guide a subsequent antibiotic treatment. Previous studies have shown that the occurrence of chorioamnionitis may be predicted by measuring maternal inflammatory indicators in combination with the results of the cervical secretion cultures (Huang et al., 2022; Berg et al., 2023; Zhang et al., 2023). This study aims to analyze the correlation between the results of the cervical secretion culture and pregnancy and neonatal outcomes in women with PROM. Our results may provide evidence for the efficacy of cervical secretion culture in predicting chorioamnionitis and maternal and fetal outcomes, and to clarify its application value in PROM complicated by chorioamnionitis.
MATERIALS AND METHODS
Study design
We conducted a large-scale population-based retrospective cohort study of pregnant women who had regular medical check-ups and delivered at Fujian Maternal and Child Health Hospitals from December 2013 to December 2016, and 7,727 pregnant women with preterm premature rupture of membranes were ultimately enrolled in the study (Figure 1). All participants underwent routine blood counts and C-reactive protein (CRP) levels measurements in the peripheral blood. Cervical secretion cultures were done immediately after admission to the hospital, and antibiotics were administered to prevent infections when preterm rupture of membranes was present for more than 12 h. Placentas were sent for pathology for confirmation of the diagnosis of chorioamnionitis.
[image: Figure 1]FIGURE 1 | Flowchart of participants selection for the cohort.
This study was approved by the Ethics Committee of Fujian Maternal and Child Health Hospital (#2022KYLLR0102). Due to the retrospective nature of the study, a written informed consent from the patients was not required.
Eligibility criteria
Inclusion criteria were as follows: 1) Premature rupture of membranes, diagnosed according to the Clinical Practice Guidelines for Premature Rupture of Fetal Membranes (2020)" published by the American College of Obstetricians and Gynecologists (ACOG) in 2020 [1]; 2) Chorioamnionitis: infiltration of more than 5 neutrophils per high power field of view in pathological tissue of placenta, membranes, and umbilical cord.
Exclusion criteria: 1) Immediate delivery on admission, before the cervical secretion cultures was taken; 2) Typical clinical symptoms of chorioamnionitis (including elevated temperature, increased fetal heart rate, increased white blood cell count, increased pulse rate, etc.) on admission; 3) Use of antibiotics or glucocorticosteroids, etc. in the week prior to admission; 4) Failure to obtain the pathological results of placenta; 5) Comorbidities, such as upper respiratory tract infections, pneumonia, acute appendicitis, acute gastroenteritis and acute cholecystitis, etc.; and 6) Lost to follow up.
Methods
Clinical information on pregnant women was collected through the hospital’s case system and included:
1) General information: age at delivery, education, maternal history, history of previous preterm labor, height, maternal fever (axillary temperature >37.8°C), pre-pregnancy weight and body mass index;
2) Laboratory indicators: routine blood indicators, including white blood count (WBC), neutrophil count (NE), levels of CRP;
3) Cervical secretion cultures. Cervical secretion cultures were done as follows: pregnant women were placed in the cystotomy position, vulva was disinfected, cervix exposed by speculum. The outer cervical orifice was swabbed by the sterile cotton swab. Cotton swab was inserted 1–2 cm into the cervical canal, rotated 5 times for a total of 20 s, and the secretions were cultured within 2 h. Swabs were inoculated into petri dishes and placed in 37°C, 5% CO2 for 24–48 h before checking to select target colonies for further microbial identification. The identification was carried out using the French bioMérieux VITEK-2 bacterial fully automatic identification analyser, and the results were interpreted according to the CLSI 2014 edition. The quality control strains were Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, Staphylococcus aureus ATCC 29213, and Enterococcus faecalis ATCC 29212, all of which were purchased from the Clinical Inspection Centre of the Ministry of Health. The culture mediums were Columbia Blood Plate and Shap Paul Plate, and the Candida Comacia chromogenic medium was the product of Berrett Biotechnology (Zhengzhou) Limited Liability Company.
4) Maternal pregnancy outcome: preterm delivery, preterm delivery <34 weeks, mode of delivery, amniotic fluid properties, duration of the first stage of labor, post-partum hemorrhage, gestational diabetes mellitus, precipitous delivery, gestational hypertension, oligohydramnios, polyhydramnios, placental adhesions, placenta implantation, cervical insufficiency, placenta previa, placental abruptio placenta, puerperal infections, chorionic villus amnio amnionitis;
5) Neonatal outcome: Apgar score, neonatal hyperbilirubinemia, less than gestational age neonates, neonatal asphyxia, and NICU admission.
