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Background

Varied congenital heart disease (CHD) may induce gut microbiota dysbiosis due to intestinal hypoperfusion or/and hypoxemia. Microbiota dysbiosis has been found in preoperative infants and cardiopulmonary bypass (CPB) exacerbated it further. However, the trajectory of gut microbiota from pre- to early post-CPB and one-year later remains unexplored. We examined this trajectory in the two most common CHDs, i.e., left-to-right shunt (ventricular septal defect, VSD) vs. right-to-left shunt (tetralogy of Fallot, TOF).





Methods

We enrolled 13 infants with VSD and 11 with TOF, and collected fecal samples at pre- and early post-CPB. 10 and 12 age- and gender-matched healthy control infants were enrolled respectively. We also enrolled 13 and 9 gender- and CHD diagnosis- and operation-matched one-year post-CPB patients, and 8 age- and gender-matched healthy control children. 16S rRNA sequencing of fecal samples were performed.





Results

Compared to the control groups, both VSD and TOF pre-CPB groups had significantly increased Enterobacteriaceae and Shigella, and decreased Bifidobacterium (Ps ≤ 0.049). No significant change in microbial community diversity was observed between pre- and early post-CPB periods (Ps≥0.227). Compared with early post-CPB, one-year post-CPB groups had significantly increased short-chain fatty acids-producing microbes (Ps ≤ 0.025), and their microbial communities were close to that of the control group (Ps≥0.102). There was no significant difference in microbial communities between VSD and TOF groups in any of 3 periods (Ps≥0.055).





Conclusion

In children with VSD or TOF, gut microbiota dysbiosis existed preoperatively and were not significantly altered by CPB. One-year post-CPB, microbiota significantly improved towards normal. Similar microbial communities were found between children with VSD and TOF throughout the perioperative and long-term postoperative periods.
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Introduction

In healthy conditions, gut microbiota has symbiotic interactions with the host, and the community is typically dominated by bacteria (Clemente et al., 2012; Hou et al., 2022). Intestinal bacteria serve diverse functions, such as food fermentation and defense against pathogens which underlines profound implications on human health (Hou et al., 2022). Disruption of gut microbiota has been found in the occurrence and progression of diseases, such as critical illness and malnutrition (Wijeyesekera et al., 2019; Patterson et al., 2022).

Patients with congenital heart disease (CHD) are at risk of intestinal barrier dysfunction and gut dysbiosis as a result of intestinal hypoperfusion caused by reduced systemic blood flow in the left to right shunt type or intestinal tissue hypoxia caused by hypoxemia in the right to left shunt type or both in more complex CHD (Feng et al., 2021). It has been found that disrupted microbiota existed preoperatively and difference exhibited between patients with mild and non-cyanotic CHD (e.g., ventricular septal defect, VSD) and those with severe and cyanotic CHD (e.g., tetralogy of Fallot (TOF), transposition of the great arteries, double outlet right ventricle, etc.) (Liu et al., 2022; Salomon et al., 2021; Huang et al., 2022; Xing et al., 2018). Studies showed that preoperative patients with these complex and cyanotic CHD had different microbial composition with decreased proportion of Lactobacilli compared to patients with non-cyanotic CHD (Xing et al., 2018) and that dysbacteriosis was related to inflammatory status and postoperative adverse outcomes (Huang et al., 2022). Gut microbiota in infants with left-to-right shunt CHD and heart failure was featured by increased pathogenic bacteria, such as Enterococcus and Shigella, while beneficial ones, such as Bifidobacterium, were decreased (Zhang et al., 2023).

Cardiopulmonary bypass (CPB) induces intense systemic inflammatory response, ischemia-reperfusion injury and impaired systemic hemodynamics. Thus, CPB may exacerbate intestinal barrier dysfunction and microbiota dysbiosis (Salomon et al., 2021), which inversely intensifies systemic inflammatory response (Feng et al., 2021; Salomon et al., 2021; Pathan et al., 2011). It has been found that the dysbiosis was deteriorated and fecal concentrations of eicosane compounds associated with pro-inflammatory signals were elevated after CPB (Salomon et al., 2021).

