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Background

The clinical progression of individuals afflicted with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection exhibits significant heterogeneity, particularly affecting the elderly population to a greater extent. Consequently, the association between nutrition and microbiota has garnered considerable interest. Hence, the objective of this study was to gather clinical data pertaining to the influence of diverse nutritional support interventions on the prognosis of geriatric patients with COVID-19, while additionally examining the fecal microbiota of these individuals to assess the repercussions of microecological alterations on their prognostic outcomes.





Results

A total of 71 elderly patients diagnosed with severe COVID-19 were included in this study. These patients were subsequently divided into two groups, namely the enteral nutrition (EN) group and the parenteral nutrition (PN) group, based on the type of nutritional support therapy they received after admission. The occurrence of complications was observed in 10.4% of patients in the EN group, whereas it was significantly higher at 69.6% in the PN group (P<0.001). Furthermore, the 60-day mortality rate was 2.1% (1/48) in the EN group, while it was notably higher at 30.4% (7/23) in the PN group (P=0.001). To identify the independent predictors of 60-day mortality, stepwise logistic regression analysis was employed. Among different bacterial groups, Enterococcus_faecium (18.19%) and Pseudomonas_aeruginosa (1.91%) had higher average relative abundance in the PN group (P<0.05). However, the relative abundance of Ruminococcus was higher in the EN group. Further Spearman correlation analysis showed that Enterococcus_faecium was positively correlated with poor clinical prognosis, while Ruminococcus was negatively correlated with poor clinical prognosis.





Conclusions

This study shows that the changes in the composition of intestinal flora in elderly COVID-19 patients receiving different nutritional support strategies may be related to different clinical outcomes. The abundance of Enterococcus_faecium in elderly COVID-19 patients receiving PN is significantly increased and is closely related to poor clinical outcomes. It highlights the potential of microbiome-centric interventions to mitigate and manage COVID-19 in older adults with different nutritional support options.
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Introduction

Corona Virus Disease 2019 (COVID-19), caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is primarily characterized as a respiratory infection with respiratory symptoms being predominant in affected individuals. Nevertheless, it has been observed that gastrointestinal symptoms can also manifest in patients with SARS-CoV-2 infection, indicating the involvement of the gastrointestinal tract in the pathogenesis of COVID-19 (1, 2). Nutritional status is an important factor that directly affects the outcome of elderly COVID-19 patients and is closely related to their survival. For elderly COVID-19 patients, the implementation of PN is accompanied by huge risks and challenges, which may lead to more nutrition-related complications. Studies have increasingly demonstrated that SARS-CoV-2 infects and replicates within human small intestinal cells, specifically targeting the intestinal mucosa (3). The alteration of angiotensin-converting enzyme 2 (ACE2) receptor expression facilitates the entry of SARS-CoV-2 into host cells, thereby increasing expression in the gastrointestinal tract (4, 5). The presence of SARS-CoV-2 RNA in human feces suggests involvement of the gastrointestinal tract in viral infection (6). The clinical course of SARS-CoV-2 infection varies greatly, encompassing asymptomatic cases as well as severe respiratory disease accompanied by systemic complications (7). The elderly population is more severely impacted by COVID-19 due to age-related changes in metabolism and immune function. This demographic typically experiences high levels of inflammation, stress, catabolism, and increased energy and protein needs in their gastrointestinal tract (8). The presence of ACE2, which is highly expressed in the gastrointestinal tract, may contribute to symptoms like diarrhea, nausea, and vomiting, further exacerbating malnutrition. Additionally, the inflammatory response associated with the disease significantly affects the patients’ appetite (3).

In recent times, considerable focus has been directed towards investigating the correlation between nutrition and the microbiome. However, further empirical evidence is required to comprehensively comprehend the relative significance of various nutritional interventions in maintaining microbiome homeostasis during disease. Moreover, it is imperative to explore potential interventions that aid in restoring this homeostasis during the advanced stages of the disease, such as alternative nutritional support modalities or the utilization of probiotics and fecal microbiota transplantation. Currently, clinical practice employs nutritional support techniques encompassing EN and PN (9). EN offers several benefits in terms of preserving the integrity of the intestinal barrier, upholding intestinal immune function, preventing intestinal bacterial translocation, and mitigating gut-derived infections (10). Nevertheless, elderly patients with severe COVID-19 infection frequently experience gastrointestinal intolerance and other symptoms (11). Consequently, for this vulnerable population with a high risk of malnutrition, the implementation of nutritional support therapy emerges as a crucial determinant in the duration of their recovery (12). Moreover, it is noteworthy that patients classified as having a high nutritional risk exhibit substantially elevated mortality rates compared to those with a low nutritional risk (13). The urgency of nutrition for elderly patients afflicted with COVID-19 is paramount. Furthermore, the manifestation of gastrointestinal tract intolerance symptoms and signs can significantly impede the restoration of patients’ nutritional status. Consequently, devising diverse nutritional support therapies to effectively attain the nutritional objectives of elderly patients suffering from severe SARS-CoV-2 infection has emerged as a formidable challenge. In the context of severe SARS-CoV-2 infection in elderly patients, the binding of SARS-CoV-2 to the ACE2 receptor results in the disruption of the indigenous gut microbiota, impairment of the intestinal microbiome, and facilitation of disease progression (14). Notably, COVID-19 infected patients exhibit substantial alterations in their fecal microbiota, characterized by an increased presence of opportunistic pathogens and a reduction in beneficial commensal bacteria (15). These modifications in the gut microbiome, encompassing diminished bacterial diversity and shifts in microbial composition, have been observed to correlate with the severity of COVID-19 infection in affected patients (16). In the field of COVID-19 infection, a series of studies have been conducted on the relationship between gut microbiota and changes in gut microbiota during hospitalization, post-acute COVID-19 syndrome, and comparison of COVID-19 patients with different severity of COVID-19. However, there are few studies on gut microbiota and nutrient metabolism (15, 17, 18). Previous research has demonstrated notable alterations in gut microbiota during enteral or parenteral nutrition. Inadequate parenteral nutrition and diminished nutritional support for the intestinal mucosa can result in lymphoid tissue atrophy, compromised immune system functionality, and exacerbated bacterial translocation, along with other pathological manifestations (19).

