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Research article 

Association between labor epidural analgesia and gut microbiota: 
A prospective cohort study 
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Bing Han c, Ke Peng a,b,*, Fu-hai Ji a,b,** 
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b Institute of Anesthesiology, Soochow University, Suzhou, Jiangsu, China 
c Department of Obstetrics and Gynecology, The First Affiliated Hospital of Soochow University, Suzhou, China 
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e Suzhou Medical College of Soochow University, Suzhou, Jiangsu, China   

A R T I C L E  I N F O   

Keywords: 
Labor epidural analgesia 
Gut microbiota 
Parturient 
Neonate 

A B S T R A C T   

Background: Labor epidural analgesia (LEA) may influence gut microbiota. We explored the as-
sociation between LEA and gut microbiota for both mothers and their newborns. 
Methods: In this prospective cohort study, parturients aged 25–35 years with a gestational age of 
37–42 weeks and planned vaginal delivery were recruited. Twenty-one parturients received LEA 
(the LEA group), and 24 did not (the control group). Maternal and neonatal fecal samples were 
collected, and the gut microbiota profiles were analyzed using the 16S rRNA gene sequencing. 
The impact of LEA on gut microbiota was assessed using the general liner models. 
Results: We showcased the gut microbiota profile from the phyla to species levels based on data on 
45 mother-newborn dyads. The results of α- and β-diversity suggested significant changes in gut 
microbiota between the LEA and control groups. After adjusting for baseline confounders, the 
administration of LEA had positive correlations with R. ilealis (β = 91.87, adjusted P = 0.007) in 
mothers; LEA also had negative correlations with A. pittii (β = − 449.36, adjusted P = 0.015), 
P. aeruginosa (β = − 192.55, adjusted P = 0.008), or S. maltophilia (β = − 142.62, adjusted P =
0.001) in mothers, and with Muribaculaceae (β = − 2702.77, adjusted P = 0.003) in neonates. 
Conclusion: LEA was associated with changes in maternal and neonatal gut microbiota, and future 
studies are still required to assess their impact on clinical outcomes and explore the mechanisms.   

1. Introduction 

As the largest microecosystem in human body, the gut is closely related to the health [1]. In recent years, the role of gut microbiota 
during the perinatal period has become a research spotlight. From the first trimester to the third trimester, the richness of maternal gut 
microbiota decreased and the diversity increased [2]. In the third trimester period, a study revealed that the top four most abundant 
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phyla were Bacillota, Bacteroidota, Pseudomonadota, and Actinomycetota, and the abundant genera were Prevotella, Faecalibacterium, 
and unclassified Lachnospiraceae and Ruminococcaceae [3]. It was reported that the dysbiosis of gut microbiota could lead to adverse 
pregnancy outcomes, such as preterm birth, eclampsia, and postpartum hemorrhage [4,5]. For term neonates, the composition of gut 
microbiota mainly include the phyla Pseudomonadota, Actinomycetota, Bacillota, Bacteroidota and the genera Escherichia, Bifidobacte-
rium, Clostridium, Lactobacillus, Bacteroides, Prevotella [6]. Gut microbiota plays a critical role in infant growth [7,8]. 

Many maternal exposures can affect maternal and neonatal gut microbiome [9]. Several studies showed that probiotic preparations 
led to continuous colonization of probiotics, while the differences in relative abundance disappear after cessation of supplementation 
[9]. Some studies found that emotions of pregnant women (e.g., stress, anxiety, and depression) reduced the diversity of neonatal gut 
microbiota, especially the decrease in the abundance of s_dentium, s_longum, and s_Streptococcus_salivarius [10]. Additionally, prenatal 
inflammatory led to changes in the abundance of c_Clostridia and f_Ruminococcaceae [11,12]. The use of antibiotic was associated with 
a relative reduction in the diversity of the neonatal microbiota [9]. Mitchell et al. found that delivery mode was a significant influ-
encing factor for infant gut microbiota [13]. A proof-of-concept study showed the effects of fecal microbiota transplantation on mi-
crobial composition of infants delivered by cesarean section [14]. 