During the early years of life, gut microbiota shows strong association with the growth and development of children (Carlson et al., 2018; Tsukuda et al., 2021). We have previously reported that children with CHD remained underdeveloped even until 6 months after CPB (Shi et al., 2021). But the trajectory of gut microbiota from pre- to early and long term post-CPB remains unexplored. Therefore, characterizing their features may provide insights to understand the mechanisms of poor growth and development of children with CHD before and after CPB.

In this study, we selected more uniform and most common types of left to right shunt and right to left shunt CHD, that is, VSD and TOF, and examined the characteristic and trajectory of gut microbiota from pre- to early and long-term post-CPB periods. We hypothesized that disrupted gut microbiota would be characteristically different before CPB between VSD and TOF patients, and would be further exacerbated early after CPB. There would be gradual recovery by one year after CPB.





Materials and methods




Subjects and samples collection

The study was approved by the Research Ethics Committee of Guangzhou Women and Children’s Medical Center (NO.46201). Informed consents were obtained from the parents.

CHD groups. We enrolled infants with VSD (n=13, aged 3.7 ± 1.7 months) and TOF (n=11, aged 4.8 ± 2.4 months) who were scheduled for CPB from January 2021 to January 2022. The pre-CPB (VSD_Pre and TOF_Pre) and post-CPB (VSD_Post and TOF_Post) subjects were the same cohort with repeated samplings. During the same period, we also enrolled gender- and CHD diagnosis- and operation-matched groups of children at about 1 year post-CPB (VSD_FU and TOF_FU, n=13 and 9, aged 20.9 ± 4.4 months and 23.2 ± 4.3 months, respectively) (Figure 1). Exclusion criteria included gestational age<36 weeks (n=5), having gastrointestinal diseases (n=3), failure to obtain samples (n=3), and antibiotics or probiotics treatment within the past month (n=2) It should be mentioned that these patients routinely received prophylactic antibiotics prior to CPB.




Figure 1 | Enrollment process. CHD, congenital heart disease; Control_V, control group corresponding to ventricular septal defect; VSD_Pre, preoperative group with ventricular septal defect; VSD_Post, early postoperative group with ventricular septal defect; VSD_FU, one-year postoperative group with ventricular septal defect; Control_T, control group corresponding to tetralogy of Fallot; TOF_Pre, preoperative group with tetralogy of Fallot; TOF_Post, early postoperative group with tetralogy of Fallot; TOF_FU, one-year postoperative group with tetralogy of Fallot; Control_FU, control group corresponding to one-year postoperative groups.



Control groups. Since gut microbiota has been shown to have a distinctive temporal characteristic during the first year of life (Roswall et al., 2021; Yassour et al., 2016; de Muinck and Trosvik, 2018), we enrolled two separate control groups to match age with preoperative groups better, respectively. Healthy infants and children consulting in the outpatient clinic of the Department of Clinical Nutrition were screened and recruited, and were gender- and age-matched with pre-CPB (Control_V and Control_T, n=10 and 12, aged 3.5 ± 1.5 months and 5.3 ± 2.6 months, respectively) and 1 year post-CPB subjects (Control_FU, n=8, aged 24.0 ± 6.1 months) (Figure 1). Exclusion criteria included gestational age<36 weeks (n=3), having gastrointestinal diseases (n=3), antibiotics or probiotics treatment within the past month (n=3), and diagnosed with malnutrition (n=2) and milk allergy (n=3).

Fecal samples were obtained from diapers at the corresponding times described above and stored at -80°C within 2 hours.