In this study, stool samples were collected to compare clinical variables and gut bacterial composition among COVID-19 patients treated with different nutritional support. The clinical variables and gut bacterial composition of patients with COVID-19 infection were compared between different nutritional support treatment groups. The use of different nutritional support methods should be based on a comprehensive clinical evaluation, which can affect the gut microbiota, resulting in different prognoses. Hence, the objective of this study is to gather clinical data concerning the impact of diverse nutritional support therapies on the prognosis of elderly individuals afflicted with COVID-19. Additionally, it aims to conduct an in-depth analysis of the fecal microbiota of these patients to assess the influence of microecological alterations on the prognosis of elderly patients suffering from severe COVID-19.





Materials and methods




Ethical statement

Informed consent of all participants was obtained for this study. The collection of stool samples and data analysis were approved by the institutional ethics board of the Sixth Affiliated Hospital, Sun Yat-sen University (NO.2023ZSLYEC-231). All interventions performed on patients were based on clinical judgment, according to the needs of the patients and not for the purposes of this study. Data were analyzed anonymously. We confirm that all methods are implemented in accordance with relevant guidelines and regulations. The study was also conducted in accordance with the Declaration of Helsinki (revised in Fortaleza, Brazil, October 2013).





Study design and population

In January and February 2023, COVID-19 patients were categorized into two groups, namely the EN group and the PN group, based on their clinical treatment requirements. Throughout their hospitalization, all participants received personalized nutritional support treatment as per the standard of care. Prior investigations have indicated a substantial alteration in the intestinal flora of patients after a week of nutritional support therapy (20, 21). Consequently, in our study, all patients were administered enteral nutrition or parenteral nutrition support for a duration of one week, following which stool samples were obtained from COVID-19 patients. Eligibility criteria for patients included being 60 years of age or older, according to the Chinese definition of the elderly individuals (22), and tested positive for SARS-CoV-2 by nasopharyngeal swabs using quantitative RT-PCR according to the recommendations of the National reference laboratory and the National Health Bureau. This study employed a prospective non-interventional design to investigate the patient inclusion process, as depicted in Figure 1. Within 48 hours of admission, each group received distinct forms of nutritional support. The EN group had access to oral nutrition powder, nasogastric tube, or nasojejunal access, while the PN group received parenteral nutrition via a central venous catheter (subclavian or jugular vein). The decision was made following a clinical evaluation of bowel function, with no rigid criteria imposed, thereby allowing the individual clinician’s discretion. Consequently, additional factors were taken into account, including the patients’ underlying condition and the anticipated rate of postoperative or intervention-related recuperation. The recommended daily intake of enteral nutrition was determined as 20-25 kcal/kg, while protein requirements were estimated at 1.5 g/kg (23, 24). The caloric intake of parenteral nutrition was ascertained to be 20-25 kcal/kg per day, while the calorie/nitrogen ratio was computed to be 120-150:1 (23). Glucose accounts for 50% to 70% of the total energy requirements, with lipid utilization contingent upon serum triglyceride levels. Furthermore, the intravenous solution was supplemented with sufficient quantities of vitamins, electrolytes, trace elements, and insulin. The medical records contained comprehensive information regarding COVID-19 patients, encompassing routine demographic data, past medical history, epidemiological exposure history, pre-existing comorbidities (such as diabetes, hypertension, chronic respiratory diseases, immunosuppression, hematological oncological disease, and previous chronic therapy), symptoms, signs, laboratory results, chest x-rays, administered antiviral therapy, corticosteroids, rescue invasive treatment, intensive care units (ICU) care, supportive measures, and in-hospital complications. Furthermore, clinical outcomes such as the duration of mechanical ventilation, ICU length of stay, and 60-day mortality were also documented.




Figure 1 | The flowchart of patient allocation.







Sample collection and processing

Stool samples were collected from elderly COVID-19 patients as soon as possible after admission and immediately refrigerated and thawed within 24 hours and frozen at -80  °C until nucleic acid extraction. Stool samples, whether transported short or long distances, must be kept in containers filled with liquid nitrogen and supervised by humans. All samples were collected during standard care rounds using all necessary precautions. The Clinical records and laboratory information system (LIS) were used to retrieve patient data, including laboratory test results and clinical presentation.