Statistical analysis
R software (4.1.1) was used for the analysis, and the normality test was performed on the measurement data, with the mean ± standard deviation, expressed as X ± SD, for data that met the normal distribution. Independent samples t-test was used to compare the differences between the two groups. Non-normally distributed data were taken as non-parametric rank sum test. Count data were described by frequency (percentage), and differences between groups were compared using the chi-square test or Fisher’s exact test. Logistic regression models were used to correct for confounding factors such as age, cervical secretion cultures, and gestational diabetes mellitus, and ratios and 95% confidence intervals (CIs) were calculated. The predictive efficacy of cervical secretion cultureswas evaluated using receiver operating characteristic curve (ROC), area under the curve (AUC) and the integrated discrimination improvement (IDI). p < 0.05 was statistically different.
RESULTS
Subgroup comparisons based on the results of cervical secretion cultures
A total of 7,727 pregnant women with PROM were included in the study (Figure 1), of whom 1812 had positive cervical secretion cultures. Baseline characteristics of study participants are summarized in Table 1. The average age of pregnant women at delivery was 28 years. There was no statistical difference between the groups in terms of maternal education, number of pregnancies and births, previous history of preterm labor, and pre-pregnancy BMI (p > 0.05). WBC, NE and CRP counts were significantly higher in the mycoplasma-, bacteria-, fungal- and chlamydia-positive groups, compared to the infection-negative group (p < 0.05). In terms of maternal pregnancy outcome, there was no significant difference in the incidence of complicated gestational diabetes mellitus, oligohydramnios, placenta previa, gestational diabetes mellitus, and post-partum hemorrhage (Table 1, p > 0.05). However, there was a statistically significant difference between the groups in the volume of post-partum hemorrhage (mL), the number of preterm deliveries at < 34 weeks, the mode of delivery, the amniotic fluid degree II-III turbidity, gestational hypertension, complicated puerperal infections, and chorionic amnio-amnionitis (Table 1, p < 0.05). Stratifying the gestational weeks of delivery revealed statistically significant intergroup association between cervical culture results and the rate of difficult miscarriages and deliveries at full-term.
TABLE 1 | Clinical Baseline and Maternal Pregnancy Outcomes based on the Cervical Secretion Culture results.
[image: Table 1]Mycoplasma and bacterial infections were associated with higher rate of preterm deliveries at < 34 w (3%, 3% VS. 1% in women with negative cultures, respectively), and concomitant chorionic amnioamnionitis (9%, 12%, respectively VS. 5% in the negative group). In terms of neonatal outcomes, there were no significant differences between the groups (p > 0.05) in the incidences of less than gestational age neonates, neonatal asphyxia, and Apgar scores, whereas the difference between the rates of neonatal hyperbilirubinemia in positive- and negative groups were statistically significant (p < 0.05). Cervical secretion cultures, positive for mycoplasma, bacteria, fungi, and chlamydia, were associated with higher rate of NICU admissions compared to the negative group (9%, 11%, 8%, 8% VS. 7%, respectively).
Comparison of maternal and neonatal outcomes based on the diagnosis of chorioamnionitis
Chorioamnionitis was detected in 413 of 7,727 pregnant women with premature rupture of membranes. The results are summarized in Table 2. There was no significant difference between the two groups in the maternal age at delivery, gestational week, educational level, previous history of preterm labor, pre-pregnancy BMI, and gestational diabetes mellitus (p > 0.05). In the chorioamnionitis group, the rates of complicated preterm delivery, maternal fever, postpartum hemorrhage, gestational hypertension, placental abruption, puerperal infection, neonatal hyperbilirubinemia, severe asphyxia of the newborn and admission to the NICU were higher than those of the control group (p < 0.05). According to the stratified analysis by gestational week of delivery, the incidence of preterm delivery at 34–36 weeks was significantly higher in the chorioamnionitis group than that in the control group (22% vs. 8%), WBC, NE and CRP counts were significantly higher than that in the control group, and the positive rate of cervical secretion cultures was significantly higher (34% vs. 23%). Mycoplasma and bacterial positivity were detected in 13% of all positive cultures, which was higher than that in the control group (8% and 6%, respectively), and the difference was statistically significant (p < 0.05).
TABLE 2 | Baseline data and Maternal-Child Pregnancy Outcome based on the diagnosis of Chorioamnionitis.
[image: Table 2]Since cervical secretion cultures results differed between the two groups, logistic regression models were then constructed to adjust for confounders and to assess their value in predicting chorioamnionitis. After screening confounders based on the results of univariate analysis and clinical significance, cervical secretion cultures results, age, maternal fever, NE, Fever (maternal temperature), pre-pregnancy BMI, GDM, CRP, and WBC were included in the models (Table 3). Positive cervical secretion cultures results, WBC, and CRP were significantly associated with the risk of chorionic amnionitis in all three models (p < 0.05). The inclusion of cervical secretion culture as unordered multicategorical data in the model yielded results consistent with the univariate analysis. Specifically, a positive culture for mycoplasma or bacterial pathogens in cervical secretions remained an independent risk factor for chorioamnionitis, while positive cultures for fungi or chlamydia were not statistically significant.