Demographic and clinical data collection

Demographic data (including age, weight, gender, gestational age, delivery mode, and feeding mode) and clinical data (including prophylactic antibiotic use prior to CPB, durations of CPB, aortic cross-clamping, postoperative mechanical ventilation, CICU and hospital stay) were recorded.





16S rRNA sequencing and analysis

The 16S rRNA sequencing analysis was performed by Metabo-Profile Biotechnology (Shanghai, China) Co.,Ltd. Total genomic DNA was extracted using the Mag-Bind Soil DNA Kit (Omega Bio-Tek, USA). The 16S rRNA genes V3-V4 regions were amplified using primers 338F (ACTCCTACGGGAGGCAGCA) and 806R (GGACTACHVGGGTWTCTAAT). Amplicons were quantified using the Quant-iT PicoGreen dsDNA Assay Kit (Invitrogen, Carlsbad, CA, USA) and sequencing was performed using the Illlumina NovaSeq platform (Illumina, San Diego, California, USA).

Microbiome bioinformatics were performed with QIIME2 (version 2019.4). Sequences were quality filtered, denoised, merged and chimera removed using DADA2 plugin. Taxonomy was assigned to amplicon sequence variants (ASVs) using the Naive Bayes taxonomy classifier against the Greengenes Release 13.8 Database. Alpha diversity (Chao1 and Shannon indices) was calculated using the ASV table. Beta diversity was visualized via principal-coordinate analysis based on weighted UniFrac distance. Permutational multivariate analysis of variance assess the significance of differences in beta diversity between groups. The relative abundances of abundant microbiota at genus level were compared between two groups. If two groups were matched, matched samples t-test or Wilcoxon signed-rank were used to compare it based on whether the difference values were outliers, or not, and the normality of them. And if the groups were not matched, independent samples t-test or Mann-Whitney U test were used to compare it based on the normality of data and homogeneity of variances. When microbial diversity and the relative abundances of abundant genera were significantly different between two groups, Linear discriminant analysis effect size (LEfSe) was performed to identify the characteristic taxa between them further (linear discriminant analysis score2.0, P0.05).





Statistical analysis

Shapiro-Wilk test and Levene’s test were used to test the normality of data and homogeneity of variances. Normally distributed continuous variables were tested using independent samples t-test and presented as mean ± SD. Non-normally distributed continuous variables were presented as median (interquartile range) and tested using Mann-Whitney U test. The numbers and percentages were reported for categorical variables, and Fisher’s Exact test was used. The data were analyzed using SPSS version 20.0 (IBM, Armonk, USA). P-value0.05 was considered statistically significant.






Results




Demographic and clinical characteristics

All the patients had smooth recovery after CPB. There were no major complications. Prophylactic antibiotics cefazolin sodium was routinely administered prior to CPB. There were 7 and 8 patients of VSD_Post and TOF_Post groups, respectively, who were treated with ceftazidime due to suspected infection postoperatively before sampling.

There was no significant difference in demographics between Control_V and Control_T groups, between VSD_Pre and Control_V groups and between TOF_Pre and Control_T groups, except for infants in VSD_Pre group who some were primarily delivered vaginally compared to Control_V group (40.0% vs. 84.6%, P=0.039). Compared with VSD_Pre group, TOF_Pre group had higher weight (5.2±1.2 vs. 6.2±1.1kg, P=0.049). VSD_Pre and TOF_Pre groups samples were collected at 1.3±0.5 and 2.5±1.7 days prior to CPB (P=0.119) (Table 1).


Table 1 | Demographic and clinical data of preoperative groups and control groups.



The duration of CPB [75 (84-64) vs. 115 (126-96) min, P<0.001] and aortic cross-clamping [54 (61-42) vs. 66 (82-62) min, P=0.003], and hospital length of stay (9.9±2.2 vs. 14.0±3.2 days, P=0.001) were longer in TOF_Post group than in VSD_Post group. VSD_Post and TOF_Post groups samples were collected at 4.6±1.3 days and 6.0±2.0 days post-CPB (P=0.093) (Table 2).