Stool DNA extraction and sequencing

Stool DNA was tested for concentration, integrity and purity before library construction, and the qualified samples enter the process of library construction. The gut microbiota composition was determined by 16S rRNA gene sequencing in fecal samples collected from the participants. Firstly, the sample was interrupted, and 1μg metagenomic DNA was taken, which was interrupted with a Covaris (Covaris S2 System, Massachusetts, USA) ultrasonic fragmenter. The interrupted sample magnetic beads were subjected to fragment selection so that the sample bands were concentrated around 200 to 400 bp. Then the end is repaired, “A” is added, and the connector is connected. The reaction system was prepared, the reaction was suitable for A certain period of time, the double stranded cDNA end was repaired, and the A base was added to the 3’end, the linker was prepared, the reaction system was suitable for a certain period of time, the linker was connected with the DNA. The PCR reaction system was prepared, and the reaction program was set to amplify the ligation product. The amplified products were purified and recovered by magnetic beads. After denaturation of the PCR product to a single strand, the cyclized reaction system was prepared, and the reaction was thoroughly mixed at the appropriate temperature for a certain time to obtain the single stranded circular product. After digestion of the uncyclized linear DNA molecules, the final library was obtained. A single-stranded circular DNA molecule replicates through a rolling circle to form a DNA nanosphere (DNB) containing multiple copies. The obtained DNBs were added to the mesh holes on the chip by high-density DNA nanochip technology, and sequenced by combined probe anchor polymerization (cPAS). The metagenome was sequenced using the MGISEQ 2000 platform PE150. SOAPnuke (v1.5.0) (25) software was used to filter the raw data for quality control, and Bowtie2 (2.2.5) (26) was used to align the host sequence and remove the sequence in the ratio to generate Clean Data. MEGAHIT (v1.2.9) (27) was used for de novo assembly of Clean Data that passed quality control. Assembled sequences less than 200 bp in length were filtered out. Species annotation was performed using Kraken2’s default parameters, while species-level abundance was estimated for metagenomic samples using a Bayesian algorithm and Kraken classification results via Bracken. UHGG database of human gastrointestinal genome was used for database selection (28). The sequence number of species contained in the sample was calculated by comparison between Kraken2 and self-built database (screened UHGG database), and then Bracken2 was used to estimate the actual abundance of species in the sample and complete the species annotation. The R package was used to calculate the Alpha diversity of species, including chao1 index, shannon index and simpson index. It also measures the difference between samples or groups by calculating Bray-Curtis distance and Jsen-Shannon divergence, called Beta diversity, to reflect whether there are significant microbial community differences between sample groups. Besides, linear discriminant analysis effect size (LEfSe) method was used to identify differentially rich taxa, and the LDA threshold was set to be >4 (29). Methods Nonparametric test and linear discriminant analysis were combined to find biomarkers of each group. LEfSe searched for the biomarker function of each group (LDA> threshold function, with higher abundance in the corresponding group and lower abundance in other groups). That is, functions that are significantly more abundant in this group than in the other groups.





Statistical analysis

Descriptive statistics are presented as numbers and percentages for categorical variables, as means and standard deviations (SD) for continuous variables, and as medians of interquartile intervals (IQRs) if continuous variables are not normally distributed. Parametric tests (Student’s t-test and one-way ANOVA) and nonparametric tests (Mann-Whitney and Kruskal-Wallis tests) were used, as appropriate, taking into account the assumption of normality and the number of groups compared. Bonferroni tests were performed to correct for multiple testing. The Mann-Whitney test was used to measure the significance of metagenomic data. The Kolmogorov-Smirnov test was used to test the assumption of normality of the distribution of variables. Significant predictors of 60-day mortality (P<0.1) were used in a multiple regression model integrating odds ratio (OR) with 95% confidence interval (CI). The forward stepwise method was used, and the goodness of fit was tested by the Hosmer-Lemeshow test. For categorical variables, the chi-square test and Fisher’s exact test were used as appropriate. The Alpha diversity and beta diversity was measured with the principal coordinate analysis (PCoA) using Bray-Curtis and unweighted unifrac dissimilarity matrices. The dysbiosi index for the EN vs PN group was calculated using the selbal algorithm (in R-version 4.2.2), which takes into account the constitutive nature of the microbiota data (30, 31). The moderating effect of the association between the ecological imbalance index (as a continuous variable) and mortality was further assessed in a Cox regression, adjusting for covariates of differences in trend levels. Spearman correlation analysis was performed to determine the relationship between fecal microbiome abundance and clinical characteristics. The corrplot package is a graphical display of a correlation matrix (R-4.2.2 for Windows). All statistical analyses were conducted by using SPSS software (version 26.0), and statistical significance was defined as a P value<0.05.