Labor epidural analgesia (LEA) is a widely-used technique for labor pain control. With the increase of LEA rate, its effects on 
mothers and babies have attracted people’s attention. A meta-analysis showed that LEA can effectively relieve pain and improve 
maternal satisfaction, but it also had an increased risk of some complications such as assisted vaginal delivery and maternal fever [15]. 
However, some studies concluded that LEA did not increase the risk of mothers and neonates [16,17]. At present, LEA has a relatively 
positive effect, and the adverse events are mild and temporary [18]. 

LEA is also a kind of maternal exposure that can reduce stress for several hours. Recently, a study revealed that subarachnoid block 
with lidocaine could affect the gut microbiota to play a protective role in mice with colitis [19]. However, the impact of LEA on 
maternal-neonatal gut microbiota is unclear. Therefore, we designed this prospective cohort study to investigate the effects of LEA 
administration on maternal and neonatal gut microbiota. 

2. Methods 

2.1. Ethics and study design 

This prospective cohort study was conducted at a tertiary hospital in Suzhou, China. The study protocol was approved by the Ethics 
Committee of the First Affiliated Hospital of Soochow University (Approval No. 2022–030). This study was conducted following the 
Declaration of Helsinki. All parturients provided their written informed consent. 

2.2. Participants 

To be included in this study, the following inclusion criteria should be met: (1) aged between 25 and 35 years; (2) natural conceived 
with a gestational age between 37 and 42 weeks; (3) singleton pregnancy with an expected birth weight of 2500–4000 g; (4) planned 
vaginal delivery; and (5) the habitual residence of Suzhou. The exclusion criteria included (1) using antibiotics or microecological 
preparations (e.g., probiotics, prebiotics, and synbiotics) within antepartum 3 months; (2) diabetes, immune disease, infectious dis-
ease, or digestive disease; (3) premature rupture of membranes; (4) history of anxiety or depressive disorders; or (5) declined to 
participate. The dropout criteria were as follows: (1) conversion to cesarean section, (2) withdrawal of consent, (3) intrapartum use of 
antibiotics, or (4) research stuff unavailable. 

Upon parturients entered the delivery room for natural delivery, a researcher screened them for eligibility. Then, they signed the 
written informed consent and chose whether or not to receive LEA. The use of LEA was based on the parturients’ decision. Thus, 
parturients who did not receive LEA were included in the group C, while those who received LEA were included in the group E, with 
their newborns in the group C1 and group E1 respectively. Additionally, pudendal nerve block is routinely performed in labor 
analgesia at our institution. 

2.3. Data collection 

Participants’ clinical characteristics were collected from the electronic medical records and self-report questionnaires (Supple-
mental file 1), including demographics (i.e., age, gestational age, body mass index [BMI], parity, smoking status, diet over the past 
week, preoperative blood pressure, and prenatal stress and anxiety), labor data (i.e., highest temperature, use of oxytocin, duration of 
labor, intensity of pain, blood loss, and blood pressure), postpartum data (i.e., total blood loss, 2-h blood pressure, length of hospital 
stay, postpartum depression [PPD]), and neonatal data (i.e., fetal position, cord around neck, sex, weight, Apgar score, umbilical cord 
arterial blood pH, and Jaundice). 

Diet (vegan diet, fermented vegetables, fried foods, and alcohol) over the past week, which was associated with gut microbiota [20, 
21] was collected via yes-or-no questions. Prenatal stress was evaluated using the 36-item Pregnancy Stress Rating Scale (PSRS36). The 
PRPS36 is a comprehensive self-report questionnaire with each item ranging from 0 to 4 (0 = none and 4 = very severe), and a higher 
score indicates a higher level of stress [22]. Anxiety was assessed using the Pregnancy Related Anxiety Questionnaire-Revised 
(PRAQ-R). The PRAQ-R is a 4-point Likert-type scale with 10 items (1 = not at all and 4 = very much in items 1–5; 1 = never and 
4 = all of the time in items 6–10), and a higher score indicates a higher level of anxiety [23]. Intensity of pain was assessed using the 
numerical rating scale (NRS) (a total score of 0–10; 0 = no pain and 10 = the most severe pain). PPD was detected using the 10-item 
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Edinburgh Postnatal Depression Scale (EPDS), with each item ranging from 0 to 3 and a cut-off score of 10 in the Chinese version [24]. 
To ensure the effectiveness, a research assistant gave explanations to help participants complete the questionnaires. 