Table 2 | Clinical data of early postoperative groups.



Compared with Control_FU group, VSD_FU group had lower weight (11.9±1.9 vs. 9.9±2.1 kg, P=0.040). No significant difference in demographic data was observed between Control_FU and TOF_FU groups, nor between VSD_FU and TOF_FU groups (Ps≥0.057). VSD_FU and TOF_FU groups samples were collected at 15.8 ± 4.6 months and 16.9 ± 4.0 months post-CPB (P=0.601) (Table 3).


Table 3 | Demographic and clinical data of long-term postoperative groups and control group.







Microbial characteristics before CPB, early and one-year post-CPB

Compared with Control_V and Control_T groups respectively, both VSD_Pre and TOF_Pre groups had significantly increased alpha diversity (Ps ≤0.019) (Figures 2A, B). There were significant differences in beta diversity between pre-CPB and corresponding control groups (Ps ≤0.010), respectively (Figures 2C, D). Both VSD_Pre and TOF_Pre groups showed a significantly decreased relative abundance of Bifidobacterium, and were enriched with Gammaproteobacteria, Enterobacteriaceae, and Shigella compared to corresponding control groups (Ps ≤ 0.049) (Figures 2E–H). VSD_Pre group also presented the higher relative abundance of Clostridium compared to Control_V group (P=0.006) (Figure 2E). 




Figure 2 | The comparison of alpha diversity between Control_V and VSD_Pre groups (A), and between Control_T and TOF_Pre groups (B). Principal-coordinate analysis based on weighted UniFrac distance between Control_V and VSD_Pre groups (C), and between Control_T and TOF_Pre groups (D). The top 20 relative abundances of bacteria at genus level in Control_V and VSD_Pre groups (E), and LEfSe analysis between them (F). The top 20 relative abundances of bacteria at genus level in Control_T and TOF_Pre groups (G), and LEfSe analysis between them (H). Control_V, control group corresponding to ventricular septal defect; VSD_Pre, preoperative group with ventricular septal defect; Control_T, control group corresponding to tetralogy of Fallot; TOF_Pre, preoperative group with tetralogy of Fallot.



There was no significant difference in alpha diversity and beta diversity between VSD_Pre and VSD_Post groups (Ps≥0.270) (Figures 3A, B), nor between TOF_Pre and TOF_Post groups (Ps ≥ 0.227) (Figures 3C, D). The relative abundances of abundant genera were not significantly different between pre-CPB and post-CPB groups (Ps≥ 0.050), except for Streptococcus (P=0.022) and Clostridium (P=0.033) being decreased in VSD_Post group compared to VSD_Pre group (Figures 3E, F).




Figure 3 | The comparisons of alpha diversity (A) and principal-coordinate analysis based on weighted UniFrac distance (B) between VSD_Pre and VSD_Post groups. The comparisons of alpha diversity (C) and principal-coordinate analysis based on weighted UniFrac distance (D) between TOF_Pre and TOF_Post groups. The top 20 relative abundances of bacteria at genus level in VSD_Pre and VSD_Post groups (E), and in TOF_Pre and TOF_Post groups (F). VSD_Pre, preoperative group with ventricular septal defect; VSD_Post, early postoperative group with ventricular septal defect; TOF_Pre, preoperative group with tetralogy of Fallot; TOF_Post, early postoperative group with tetralogy of Fallot.