Functional analysis of metagenomic sequencing data

The non-redundant genes were functional annotated using the blastp function of Diamond (0.8.24) (32), and then the intestinal microbiota functional analysis was performed. Functional metabolic pathway enrichment analysis was performed using Kyoto Encyclopedia of Genes and Genomes (KEGG) and the cluster of orthologous groups of proteins (COG) database based on the predicted metagenome. In addition, Statistical Analysis of Metagenomic Profiles (STAMP) was employed to analyze the number of marker genes assigned to a functional profile indicating the number of sequences assigned to different biological subsystems or pathways (33). The predicted KEGG and COG pathways were compared between groups using STAMP, and the P value of significance (by factorial Kruskal-Wallis test) was 0.05.






Results




Clinical characteristics of elderly patients with COVID-19

Table 1 presents the key attributes, clinical variables, and outcome measures associated with elderly individuals affected by COVID-19. The study encompassed a cohort of 71 older adults who were confirmed positive for SARS-CoV-2 through laboratory testing. The research was conducted between January 2023 and February 2023, and the participants were assigned to receive either EN or PN as a means of nutritional support. Within the EN group, there were 19 females and 29 males, with an average age of 77.67 ± 9.12 years. In contrast, the PN group comprised of 4 females and 19 males, with a mean age of 80.43 ± 8.29 years. There were no statistically significant differences in terms of age and gender between the two groups, as shown in Table 1. Regarding comorbidities, the EN group consisted of 17 patients (35.4%) with diabetes, 23 patients (47.9%) with hypertension, 21 patients (6.3%) with chronic respiratory disease, 6 patients (12.5%) with chronic cardiac disease, and 5 patients (10.4%) with a history of cancer, as indicated in Table 1. Additionally, the PN group demonstrated statistically significant reductions in PaO2/FiO2 ratio, respiratory index, and resting arterial oxygen saturation (P<0.05). Conversely, white blood cells (P=0.032), neutrophils (P=0.020), and procalcitonin (P<0.001) were significantly elevated in the PN group compared to the EN group. Furthermore, there was no significant difference in antibiotic exposure between the two groups, as 33 patients (68.8%) in the EN group received antibiotics during hospitalization, which was not significantly different from the PN group (P=0.099). A significant difference was not observed between the groups when it came to Covid-19-specific therapies such as steroids and intravenous immunoglobulins (Table 2). The patients in the PN group were significantly more likely to undergo ICU admission (P<0.001), require invasive ventilation (P<0.001), suffer respiratory failure, shock, complications, organ failure, and die within 60 days (P=0.001). In the present study, a cohort of 11 patients was admitted to the ICU exclusively from the PN group for therapeutic purposes. The duration of their stay in the ICU was recorded as 12.00 days [IQR, 8.00-32.00 days]. The comprehensive breakdown of complications in the elderly patients diagnosed with COVID-19 pneumonia can be found in Table 3.


Table 1 | Baseline characteristics of patients infected with COVID-19 pneumonia.




Table 2 | Comparison of clinical outcomes of different nutritional support therapies in patients with COVID-19.




Table 3 | Details of complications in patients with COVID-19 pneumonia.



The 60-day mortality rate was found to be 2.1% (1/48) in the EN group and 30.4% (7/23) in the PN group (P=0.001). To determine the independent predictors of 60-day mortality, a stepwise logistic regression analysis was conducted, incorporating age (as a continuous variable), sex (male or female), presence of concomitant diseases (yes or no), and body mass index (also continuous) as variables. Additionally, univariate logistic regression analysis revealed that nine other variables significantly influenced the 60-day mortality rate. The variables included in the analysis were nutrition type (enteral, parenteral), systolic blood pressure, diastolic blood pressure, respiratory index, invasive ventilation (no, yes), hemoglobin count (continuous), white blood cell count (continuous), neutrophil count (continuous), and creatinine count (continuous). Consequently, these parameters were also incorporated into the multiple regression analysis. To assess the adequacy of the logistic regression model, the Hosmer-Lemeshow statistic was employed. Multivariate regression analysis showed that high respiratory index [odds ratio (OR): 1.835, 95% confidence interval (CI): 1.181-2.851], invasive respiration [OR: 0.012, 95% CI: 0.001-0.121], low hemoglobin [OR: 0.947, 95%CI: 0.911-0.984], and PN support [OR: 0.049, 95%CI: 0.006-0.426] was a predictor of mortality. These models are both illustrated in Table 4. To rule out the possibility that the choice of nutritional pattern is based on disease severity, we have established a multiple regression model that takes into account all confounding factors that may affect disease severity. Our results showed that the choice of nutritional approach was not significantly associated with the severity of illness at admission, but was associated with organ failure and complications when using regression analysis with baseline information at admission (Table 5).


Table 4 | Multivariate logistic regression analysis of clinical variables associated with 60-day mortality in patients with COVID-19.




Table 5 | Multivariate logistic regression analysis of clinical variables associated with disease severity in patients with COVID-19.







Changes of gut microbiota in elderly patients with COVID-19 under different nutritional support

The presence of SARS-CoV-2 viral RNA in the gastrointestinal tract leads to infection of intestinal cells and the duodenum, indicating its impact on the gut microbiome’s composition. To evaluate this, 16S ribosomal RNA (rRNA) gene analysis was conducted on 71 fecal samples to determine the microbial composition. Changes in the relative abundance (median) of each bacterial genus were assessed to examine alterations in the gut microbiota composition among COVID-19 patients in both the PN and EN groups. Notably, no significant difference in bacterial gene alpha diversity was observed between the PN and EN groups, as depicted in Figure 2A. Next, we proceeded to analyze the Alpha diversity of the species in both the EN group and PN group. The Chao1, Shannon, and Simpson indices were employed as commonly utilized measures of Alpha diversity. Notably, the analysis of the Shannon diversity index revealed no statistically significant difference between the two groups (P>0.05, Wilcoxon rank sum test) (Figure 2B).