All parturients defecated immediately or shortly after delivery, and their fecal samples (~5 g each) were collected. The neonatal 
first meconium samples (~5 g each) were collected by the midwives within the first few hours of birth. The samples were stored using 
sterile containers with cryoprotectant in a − 80 ◦C freezer before DNA extraction. 

2.4. DNA extraction and amplification 

Microbial DNA was extracted using the cetyltrimethylammonium bromide (CTAB) method. In brief, thawed samples were 
centrifuged, mixed with 1 mL CTAB and 20 μL lysozyme, and then completely lysed in a 65 ◦C water bath for 2 h. The supernatant (950 
μL) was obtained after centrifugation, and mixed with the same volume of phenol (pH 8.0): chloroform: isoamyl alcohol (V25:24:1), 
followed by re-centrifugation at 12,000 rpm for 10 min. The chloroform: isoamyl alcohol (V24:1) was added into the supernatant and 
then re-centrifuged. The supernatant was mixed in isopropanol and precipitated at − 20 ◦C. After centrifugation, the precipitates were 
washed twice with 1 mL 75 % ethanol. The dried DNA sample was dissolved with 51 μL ddH2O and treated with 1 μL RNase A for 
incubation at 37 ◦C for 15 min. The DNA concentration and purity was assessed using 1 % agarose gels. The DNA sample was diluted 
with sterile water to a final concentration of 1 ng/μL. 

The 16S rRNA gene V4 region was amplified by the polymerase chain reaction (PCR) with primers 515-F 
(GTGCCAGCMGCCGCGGTAA) and 806-R (GGACTACHVGGGTWTCTAAT). The PCR reactions were carried out with 15 μL of Phu-
sion® High-Fidelity PCR Master Mix (New England Biolabs), 2 μM of forward and reverse primers, and 10 ng template DNA. Thermal 
cycling consisted of an initial denaturation at 98 ◦C for 1 min, 30 cycles of denaturation at 98 ◦C for 10 s, annealing at 50 ◦C for 30 s, 
elongation at 72 ◦C for 30 s, and a final extension at 72 ◦C for 5 min. The PCR products were mixed with the same volume of 1X loading 
buffer (contained SYB green), followed by electrophoresis on 2 % agarose gel. The PCR mixture was purified with the Qiagen Gel 
Extraction Kit (Qiagen, Germany). During the PCR process, a negative control was used to control for contamination. 

2.5. Sequencing processing 

Sequencing libraries were generated using the TruSeq®DNA PCR-Free Sample Preparation Kit (Illumina, USA) following the 
manufacturer’s instructions. After quality assessment, sequencing was performed on the Illumina NovaSeq platform, and 250 bp 
paired-end reads were generated. The barcode and primer sequences were removed, and the clean reads were obtained by the fastp 
(v0.22.0, https://github.com/OpenGene/fastp) and FLASH (v1.2.11, http://ccb.jhu.edu/software/FLASH/). The VSEARCH (v2.22.1, 
https://github.com/torognes/vsearch/) was used to detect and remove chimera sequences [25]. Finally, the effective tags were ob-
tained. The filter level was operational taxonomic units (OTUs) with less than 2 tags in all samples [26]. 

2.6. OTU clusters and species annotation 

The OTUs with ≥97 % similarity were clustered by the Uparse algorithm (USEARCH v7, http://drive5.com/uparse/) [27]. The 
representative sequence for each OTU was screened for species annotation in the Silva Database (http://www.arb-silva.de/) based on 
the Mothur algorithm [28]. The MAFFT (v7.520, https://mafft.cbrc.jp/alignment/software/) was used for multiple sequence align-
ment to construct phylogenetic relationships [29]. OTUs abundance information was normalized for a subsequent analysis by a 
standard of sequence number corresponding to the sample with the least sequences. 