Compared with VSD_Post and TOF_Post groups respectively, VSD_FU and TOF_FU had significantly increased alpha diversity (Ps ≤ 0.004) (Figures 4A, B) and significant differences in beta diversity (Ps=0.001) (Figures 4C, D), and they were characterized by a significant dominance of short-chain fatty acids (SCFAs)-producing bacteria and decrease of Enterococcus and Rothia (Ps ≤ 0.039) (Figures 4E–H). Specifically, in VSD_FU group, the relative abundances of SCFAs-producing taxa including Blautia, [Ruminococcus], Coprococcus, Dorea, Oscillospira, Akkermansia, Roseburia, Faecalibacterium, and Butyricicoccus were significantly higher than those of VSD_Post group, and the proportions of Enterobacteriaceae and Shigella were lower (Figure 4G). The relative abundances of SCFAs-producing taxa including Bacteroides, Blautia, [Ruminococcus], Coprococcus, Dorea, and Oscillospira were significantly higher in TOF_FU group compared with in TOF_Post group (Figure 4H).




Figure 4 | The comparison of alpha diversity between VSD_Post and VSD_FU groups (A), and between TOF_Post and TOF_FU groups (B). Principal-coordinate analysis based on weighted UniFrac distance between VSD_Post and VSD_FU groups (C), and between TOF_Post and TOF_FU groups (D). The top 20 relative abundances of bacteria at genus level in VSD_Post and VSD_FU groups (E), and in TOF_Post and TOF_FU groups (F). LEfSe analysis between VSD_Post and VSD_FU groups (G), and between TOF_Post and TOF_FU groups (H). VSD_Post, early postoperative group with ventricular septal defect; VSD_FU, one-year postoperative group with ventricular septal defect; TOF_Post, early postoperative group with tetralogy of Fallot; TOF_FU, one-year postoperative group with tetralogy of Fallot.



There was no significant difference in alpha diversity and beta diversity between Control_FU and VSD_FU groups (Ps≥ 0.426 ) (Figures 5A, B), nor between Control_FU and TOF_FU groups (Ps≥ 0.102) (Figures 5C, D). Compared with Control_FU group, the relative abundances of dominated genera were not significantly different in VSD_FU and TOF_FU groups respectively (Ps≥ 0.074 ), except for Bluatia being increased in TOF_FU group than in Control_FU group (P=0.021) (Figures 5E, F). 




Figure 5 | The comparisons of alpha diversity (A) and principal-coordinate analysis based on weighted UniFrac distance (B) between Control_FU and VSD_FU groups. The comparisons of alpha diversity (C) and principal-coordinate analysis based on weighted UniFrac distance (D) between Control_FU and TOF_FU groups. The top 20 relative abundances of bacteria at genus level in Control_FU and VSD_FU groups (E), and in Control_FU and TOF_FU groups (F). VSD_FU, one-year postoperative group with ventricular septal defect; TOF_FU, one-year postoperative group with tetralogy of Fallot; Control_FU, control group corresponding to one-year postoperative groups.



No significant difference in alpha diversity, beta diversity, and the relative abundances of abundant genera were found between VSD and TOF groups at any of the 3 study periods (Ps≥ 0.055) (Figures 6A–C, 7A–C, 8A–C).




Figure 6 | The comparisons of alpha diversity (A) and principal-coordinate analysis based on weighted UniFrac distance (B) between VSD_Pre and TOF_Pre groups, and the top 20 relative abundances of bacteria at genus level in them (C). VSD_Pre, preoperative group with ventricular septal defect; TOF_Pre, preoperative group with tetralogy of Fallot.






Figure 7 | The comparisons of alpha diversity (A) and principal-coordinate analysis based on weighted UniFrac distance (B) between VSD_Post and TOF_Post groups, and the top 20 relative abundances of bacteria at genus level in them (C). VSD_Post, early postoperative group with ventricular septal defect; TOF_Post, early postoperative group with tetralogy of Fallot.






Figure 8 | The comparisons of alpha diversity (A) and principal-coordinate analysis based on weighted UniFrac distance (B) between VSD_FU and TOF_FU groups, and the top 20 relative abundances of bacteria at genus level in them (C). VSD_FU, one-year postoperative group with ventricular septal defect; TOF_FU, one-year postoperative group with tetralogy of Fallot.