Figure 2 | Changes of gut microbiota in the EN group and PN group. (A) Alpha diversity of gut microbiota genes between the EN group and PN group, (B) Alpha diversity of gut microbiota species between the EN group and PN group, (C) The β diversity of gut microbiota in the EN group and PN group was illustrated using PCoA diagrams, (D) The β diversity of gut microbiota in the EN group and PN group was illustrated using NMDS plots.



To ascertain potential dissimilarities in the overall gut microbial composition between the two groups, we investigated various markers of beta diversity. The differences in fecal microbial communities between the two groups (EN and PN) were visualized using Intestinal microbiota PCoA and Non-metric multi-dimensional (NMDS) based on Bray-Curtis difference scaling (Figures 2C, D). Additionally, Analysis of similarities (Anosim) was employed to examine the dissimilarities between the two groups. The findings indicated that while there were resemblances between the two groups, no statistically significant differences were observed (P=0.167) (Figure 3). Subsequently, an examination was conducted to assess the alterations in the relative abundance of intestinal microflora among COVID-19 patients receiving varying forms of nutritional support at the phylum level. Specifically, the two patient cohorts primarily consisted of Bacteroidetes, Firmicutes, and Proteobacteria at this taxonomic level. Notably, these distinctions did not reach statistical significance (Figure 4). However, employing STAMP analysis, it was observed that the EN group exhibited a higher relative abundance of Chloroflexi member in comparison to the PN group among elderly COVID-19 individuals (mean 0.58% vs 0.31%, P=0.043). In COVID-19 individuals, the abundance of Nucleocytoviricota members in the PN group was significantly higher compared to the EN group (mean 0.34% vs. 0.54%, P=0.033) (Figure 5). Regarding bacterial composition, Enterococcus_faecium, Escherichia_coli, Phocaeicola_vulgatus, Bacteroides_thetaiotaomicron, Bacteroides_fragilis, and Bacteroides_Fragilis were identified as the most prevalent bacterial genera in both groups (Figure 6).




Figure 3 | Analysis of similarities of gut microbiota between the EN group and PN group.






Figure 4 | Relative abundance of gut microbiota on phylum in the EN group and PN group.






Figure 5 | Comparison of the relative abundance of the gut microbiota on the phylum between the EN group and PN group.






Figure 6 | Relative abundance of gut microbiota species in the EN group and PN group.



To further examine alterations in bacterial abundance, the researchers employed linear discriminant analysis effect size (LEfSe) to compare the variations in gut microbiota between the two groups of COVID-19 patients. The LEfSe analysis successfully identified several taxa at various levels, which exhibited dissimilarities among elderly COVID-19 patients receiving distinct nutritional support therapies. LEfSe feature selection using LDA scores greater than 3.0 successfully identified a number of bacterial genera that exhibited discriminatory characteristics between subjects in the EN group and PN group. Notably, the elderly patients with COVID-19 in the PN group demonstrated a significant increase in Enterococcus faecium, Pseudomonas aeruginosa, and Corynebacterium striatum compared to patients in the EN group. Conversely, the EN group exhibited significant increases in Ruminococcus, Negativicutes, Bacteroides, and Blautia (Figure 7).




Figure 7 | LEfSe analysis was used to compare the relative abundance of gut microbiota species between the EN group and PN group.



For further analysis, we generated the dysbiosis index for EN vs PN group based on the R package selbal, which was used to select bacterial taxa that differentiated patients in the EN group from those in the PN group. This index is defined as the difference between arithmetic means of log-transformed abundances in these two groups of taxa (30, 31). As shown in Figure 8, this index was associated with nutritional support therapy (P<0.001). We further performed Cox regression analysis of the dysbiosis index with the covariates that showed significant differences between the EN group and PN group in Table 2. The results show that the clinical outcomes of patients in the EN group and the PN group, and separately adjusting for markers with different trend levels between the two groups did not change this association (Figure 9). To further analyze the relationship between gut microbiota and related confounding factors in elderly COVID-19 patients, including the use of antibiotics or other drugs, we correlated the dysbiosis index of EN vs PN group with baseline data. We further grouped elderly COVID-19 patients with or without antibiotic or dexamethasone treatment and calculated the relationship with the ecological disequilibrium index. Our results showed that patients receiving antibiotic and immunoglobulin treatment had higher ecological disequilibrium indexes, while patients receiving dexamethasone treatment had lower ecological disequilibrium indexes, but without statistical difference (P>0.05) (Table 6). In addition, there was no significant correlation between the ecological imbalance index and the severity of disease in patients (Table 7).




Figure 8 | P values of dysbiosis index between patients in the EN group and PN group.






Figure 9 | Cox regression analysis for dysbiosis index with covariates that show significant differences between the EN group and PN group.