2.7. Statistical analysis 

For the clinical characteristics, continuous variables were presented as mean ± SD or median (IQR) and analyzed using the t-test or 
Mann-Whitney U test according to the distribution, while categorical variables were expressed as number (%) and analyzed using the 
χ2 test or Fisher’s exact test. 

For the microbiota data, rationality of sequencing depth was tested by the rarefaction curve [30]. The rarefaction curve directly 
reflects the sample size of data sequenced and indirectly reflects the richness of species. When the curve tends to be flat, the amount of 
sequencing data is gradually reasonable, and more samples will only detect a few new species. The α-diversity indices (i.e., Chao 1 and 
Shannon) were analyzed by the Mann-Whitney U test. A higher value of Chao 1 represents a higher richness of the community, and a 
higher value of Shannon reflects a higher diversity of the community. The unweighted-unifrac distance values were converted and 
visualized by the principal coordinates analysis (PCoA) to show β-diversity, and the two groups were compared using the permuta-
tional multivariate analysis of variance (PERMANOVA) [31]. 

Then, the linear discriminant analysis (LDA) effect size (LEfSe) and Metastats were used to distinguish compositions within groups 
respectively. The LDA threshold was set to 4.0, with a larger score indicating a greater effect of statistical difference. The common 
differential bacteria of the two methods were used in further analyses. Based on the common differential bacteria, Spearman analysis 
was used to analyze the correlation between these bacteria and clinical factors (age, BMI, parity, PSRS36 scores, and PRAQ-R scores) 
[9,32–34] as well as intrapartum variables (highest temperature and duration of labor). Finally, a multivariable analysis of general 
liner model (GLM) was used to analyze the effect of LEA on gut microbiota with adjustment for possible confounders. The GLM β value 
indicates the changes in microbiota abundance by LEA. 

A two-sided P < 0.05 indicates a statistical significance. Multiple comparisons in GLM were corrected using the 
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Benjamini–Hochberg false discovery rate (FDR, with a threshold of adjusted P < 0.05). All data were analyzed using the R software 
(v4.2.2, www.R-project.org/) and the SPSS software (v26.0, IBM). 

3. Results 

3.1. Baseline and clinical characteristics 

From March 7, 2022 to December 30, 2022, we initially screened 210 parturients (Fig. 1). Of them, 158 parturients were excluded, 
and 52 were enrolled in this study. Subsequently, 7 parturients were excluded due to conversion to cesarean section (n = 3), withdrew 
consent (n = 2), and research stuff unavailable (n = 2). No parturients were excluded due to intrapartum use of antibiotics. Finally, 45 
pairs of parturients and neonates were included and analyzed (n = 24 in the group C/C1 and n = 21 in the group E/E1). 

The maternal characteristics are shown in Table 1. The age of parturients was 29.8 ± 3.3 years in the group C vs. 27.6 ± 2.8 years in 
the group E (P = 0.018). The gestational age was 279 (273.5, 284) and 278 (273.5, 282) days in the group C and group E, respectively. 
Eight of 24 (33.3 %) parturients were nulliparas in the group C, while 17 of 21 (81 %) were nulliparas in the group E (P = 0.001). The 
participants in the group E had higher PSRS36 scores than those in the group C (P = 0.007), while the two groups had similar PRAQ-R 
scores. The group E had a longer duration of labor in stage 1 (P = 0.010) and stage 2 (P = 0.005). The highest NRS pain scores were 
significantly lower in the group E compared to the group C (median [IQR], 2 [2, 3] vs. 9.5 [8, 10]; P < 0.001). One patient in the group 
C and 2 patients in the group E showed PPD at 6 postpartum weeks, and no patients had PPD at 6 months. 

The two groups were comparable in terms of the neonatal characteristics (Table 1). Only one newborn baby had 1-min Apgar score 
of 9. All neonates had an Apgar score of 10 at 5 min. The umbilical cord arterial blood pH value was 7.27 ± 0.11 and 7.25 ± 0.08 in the 
group C1 and group E1, respectively. Four newborns (16.7 %) in the group C1 and 8 (38.1 %) in the group E1 developed neonatal 
jaundice, without a significant between-group difference. 