Discussion

The present study demonstrated that, in both groups of children with VSD or TOF, gut microbiota dysbiosis existed preoperatively and were not disturbed significantly by CPB. One-year post-CPB, gut microbiota tended to be normal. There was no significant difference in microbial communities between VSD and TOF groups throughout the 3 periods.

Preoperatively, harmful taxa Enterobacteriaceae and Shigella were the characteristic bacteria in both groups of children with VSD and TOF, and the relative abundance of Bifidobacterium was lower compared to corresponding control groups, despite the high incidence of vaginal delivery in VSD_Pre group. Actually, vaginal-born infants presented the high relative abundances of Bifidobacterium (Reyman et al., 2019). Depletion of Bifidobacterium has been shown to induce systemic inflammation and immune imbalance (Henrick et al., 2021). A large-scale cohort study (n=7211) has demonstrated that Enterobacteriaceae was strongly associated with high all-cause mortality in gastrointestinal and respiratory events (Salosensaari et al., 2021). The underlying mechanisms for gut microbiota dysbiosis in children with CHD remain poorly understood. It has been reported that children with CHD have lost the integrity of intestinal epithelium preoperatively (Typpo et al., 2015), which may indicate intestinal inflammation (Subramanian et al., 2020). The intestinal inflammation may change gut bacteria to support the overgrowth of aerotolerant bacteria, especially Enterobacteriaceae (Lupp et al., 2007). Its expansion is considered as a common marker of gut dysbiosis (Byndloss et al., 2017).

Previous studies have largely focused on cyanotic and severe CHD. For example, patients with TOF pre-CPB presented microbial dysbiosis with changed taxonomic compositions and impaired functional profiles (Liu et al., 2022). In neonates with critical CHD, gut dysbacteriosis were shown to be related to metabolomic perturbations and involved in immune imbalance and adverse clinical outcomes (Huang et al., 2022). Only one study compared gut microbiota between cyanotic and non-cyanotic patients. It showed that gut microbiota of patients with cyanotic CHD (TOF, double outlet right ventricle, transposition of the great arteries, and pulmonary artery atresia) differed from that of non-cyanotic patients (VSD and atrial septal defect) markedly with decreased proportion of Lactobacilli (Xing et al., 2018). Data from our present study showed that there was no significant difference in microbial community between VSD_Pre and TOF_Pre groups. This is different from our hypothesis and might be attributable to the different types of CHD between the two studies. As described above, the previous study included more severe CHD besides TOF, which may be associated with poorer intestinal oxygen supply as a result of a combination of hypoperfusion and hypoxemia.

It is also to our surprise that our data did not show significant difference in microbial communities between pre-CPB and early post-CPB periods in both VSD and TOF groups. It is well known that CPB induces intense systemic inflammation responses (Warltier et al., 2002), ischemia-reperfusion injury (Collard and Gelman, 2001) and imbalanced oxygen transport with reduced oxygen delivery (Li et al., 2000, 2007), and that the intestinal epithelia are particularly sensitive to ischemic injury (Robinson and Mirkovitch, 1972). Deng et al. established intestinal ischemia-reperfusion model in mouse and observed that gut microbiota was substantially modified at the end of reperfusion for 2 hours (Deng et al., 2021). There might be other reasons attributable to the similar microbial communities between pre- and post-CPB patients. Gut microbiota presents the property of certain resilience that the microbial dysbiosis can recover following a short-term catastrophic perturbation, i.e., inflammation (Sommer et al., 2017). A study found a temporary pattern of bacterial changes in ischemia-reperfusion rats that the intestinal communities altered early after intestinal reperfusion and reached significant differences at 12 hours following reperfusion, then recovered toward normal pattern by 72 hours following reperfusion (Wang et al., 2013). Besides, it is known that intestinal epithelia and microbiota interact intimately (Kayama et al., 2020). Studies focusing on perioperative epithelial injury found that the plasma level of intestinal fatty acid-binding protein, an indicator of intestinal epithelial injury (Watson et al., 2020), was increased initially at rewarming and then decreased gradually within 24 to 48 hours after CPB, suggesting restoration of intestinal epithelia (Salomon et al., 2021; Pathan et al., 2011; Subramanian et al., 2020; Adamik et al., 2017). As such, the early post-CPB microbiota in our patients might have been changed to some degree but then gradually recovered to the pre-CPB pattern by the time of sampling. Nonetheless, Salomon et al. reported exacerbated gut bacteria dysbiosis in children with CHD 2 to 4 days after CPB compared to the preoperative samples (Salomon et al., 2021). This, again, might be due to more severe CHD, more complex surgery and longer duration of CPB in their study population as described above. Adamik et al. reported that the adult patients undergoing longer duration of CPB≥90 minutes had higher levels of intestinal fatty acid-binding protein and endotoxin relating with gut translocation, compared to those with duration of CPB<90 minutes (Watson et al., 2020). In our patients, TOF_Post group had a significantly longer CPB time compared to VSD_Post group [75 (84-64) vs. 115 (126-96), P<0.001]. However, microbial community of TOF_Post group was similar with that of VSD_Post group. This might be due partly to the similar baseline microbiota pre-CPB between the two groups.