TABLE 3 | Odds ratio for chorioamnionitis, adjusted for cofounders.
[image: Table 3]Value of CRP, WBC, maternal fever and cervical secretion cultures for predicting chorioamnionitis
The efficacy of CRP, WBC, maternal fever and cervical secretion cultures results in predicting chorioamnionitis was examined using ROC curves with the gold standard of a confirmed diagnosis of chorioamnionitis by placental chorioamnionitis pathology.
The ROC curves were fitted according to the joint predictors, and the results showed that the AUC of the area under the curve of CRP, WBC, maternal fever and cervical secretion cultures results were 0.605 (95% CI 0.589-0.621), 0.626 (95% CI 0.611-0.641), 0.527 (95% CI 0.521-0.533) and 0.569 (95% CI 0.556-0.581), respectively. The joint predictors’ AUC was 0.687 (95% CI 0.673-0.701), and the predictive model IDI (Integrated Discrimination Improvement) was 0.0029, p-value: 0.338. (Table 4; Figure 2).
TABLE 4 | Concordance index for predicting chorioamnionitis.
[image: Table 4][image: Figure 2]FIGURE 2 | ROC curve for CRP, WBC, Cervical secretions culture and combination models.
DISCUSSION
There is a clear connection between reproductive tract infections and premature rupture of membranes. Pregnancy is prone to changes in the vaginal microecology, which in turn causes changes in the long-term resident flora, leading to upstream infections and PROM. Prolonged PROM in turn increases the chances of chorioamnionitis complication which are associated with poor neonatal prognosis (Verma et al., 2023) and long-lasting effects such as impaired neuropsychological development of offspring (Gervasi et al., 2023). Several studies have shown that positive cervical secretion cultures in pregnant women with premature rupture of membranes are associated with the development of chorioamnionitis (Saghafi et al., 2018; Thakur et al., 2021). We found that cervical secretion cultures, although easy to perform, has a low predictive efficacy and is only useful as the diagnostic modality.
We showed a positive cervical secretion cultures detection rate of 23.45% in our PROM cohort, with an incidence of chorioamnionitis of 5.3%, which is broadly in line with the incidence of 1%–13% previously reported in the literature (Gibbs and Duff, 1991; Tita and Andrews, 2010; Jefferies, 2017; Spénard et al., 2023). Risk assessment analysis in our study demonstrated that bacterial and Mycoplasma infections were significant risk factors for chorioamnionitis. This association remained consistent even after adjusting for confounding variables.
The incidence of chorioamnionitis is increased in the presence of positive cervical secretion cultures and is associated with the development of puerperal infections and adverse pregnancy outcomes such as neonatal asphyxia and NICU admission. Chorioamnionitis complicated by fetal systemic inflammatory response syndrome is manifested by increased incidence of fetal intrauterine distress and neonatal asphyxia, as well as neonatal neurodevelopmental and chronic respiratory disorders. Some studies suggest that active prevention and treatment of chorioamnionitis may reduce the risk of intrauterine fetal infection and maternal puerperal infection (Sgayer et al., 2023).
WBC and CRP are commonly used in clinical practice as indicators of inflammation in response to local or systemic reactions. These indexes have high sensitivity and are mostly used to assess non-specific inflammatory states. Previous studies reported the use of WBC and CRP to predict unfilled chorioamnionitis (Galletta et al., 2023; Kong et al., 2023). In the present study, WBC and CRP were used as reference standards for the prediction of chorioamnionitis. Our results indicated that cervical secretion cultures had lower predictive value than WBC and CRP. This may be related to the presence of colonizing bacteria at the cervical opening, and suggests that the mechanism of chorioamnionitis is more complex than expected. Brandie DePaoli Taylor et al. found that gonococcal infection was directly associated with poor neonatal prognosis, and that subclinical intrauterine infections and localized inflammatory reactions in the fetal membranes near the cervical os may be the main cause of chorioamnionitis (Taylor et al., 2023). In another study, Stepanovich, Gretchen E et al. found that the impact of chorioamnionitis on the prognosis of newborns is linked to the local immune response (Stepanovich et al., 2023). In addition, it is important to keep in mind the ability of the placenta to clear inflammatory response factors and to maintain local immune balance homeostasis (Mir et al., 2023). Moreover, the analysis of the cervical specimen may be influenced by the amount of amniotic fluid flow. Therefore, a positive result does not necessary indicate the upstream infection with resident vaginal microorganisms. Alternatively, it may indicate an intrauterine infection in which the bacteria reside in the cervix as the amniotic fluid flows out. Similarly, culture results may be negative because of the early stage of bacterial infection or because of bacterial species that are difficult to culture (Berezowsky et al., 2022).