3.2. Gut microbial diversity 

After data trimming and quality filtering, 4719 OTUs in the maternal samples and 4793 in the neonatal samples (Supplemental 
data 1) were delineated. The sequencing depth was reasonable according to the rarefaction curve (Fig. S1, Supplemental data 2). The 
stacked bar charts showed the top 10 dominant bacteria from the phylum level to species level of the two groups and among individual 
samples (Fig. S2). 

The values of α-diversity indices, including Chao 1 and Shannon, are shown in Table 2. The parturients in the group C had 
significantly higher values of Chao 1 (P = 0.007) and Shannon (P = 0.026) compared with the group E, while the neonates of the two 
groups had similar α-diversity values. Fig. 2 shows the β-diversity based on the converted unweighted-unifrac distance values (the 
initial values available in supplemental data 3). Furthermore, according to the results of PERMANOVA, there was a significant shift in 

Fig. 1. Study flow chart.  
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Table 1 
Maternal and neonatal characteristics.  

Variables Group C/C1 (n = 24) Group E/E1 (n = 21) P value 

Maternal baseline 
Age, y 29.8 ± 3.3 27.6 ± 2.8 0.018 
BMI, kg/m2 26.3 ± 2.9 27.6 ± 2.6 0.102 
Gestational age, d 279 (273.5, 284) 278 (273.5, 282) 0.546 
Parity 

Nulliparas 8 (33.3 %) 17 (81 %) 0.001 
Multiparas 16 (66.7 %) 4 (19 %) 

History of smoking 0 0 1.000 
Diet over the past week 

Vegan diet 0 0 1.000 
Fermented vegetables 12 (50 %) 6 (28.6 %) 0.143 
Fried foods 2 (8.3 %) 1 (4.8 %) 1.000 
Alcohol 4 (16.7 %) 1 (4.8 %) 0.428 

Preoperative SBP, mmHg 115.13 ± 10.69 119.19 ± 11.06 0.217 
Preoperative DBP, mmHg 72.29 ± 7.50 74.1 ± 5.81 0.378 
PSRS36 scores 11 (0, 22.25) 23 (10.5, 41) 0.007 
PRAQ-R scores 15 (10, 20) 16 (12.5, 22.5) 0.186 
Intrapartum 
Use of Oxytocin 11 (45.8 %) 14 (66.7 %) 0.161 
Highest temperature, ◦C 37 (36.9, 37.2) 37.2 (37.1, 37.3) 0.001 
Duration of labor, min 

Stage 1 305 (232.5, 360) 420 (292.5, 540) 0.010 
Stage 2 23.5 (10, 45.8) 50 (30, 88) 0.005 
Stage 3 5 (3.3, 7.8) 5 (4, 7) 0.662 

Highest NRS pain scores 9.5 (8, 10) 2 (2, 3) <0.001 
Blood loss, ml 155 (120, 237.5) 200 (100, 225) 0.737 
SBP, mmHg 120 (112.25, 122.75) 113 (111.5, 121.5) 0.304 
DBP, mmHg 70 (65, 75) 69 (64, 73.5) 0.359 
Postpartum 
Total blood loss, ml 200 (167.5, 227.5) 240 (140, 285) 0.837 
2-h SBP, mmHg 116 ± 7.05 117.1 ± 7.96 0.627 
2-h DBP, mmHg 70.21 ± 5.07 68.95 ± 6.56 0.474 
Length of hospital stay 3 (3, 4) 3 (3, 4) 0.563 
6-week EPDS scores 2 (0, 5) 4 (0.5, 5.5) 0.283 
6-week PPDa 1 (4.2 %) 2 (9.5 %) 0.472 
6-month EPDS scores 0 (0, 1.75) 0 (0, 1) 0.968 
6-month PPDa 0 0 1.000 
Neonatal characteristics 
Fetal position, LOA 24 (100 %) 21 (100 %) 1.000 
Cord around neck 5 (20.8 %) 6 (28.6 %) 0.547 
Sex 

Male 13 (54.2 %) 13 (61.9 %) 0.600 
Female 11 (45.8 %) 8 (38.1 %) 