Table 6 | Effects of drug therapy on dysbiosis index in hospitalized elderly patients with COVID-19.




Table 7 | Correlation analysis of baseline and ecological index of COVID-19.







Relationship between gut microbial composition and clinical indicators

The LEfSe analysis was employed to assess the disparity in gut microbiota between the two cohorts of COVID-19 patients. In comparison to the EN group, the PN group exhibited a noteworthy elevation in the relative abundance of Enterococcus_faecium and Pseudomonas_aeruginosa, whereas the relative abundance of Ruminococcus was significantly diminished. To ascertain the potential association between the distinct microbial compositions in the two cohorts and the clinical indicators, we conducted a Spearman correlation analysis. This analysis aimed to investigate the interplay between the gut microbiota and the clinical indicators in both groups of COVID-19 patients. The findings revealed a positive correlation between Enterococcus_faecium and Organ failure (r=0.285, P=0.016), as well as White blood cell parameter (r=0.428, P<0.001). The Neutrophil cell parameter (r=0.455, P<0.001), Alanine aminotransferase parameter (r=0.244, P=0.042), and Creatinine parameter (r=0.292, P=0.013) exhibited positive correlations. Additionally, the genus Pseudomonas_aeruginosa demonstrated a positive correlation with complications during hospitalization (r=0.281, P=0.018). Furthermore, the presence of Ruminococcus exhibited a negative correlation with the incidence of Shock (r=-0.236, P=0.048), Organ failure (r=-0.259, P=0.029), and ICU transition (r=-0.239, P=0.044). Additionally, it displayed a negative correlation with the Invasive ventilation parameter (r=-0.242, P=0.042) and complications during hospitalization (r=-0.259, P=0.029) as indicated in Table 8. To visually represent the relationship between the relative abundance of three distinct flora and each clinical indicator, a heat map was employed (Figure 10).


Table 8 | Correlation analysis between clinical prognosis and relative abundance of differential flora of COVID-19.






Figure 10 | The estimated Spearman’s r values, as shown in the heat map, were obtained by correlation analysis between the phase abundance of differential gut microbiota species between the two groups and the values of clinical prognostic parameters. Red and dark blue indicate positive and negative correlations between the two color, respectively.







Microbiota dysbiosis is associated with changes in metabolic function

The perturbation of the metabolic activity of the gut microbiota serves as an indicator of the severity of disease in individuals affected by COVID-19. Additionally, alterations in the relative prevalence of significant anticipated genomic functions were observed between the enteral and PN groups within the gut microbiota. Notably, the metabolic signatures identified within the same KEGG pathway exhibited variations across samples from patients receiving distinct nutritional support modalities, implying a potential correlation with early colonization and the progression of the disease. Changes in the metabolic profile and energy generation of immune cells have the potential to impact their activation, consequently worsening the imbalanced immune response observed in individuals with COVID-19. Additionally, we conducted STAMP analysis to identify functional disparities between the studied groups. Notably, genes responsible for ribosome synthesis, starch and sucrose metabolism, phosphotransferase system, ascorbate and uronate metabolism, as well as microbial metabolism in diverse environments, exhibited higher expression levels in the intestinal microbiome of patients in the PN group when compared to those in the EN group (P<0.05, Figure 11).




Figure 11 | Metagenomic function prediction based on KEGG pathway analysis. Extended error bar plots of 30 different KEGG pathways through free filtering in patients in the EN group and PN group. Error bars showed significant differences in metabolic pathways between patients in the EN group and those in the PN group (P< 0.05, Kruskal Wallis test). The difference in the relative abundance of KEGG pathways was negative in the EN group and positive in the PN group.








Discussion

The prognosis of elderly patients with COVID-19 is significantly influenced by their nutritional status, making nutritional support a crucial component of their treatment (13). However, current nutritional therapy for COVID-19 patients primarily focuses on energy intake, feeding tube placement, nitrogen balance, and similar factors, neglecting the intricate interactions between nutrients and the host and the subsequent effects. The gut microbiota, a complex ecosystem within the host, plays a pivotal role in overall host health, and alterations in gut microbiota resulting from environmental influences can have significant implications (34). This study aimed to investigate the potential impact of gut microbiota dysbiosis on the pathophysiology and clinical prognosis of COVID-19 in elderly patients with various nutritional support modalities. Specifically, we conducted a prospective observational study involving 71 elderly COVID-19 patients, with the objective of examining the association between the presence of different diseases and the stability of the normal intestinal environment, which is considered a significant environmental factor. In order to investigate the correlation between the composition of gut microbiota and clinical outcomes in elderly individuals afflicted with COVID-19, who were subjected to varying nutritional regimens, an analysis was conducted on clinical data and 16S rRNA gene sequencing data obtained from COVID-19 patients. The findings of our study indicate that EN support yields a more favorable clinical prognosis for elderly COVID-19 patients. In comparison to PN support, EN support notably diminishes the occurrence of complications during hospitalization, organ failure, respiratory failure, as well as mortality within a span of 60 days. Furthermore, a multivariate regression analysis was employed to ascertain the autonomous factors that impact the 60-day mortality rate in elderly individuals afflicted with COVID-19. Notably, the nutritional pattern emerged as a distinct autonomous factor. Subsequently, an in-depth examination of the dissimilarities in gut microbiota between the two cohorts was conducted, revealing a significant elevation of Enterococcus faecium, Pseudomonas aeruginosa, and Corynebacterium striatum in elderly COVID-19 patients belonging to the PN group. However, the presence of Ruminococcus was notably higher in elderly COVID-19 patients belonging to the EN group. Subsequently, an examination of the relationship between distinct microbial communities and clinical prognosis was conducted. The analysis revealed a positive correlation between the presence of Enterococcus faecium, a specific microbial community, in elderly COVID-19 patients belonging to the PN group and clinical indicators of unfavorable prognosis. Conversely, the presence of Ruminococcus in elderly COVID-19 patients belonging to the EN group exhibited a negative correlation with clinical indicators of unfavorable prognosis.