Expectedly, our study showed that about one year after CPB, gut microbiota recovered close to normal patterns in both TOF_FU and VSD_FU groups. The relative abundances of harmful bacteria, such as Enterococcus and Rothia, were decreased, and the beneficial SCFAs-producing taxa became dominant. This indicates that the dysbacteriosis observed pre- and early post-CPB was ameliorated during this period with fairly normal hemodynamics after surgical correction of CHD.





Limitations

Our study had a couple of limitations. First, while the same cohorts of patients with VSD and TOF were longitudinally studied before and early post-CPB, a cross-sectional design was used between early and one-year post-CPB groups, due to the relatively short study period. This might introduce some bias but unlikely influence our final results. Second, our study was conducted in a single center with small sample sizes, thus, limiting the generalizability of our results.





Conclusions

In children with VSD or TOF, gut microbiota dysbiosis existed with the overgrowth of harmful bacteria before CPB. Overall communities were not significantly altered by CPB. About one year after CPB, microbiota was largely restored close to normal. Similar microbial communities were found between children with VSD and TOF throughout perioperative and long-term postoperative periods. Further studies are warranted to define the characteristics of gut microbiota dysbiosis in varied types of CHD in larger patient populations. Perioperative treatment targeting on gut microbiota may provide more beneficially effects on the growth and development following CPB in this vulnerable group of patients.
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[ Staphylococcus
Blautia
Lactobacillus
' [Ruminococcus]
Veillonella
Bacteroides
Eggerthella
Collinsella (1.6% vs. 3.4%, p=0.515)
Clostridium (5.3% vs. 3.0%, p=0.859)
B Rothia (0.4% vs. 8.6%, p=0.050)
B Enterococcus (3.8% vs. 11.3%, p=0.075)
_ Streptococcus (13.7% 21.0%, p=0.445)
Shigella (26.1% vs. 15.8%, p=0.342)
[ Bifidobacterium (25.9% vs. 18.5%, p=0.101)
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ControlLV  VSD_Pre Control_T  TOF_Pre [l (PN e (i

(Control_V (Control_V (Control_T (VSD_Pre

o 20) =) () G=EY vs. Control_T) vs. VSD_Pre) vs. TOF_Pre) vs. TOF_Pre)
Age (months) 35+£15 3717 53+26 48 £24 0.066 0.725 0.674 0.190
Male (n%)* 6 (60.0%) 7 (53.8%) 8 (66.7%) 5 (45.5%) >0.999 >0.999 0.414 >0.999
Birth weight (Kg) 3406 32+06 33+0.6 3.0+04 0.539 0.327 0.051 0.304
i 39.0 38.0