Birth weight, g 3427.1 ± 346.4 3311.9 ± 298.7 0.242 
1-min Apgar scores 9.95 ± 0.22 10 0.329 
5-min Apgar scores 10 10 1.000 
Umbilical cord arterial blood pH 7.27 ± 0.11 7.25 ± 0.08 0.464 
Jaundice 4 (16.7 %) 8 (38.1 %) 0.105 

Data are mean ± SD, median (IQR), n (%). 
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; PSRS36, 36-item pregnancy stress rating scale; PRAQ-R, pregnancy 
related anxiety questionnaire-revised; NRS, numerical rating scale; EDPS, Edinburgh postnatal depression scale; PPD, postpartum depression; LOA, 
left occiput anterior. 

a Defined as EPDS score ≥10. 

Table 2 
α-diversity values of two groups.  

Variables Group C (n = 24) Group E (n = 21) P value 

Maternal 
Chao1 1364.10 (1180.01, 1614.04) 989.05 (775.36, 1399.48) 0.007 
Shannon 4.07 (3.65, 5.65) 3.79 (2.88, 4.37) 0.026 
Neonatal 
Chao1 1197.31 (930.87, 1329.58) 1039.72 (861.40, 1319.21) 0.539 
Shannon 6.45 (5.08, 6.87) 5.98 (5.14, 6.53) 0.387  
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both mothers (P = 0.026, R2 = 0.059; Fig. 2a) and neonates (P = 0.01, R2 = 0.059; Fig. 2b). 

3.3. Differential bacteria analysis 

The results of LEfSe distinguished taxa from the levels of phylum to species between the groups (Table S1). Considering that LEfSe is 
testing at multiple levels and a difference at one level can bleed to others, we applied Metastats for testing at different levels to reduce 
this effect (Tables S2 and S3). There are 9 common differential bacteria between the LEfSe and Metastats results. Among those, 
g_unidentified_Clostridia;s_metagenome was excluded from further analysis due to unidentification. The maternal results showed that 
species Acinetobacter pittii, Pseudomonas aeruginosa, and Stenotrophomonas maltophilia were abundant in the group C, while the species 
Romboutsia ilealis were abundant in the group E. The neonatal results revealed that classes Bacilli and families Muribaculaceae and 
Lactobacillaceae, genus Lactobacillus were dominant in the group C1. 

3.4. Association between LEA and gut microbiota 

The correlations between different exposure factors (e.g., LEA, age, BMI, parity, PSRS36 scores, PRAQ-R scores, highest temper-
ature and duration of labor) and differential bacteria are shown in Fig. 3. In mothers (Fig. 3a), A. pittii, P. aeruginosa and S. maltophilia 
were positively correlated with age and parity (P < 0.05), and negatively correlated with the other factors (P < 0.05) except for labor 
stage 3; R. ilealis was positively correlated with LEA, highest temperature, labor stage 1 and stage 2 (P < 0.05), and negatively 
correlated with age and parity (P < 0.05). In neonates (Fig. 3b), all four bacteria (Bacilli, Lactobacillaceae, Muribaculaceae and 
Lactobacillus) had negative correlations with LEA, PSRS36 scores, PRAQ-R scores, highest temperature, stage 1 and stage 2 (P < 0.05), 
and a positive correlation with age (P < 0.05); moreover, Lactobacillaceae, Muribaculaceae and Lactobacillus had positive correlations 
with parity (P < 0.05). 

Table 3 shows the results of GLM adjusting for the above-mentioned confounders. The maternal results showed that LEA had a 
significantly positive correlation with R. ilealis (β = 91.87, P = 0.003, adjusted P = 0.007), and negative correlations with A. pittii (β =
− 449.36, P = 0.015, adjusted P = 0.015), P. aeruginosa (β = − 192.55, P = 0.006, adjusted P = 0.008), and S. maltophilia (β = − 142.62, 
P < 0.001, adjusted P = 0.001). Among those 4 bacteria, R. ilealis has been shown to be associated with a nutrient-rich environment 
[35], while the other three are opportunistic pathogens [36–38]. The neonatal results suggested negative correlations were found 
between LEA and f_Muribaculaceae (β = − 2702.77, P = 0.001, adjusted P = 0.003), which is considered to have anti-inflammatory 
effects [39]. 