Currently, research examining the immune response of the host has identified several features of COVID-19 cases, including cytokine storm, inadequate T cell response, lymphopenia, and aberrant activation of macrophages/monocytes (35). Nevertheless, the relationship between the host and microbiome throughout the course of COVID-19 remains uncertain. Gut microorganisms have the capacity to engage with the host immune system via direct physical interaction, metabolites, and alterations in the structural constituents of the intestinal mucosa (36).

In accordance with prior research, our study demonstrated an elevated presence of Enterococcus in elderly COVID-19 patients undergoing PN. Previous studies have indicated that Enterococcus, as a facultative pathogen, exhibits higher prevalence in severe cases of COVID-19 compared to mild cases (15, 37). Specifically, Enterococcus faecium is found to be enriched in severe COVID-19 cases, which is linked to heightened expression of genes associated with platelet aggregation and neutrophil-granulocyte degranulation (38). Prior research has demonstrated that certain clinical isolated strains of Enterococcus faecium possess the ability to induce human platelet aggregation (39) or activate human platelets in vitro (40). Additionally, the ultrasonic extract derived from Enterococcus faecium has been found to impede cell cycle progression and suppress lymphocyte response (41). Hence, it was postulated that the dysregulation of Enterococcus faecium observed in elderly COVID-19 patients receiving PN may not be a mere bystander but rather a plausible contributor to the severity of COVID-19.

To summarize, our investigation revealed a heightened presence of Enterococcus faecium, a pathogenic agent responsible for COVID-19 in elderly individuals, in the context of PN administration. We conducted a more in-depth examination of the relationship between Enterococcus faecium and clinical prognosis. The findings revealed a positive correlation between Enterococcus faecium and the incidence of organ failure. Notably, a study demonstrated a robust association between gut bacteria and inflammation in COVID-19. Alterations in the gut microbiota were observed during the initial phases of infection, and there were reported correlations between the composition of the gut microbiota and levels of various proinflammatory cytokines known to be linked to COVID-19 (42). Furthermore, our study revealed a significant positive association between Enterococcus faecium and the quantities of white blood cells and neutrophils. This finding suggests that the administration of PN can influence alterations in the gut microbiota of elderly patients with COVID-19, resulting in the proliferation of the opportunistic pathogen Enterococcus faecium and subsequently impacting the clinical prognosis.

In the present study, it was observed that the abundance of multiple beneficial bacteria was notably higher in the group of patients receiving EN. Specifically, elderly COVID-19 patients with EN support exhibited a significant increase in the Ruminococcus and Blautia genera. It is worth noting that the genus Blautia has been shown to possess anti-inflammatory properties, as evidenced by previous studies (43, 44). Additionally, the genus Ruminococcus is recognized as a crucial contributor to the intestinal ecosystem, and probiotic strains derived from this genus may play a role in combating various pathogens within the same pathological niches (45). Multiple studies have consistently demonstrated that a decrease in the proportional prevalence of symbiotic bacteria is widely recognized as a crucial marker of ecological disequilibrium in inflammatory bowel disease, rheumatism, and multiple sclerosis (46, 47). Furthermore, a decline in Ruminococcus levels was observed among elderly COVID-19 patients receiving parenteral nutrition. Diminished quantities of Ruminococcus have been linked to various inflammatory bowel diseases and are pivotal in upholding intestinal well-being owing to their capacity to generate butyrate and other short-chain fatty acids (SCFA) (48). Among SCFA, butyrate exhibits anti-inflammatory properties, potentially elucidating the rationale behind the heightened severity of the disease in patients. Additional investigation into the association between Ruminococcus and clinical prognosis revealed a negative correlation between the relative abundance of Ruminococcus and complications experienced during hospitalization. The presence of gastrointestinal symptoms in COVID-19 patients has been linked to escalated disease severity and complications (49) with an excessive immune response to the virus believed to be a pivotal factor in driving disease progression (50). Our hypothesis posits that alterations in the microbial composition, particularly within the gastrointestinal tract, could potentially contribute to the pathogenesis of disease by actively participating in the emergence of complications. Maintaining a stable bacterial profile throughout hospitalization may exert a beneficial influence on the progression of the disease. Consequently, it is imperative to take into account the significance of a healthy and diverse gut microbiome in the therapeutic management of COVID-19. Furthermore, the disruption of metabolic functionality within the gut microbiota serves as a predictive indicator of disease severity among individuals afflicted with COVID-19.