Li, et al. (Li et al., 2022) sequenced vaginal and cervical secretions from women with normal full-term pregnancy, clinical chorioamnionitis and histological chorioamnionitis, respectively, and showed that these groups had similar cervical microbiological results. Germano, et al., on the other hand, found that vaginal colonisation with Mycoplasma and Mycoplasma Ureaplasma during pregnancy was associated with poor neonatal outcome, whereas there was no significant difference in neonatal outcomes in women with Candida infection (Germano et al., 2022). This also highlights the limited value of cervical secretion culture results alone in predicting chorioamnionitis. A wide range of bacteria are naturally colonizing both infected and non-infected cervical surfaces. There may be unique microbiological profiles of bacteria in the membranes following the initiation of labor or PROM, and additional methods of greater sensitivity and specificity may be required to identify the pathogens responsible for amniotic cavity infections to assist in the development of a targeted therapeutic strategy (Sayres et al., 2023).
Bacterial culture of amniotic fluid, taken by amniocentesis in patients with clinically diagnosed chorioamnionitis, and vaginal secretion testing revealed homologous bacterial profiles that predominantly contained Mycoplasma, Escherichia coli, and Lactobacillus (Romero et al., 2019), which is consistent with the predominance of Mycoplasma and bacteria in the culture of cervical secretions in the present study. Vaginal upstream infection is an important route of infection in chorioamnionitis. However, vaginal microecology tests were not done in our study. Therefore, there is a possibility that vaginal bacteria may have influenced the culture results. In addition to genital tract epithelial infections, mother-to-child vertical infections such as rubella virus and cytomegalovirus may be transferred to the fetus via the placenta. Additionally, recent studies reported a presence of pathogenic bacteria associated with periodontal disease in amniotic fluid (Miranda-Rius et al., 2023), suggesting that hematogenous dissemination may also be an etiological factor leading to chorioamnionitis. This partly explains the limitations of the method of bacterial culture using only cervical secretions, which does not cover all causes of localized placenta-placenta inflammation.
PROM is a syndrome of multiple etiologies and pathways. The leading causes of rupture of membranes, other than infection, may vary from gestational week to gestational week. In mid-gestation or during very early preterm labor, the cause of rupture of membranes may be related to cervical insufficiency, whereas in mid to late preterm labor it may be related to untreated chronic infections. In full-term pregnancies rupture of membranes may be related to an increase in pressure in the amniotic cavity, e.g., in twin pregnancies, excess amniotic fluid, placenta previa, and hypertension in pregnancy. Therefore, clinical decision-making for PROM should not just consider gestational week and infection, but also take into account etiology and comorbidities. This study was a study of singleton PROM pregnancies, not stratified according to complications. Pregnant women with clinically typical chorioamnionitis and multiple births were excluded. Therefore, based on the results of cervical secretion cultures we were able to predict tissue chorioamnionitis at the level of infection of the reproductive tract, while it was not possible to predict placenta-derived complications due to non-infectious factors, such as failure of physiological transformation of the spiral arteries of the myometrium, as well as vertical transmission leading to placenta infections and inflammatory reactions. A mean gestational age of study participants was 39 weeks, with only few women who were not full term. Women were not stratified according to the gestational week of rupture, and only the results of a single culture of cervical secretion was included in the analysis for women who were not full term. This may also explain the poor performance and has limited value of cervical secretion culture in predicting the occurrence of chorioamnionitis in women with PROM and the under-term pregnancy.
Considering the high cost of a single cervical secretion culture, its limited performance in predicting chorioamnionitis, the average time to culture results (2–5 days), a need for regular monitoring of peripheral blood inflammation indicators, and a little significance of the test in clinical decision-making for the management of PROM, we suggest that the test may only be used as an optional method in economically developed areas.
There are some limitations for this study. This is a single-center retrospective cohort study. Only the vaginal route of infection was analyzed, the sampling time of cervical secretion specimens was not standardized, and the vaginal secretions were not sampled for culture at the same time. Additionbally, no stratification of gestational weeks, complications, and PROM in the first trimester of pregnancy was done. The neonatal outcomes lacked long-term observational indicators such as the postnatal period of 14 days and neurodevelopmental indicators for follow up. A multi-centre, prospective cohort study is needed to add other simple inflammatory indicators for clinical prediction of chorioamnionitis in order to guide clinical therapeutic decisions.
CONCLUSION
Positive cervical secretion cultures, especially for mycoplasma and bacteria, are associated with higher rate of adverse maternal and fetal outcomes but are not good predictors of chorioamnionitis. Further predictive models that incorporate peripheral blood and other indicators are needed.
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