Fig. 2. Visualization of β-diversity by PCoA. (a) Maternal gut microbiota. (b) Neonatal gut microbiota. The ellipses represent the 95 % confidence 
intervals, and the boxplot represents the distribution of two groups of samples on the PCoA1 axis. PCoA, principal coordinates analysis; C, control 
(maternal); E; epidural analgesia (maternal); C1, control (neonatal); E1; epidural analgesia (neonatal). 

J.-h. Hu et al.                                                                                                                                                                                                           



Heliyon 10 (2024) e29883

7

4. Discussion 

Our results showcased the composition of gut microbiota at different levels for both mothers and neonates. Compared with the 
control group, the parturients receiving LEA had a lower α-diversity values, a significantly higher abundance of R. ilealis and lower 
abundances of A. pittii, P. aeruginosa and S. maltophilia at the species level. The neonates in the LEA group had a lower abundance of the 
family Muribaculaceae. 

The α-diversity results indicated that the diversity and richness of gut microbiota in the group E were significantly lower than those 
in the group C. Nevertheless, the clinical implications of these differences may be difficult to interpret. A previous observational study 
showed that gestational diabetes, pre-obesity, and obesity were associated with lower α-diversity values [40], while Crusell et al. did 
not find such an association [41]. In addition, the changes in α-diversity with the progress of pregnancy were not consistent in recent 
studies [2,42,43]. In our study, although the richness and diversity of maternal microbiota decreased in parturients receiving LEA, the 
clinical outcomes were comparable between the two groups. The β-diversity analysis showed the between-group differences in 
compositions of gut microbiota, and then the differential analysis was conducted to detect the specific bacteria associated with LEA. 

According to the changes in maternal gut microbiota (increased R. ilealis and reduced A. pittii, P. aeruginosa and S. maltophilia), the 
parturients may benefit from LEA. R. ilealis was an obligately anaerobic bacterium and firstly isolated from the rat digestive system in 
2014 [44]. Researchers revealed that R. ilealis CRIBT utilized carbohydrates through different and partially redundant pathways to 
adapt to the small intestine [35]. Rodrigues et al. performed a study on both type-2-diabetes-like mice and humans to show that 

Fig. 3. The correlations between clinical characteristics and differential bacteria. (a) Maternal gut microbiota. (b) Neonatal gut microbiota. Blue 
color represents a positive correlation, red color represents a negative correlation, and darkness is in line with the degree of corrlation. Numbers are 
the values of correlation coefficients. Green boxes highlight the coefficients and statistical significance for the corrlations. LEA, labor epidural 
analgesia; BMI, body mass index. *P < 0.05, **P < 0.05, ***P < 0.001. (For interpretation of the references to color in this figure legend, the reader 
is referred to the Web version of this article.) 

Table 3 
Relation between LEA and gut microbiota using GLM.  

Taxonomy LEA 

В value P value Adjusted P value 

Maternal 
s__Acinetobacter_pittii − 449.36 0.015 0.015 
s__Pseudomonas_aeruginosa − 192.55 0.006 0.008 
s__Romboutsia_ilealis 91.87 0.003 0.007 
s__Stenotrophomonas_maltophilia − 142.62 <0.001 0.001 
Neonatal 
c__Bacilli − 2928.31 0.067 0.134 
f__Lactobacillaceae − 1505.12 0.110 0.146 
f__Muribaculaceae − 2702.77 0.001 0.003 
g__Lactobacillus − 908.16 0.341 0.341 

LEA, labour epidural analgesia; GLM, multivariable analysis of general liner model; p, phylum; c, class; o, order; f, family; g, genus; s, species. 
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R. ilealis was a possible pathogen associated with worsened glucose metabolism [45]. At present, however, studies on R. ilealis are still 
limited. The other three species A. pittii, P. aeruginosa and S. maltophilia are opportunistic pathogens, which could lead to 
antibiotic-tolerant bacterial infections [36–38]. A meta-analysis suggested that the estimated rate of maternal peripartum infection 
was almost 4 % [46]. Therefore, LEA might have a potential protective effect on parturients. 