Gestational age (weeks) 89%12 | 3IE12 | (oo | ogmg) 0767 0.964 0.169 0.068
Weight (Kg) 63+ 1.1 52+12 6.9+ 1.1 62+ 11 0.180 0.057 0.152 0.049
Vaginal delivery (n%) 4 (40.0%) (8412%) 6 (50.0%) 7 (63.6%) 0.691 0.039 0.680 0.357
Feeding mode (n%)

Breastfed 5 (50.0%) 5 (38.5%) 7 (58.3%) 4 (36.4%) >0.999 0.685 0414 >0.999

Mixed-fed 5(500%) | 5(385%) 5 (41.7%) 7 (63.6%) 50999 0.685 0414 0414

Exclusively formula-fed 0 3 (23.1%) 0 0 — — — —
g‘;‘;;"leme"my feeding 0 3(23.1%) | 3(25.0%) 4(36.4%) — — 0.667 0.659
Ereoperative sampling - 13+05 s 25+ 17 — — — 0.119

times (days)

Values are mean + SD or median (interquartile range) or n (%).

*The number of males is after excluding females; the male % indicates the percentage of males in the respective groups including females.

Control _V, control group corresponding to ventricular septal defect; VSD_Pre, preoperative group with ventricular septal defect; Control T, control group corresponding to tetralogy of Fallot;
TOF_Pre, preoperative group with tetralogy of Fallot.
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Top 20 genus

B \Veillonella
| Staphylococcus
I [Clostridium]
B Prevotella
- Burkholderia
Blautia
[ Eggerthella
Actinomyces
[Ruminococcus]
| Lactobacillus
Akkermansia
Clostridium
Parabacteroides (3.5% vs. 0.5%, p=0.331)
I Coliinsella (0.7% vs. 3.4%, p=0.134)
I Bacteroides (4.3% vs. 0.8%, p=0.569)
B Rothia (3.2% vs. 8.6%, p=0.459)

B Enterococcus (10.1% vs. 11.3%, p=0.186)
| Streptococcus (3.4% vs. 21.0%, p=0.055)
Shigella (20.1% vs. 15.8%, p=0.531)

[ Bifidobacterium (26.7% vs. 18.5%, p=0.167)
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Top 20 genus

B Oscillospira
Enterococcus
Eggerthella
Subdoligranulum
~ Parabacteroides
Dorea
I Ruminococcus
Gemmiger
Coprococcus
[ Clostridium
[ Collinsella
[Ruminococcus]
Shigella (2.4% vs. 2.5%, p=0.916)
Roseburia (0.8% vs. 5.1%, p=0.238)
Streptococcus (2.9% vs. 3.8%, p=0.750)
Faecalibacterium (3.9% vs. 4.5%, p=0.860)
Blautia (3.4% vs. 7.9%, p=0.336)
~ Bacteroides (4.9% vs. 8.9%, p=0.547)
Akkermansia (9.0% vs. 10.1%, p=0.161)
[ Bifidobacterium (32.6% vs. 22.9%, p=0.470)
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Top 20 genus

W Parabacteroides
Alistipes
Enterococcus
Dorea
- [Eubacterium]
Eggerthella
[ Roseburia
Ruminococcus
Gemmiger
| Shigella
[ Coprococcus
[0 Collinsella (2.3% vs. 2.3%, p=0.541)
. Clostridium (1.0% vs. 3.7%, p=0.139)
Streptococcus (2.9% vs. 3.5%, p=0.481)
Faecalibacterium (3.9% vs. 3.5%, .606)
[Ruminococcus] (1.7% vs. 7.4%, p=0.074)
Akkermansia (9.0% vs. 3.4%, p=0.606)
_ Blautia (3.4% vs. 12.5%, p=0.021)
Bacteroides (4.9% vs. 11.3%, p=0.423)
[ Bifidobacterium (32.6% vs. 19.3%, p=0.329)
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