The changes in neonatal gut microbiota (reduced Muribaculaceae) suggested that the newborns could be affected by LEA. Mur-
ibaculaceae, used to be called S24–7, has a functional diversity in the complex carbohydrates degradation [47]. Volk et al. found that 
the barrier function of the inner mucus layer depended on Muribaculacea to some extent in mouse model [48]. De et al. found that 
Muribaculacea was enriched in mice with colitis and involved in repair [49]. An observational study showed a significant enrichment 
of Muribaculaceae in infants with respiratory syncytial virus [50]. Up to date, the research on Muribaculaceae is still in progress. In our 
study, the effect of LEA on neonatal gut microbiota was not clear, and there were no adverse clinical outcomes. 

The brain-gut-microbiome axis has been confirmed by a vast of preclinical evidence, which reveals the interaction of the central 
nervous system and gut microbiome [51–53]. Stress can affect the intestinal homeostasis by this axis, including endocrine (the 
hypothalamic-pituitary-adrenal axis) and neural pathways (the sympathetic and parasympathetic nervous systems and enteric nervous 
system) [54–56]. The outcomes depend on the frequency, duration and intensity of exposure [57]. Researchers observed that a stress 
condition for 4–6 h led to the reduction of immunoglobulin A levels and the increase of inflammations in intestinal injury models [58, 
59]. Rodent and human studies implicated that maternal stressor exposure could affect the offspring gut microbiome [60]. Moreover, 
Yu et al. found that subarachnoid block with lidocaine was able to alleviate clinical symptoms in mice with colitis by regulating the gut 
microbiota [19]. Therefore, we inferred that labor pain led to persistent acute stress, and LEA can block the afferent stimulus and the 
efferent sympathetic nerve to reduce the stress response which ultimately affects maternal and neonatal gut microbiota. In addition, 
Loftus et al. found that a certain concentration of fentanyl or sufentanil could be measured in the maternal vein, umbilical artery and 
umbilical vein [61], so the delivery of anesthetics through the placental barrier to the fetus may also affect the gut microbiota. 

In addition, studies have shown the association between microbiota and pregnancy outcomes (such as intrapartum pyrexia, 
chorioamnionitis, and preterm labor). For instance, certain microorganisms like Fusobacterium species, Streptococcus thermophilus, 
and Bergeyella have been identified as potential causes of preterm labor and chorioamnionitis [62]. Notably, oral microbes such as 
Streptococcus agalactiae and Escherichia coli detected on placenta through 16S sequencing, and vaginal microbes like Lactobacillus 
jensenii, Prevotella bivia, Prevotella spp., A. vaginae, F. magna, and Aerococcus christensenii are associated with these complications 
[63,64]. 

As the first study on the association between LEA and gut microbiota, our study provides a novel insight into the effects of LEA on 
maternal and neonatal outcomes However, there are several limitations. First, we did not collect detailed data on maternal diet which 
may influence the baseline gut microbiota. Second, we did not collect prenatal samples of gut microbiota in the parturients, so we 
cannot compare these baseline microbiota data with that after delivery. Third, there is no indication that the changes seen in this study 
actually persist beyond day 0 in neonates as only the meconium microbiota was assessed. Fourth, the study of gut microbiota typically 
requires a minimum of 30 samples per group. Although the rarefaction curve suggests that current sample size seemed to be adequate, 
this is a single-center study with a small sample size. Fifth, there should be considerations for opioid consumption or an effect dose 
response in the future, such as increased microbiota changes with increasing use of LEA. Sixth, the OTU clustering is a typical method 
that has been widely used in many studies, so we used OUT method in our study. However, utilizing the amplicon sequence variant 
method would likely yield more accurate results. Finally, compared with absolute quantification, the relative abundance analysis 
based on 16S rRNA sequences was less sensitive to show the differences in gut microbiota. 

In conclusion, LEA was associated with changes in maternal and neonatal gut microbiota. For parturients receiving LEA, the 
abundance of opportunistic pathogens decreased, and R. ilealis abundance increased. The abundance of Muribaculaceae decreased in 
neonates whose mothers receiving LEA. In the future, it is necessary to verify our findings in a larger cohort and explore the mech-
anisms using multi-omics metabolism analysis. 
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