Our study revealed variations in the relative prevalence of significant anticipated genomic functions within the gut microbiota between the enteral and parenteral nutrition cohorts. Notably, distinct metabolic markers within the same KEGG pathway exhibited disparities among samples obtained from patients receiving different forms of nutritional support, indicating a potential correlation with initial colonization and the advancement of disease. Consequently, modifications in the metabolic composition and energy generation of immune cells have the potential to impact their activation, thereby exacerbating the dysregulated immune response observed in individuals afflicted with COVID-19. In relation to functional biomarkers, our study revealed a significant activation of pathways associated with ribosomes, starch and sucrose metabolism, phosphotransferase system, ascorbate and uronate metabolism, as well as microbial metabolic pathways in various environments within the poor prognosis group, specifically referred to as the PN group. It is justifiable to deduce that the dysbiosis of microbiota caused by PN support in elderly patients with COVID-19 infection may substantially diminish crucial intestinal metabolic pathways and result in an escalation in the abundance of opportunistic microbiota. Consequently, the gut microbiota could potentially impact the prognosis of COVID-19 via metabolic pathway.

Our study encountered certain limitations. Firstly, the inclusion of patients treated at a solitary facility may restrict the generalizability of our findings to patients receiving treatment at other medical centers. Therefore, it is imperative to conduct multi-center studies encompassing large cohorts to examine alterations in intestinal microbiota among elderly patients infected with SARS-CoV-2 under varying nutritional support regimens. Secondly, the presence of heterogeneous patients and diverse clinical management approaches may introduce complexity in discerning microbial signatures associated with COVID-19. Hence, the impact of clinical management on the alteration of the gut microbiome composition in response to COVID-19 remains uncertain. Moreover, our analysis solely focused on the modifications in bacterial composition within the fecal samples of COVID-19 patients using 16S rRNA gene sequencing, without employing shotgun metagenomic sequencing. Consequently, further investigations are warranted to explore the variations in other microbiota constituents, such as viruses and fungi, in forthcoming research endeavors.





Conclusions

In summary, our study shows that the changes in the composition of intestinal flora in elderly COVID-19 patients receiving different nutritional support strategies may be related to different clinical outcomes. The abundance of Enterococcus_faecium in elderly COVID-19 patients receiving PN is significantly increased, and is closely related to poor clinical outcomes. It highlights the potential of microbiome-centric interventions to mitigate and manage COVID-19 in older adults with different nutritional support options. Furthermore, we observed significant changes in gene function and metagenomic pathways in the microbiome, highlighting the potential role of the gut microbiome as a biomarker mediator.





Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/supplementary material.





Ethics statement

The studies involving humans were approved by the institutional ethics board of the Sixth Affiliated Hospital, Sun Yat-sen University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

JZ: Writing – original draft. JD: Writing – review & editing. JL: Writing – review & editing. YS: Writing – review & editing. JH: Writing – review & editing. DL: Writing – review & editing. MS: Writing – review & editing. YC: Writing – review & editing. SL: Writing – review & editing. XB: Writing – review & editing. ML: Writing – review & editing. TX: Writing – review & editing. QZ: Writing – review & editing. XG: Writing – review & editing.





Funding

The authors declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by Supported by National Key Clinical Discipline.





Conflict of interest

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




Abbreviations









EN, enteral nutrition; PN, parenteral nutrition; COVID-19, Corona Virus Disease 2019; ACE2, angiotensin-converting enzyme 2; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; ICU, intensive care units; LIS, laboratory information system; LEfSe, linear discriminant analysis effect size; SD, standard deviations; IQRs, interquartile intervals; OR, odds ratio; CI, confidence interval; KEGG, Kyoto Encyclopedia of Genes and Genomes; STAMP, Statistical Analysis of Metagenomic Profiles; PCoA, Principal coordinate analysis; NMDS, Non-metric multi-dimensional; SCFA, short-chain fatty acids.




References

1. Kaźmierczak-Siedlecka, K, Vitale, E, and Makarewicz, W. COVID-19 - gastrointestinal and gut microbiota-related aspects. Eur Rev Med Pharmacol Sci (2020) 24(20):10853. doi: 10.26355/eurrev_202010_23448

2. Mao, R, Qiu, Y, He, JS, Tan, JY, Li, XH, Liang, J, et al. Manifestations and prognosis of gastrointestinal and liver involvement in patients with COVID-19: a systematic review and meta-analysis. Lancet Gastroenterol Hepatol (2020) 5(7):667–78. doi: 10.1016/S2468-1253(20)30126-6

3. Lamers, MM, Beumer, J, van der Vaart, J, Knoops, K, Puschhof, J, Breugem, TI, et al. SARS-CoV-2 productively infects human gut enterocytes. Science (2020) 369(6499):50–4. doi: 10.1126/science.abc1669

4. Koester, ST, Li, N, Lachance, DM, Morella, NM, and Dey, N. Variability in digestive and respiratory tract Ace2 expression is associated with the microbiome. PloS One (2021) 16(3):e0248730. doi: 10.1371/journal.pone.0248730

5. Zang, R, Gomez, CM, McCune, BT, Zeng, Q, Rothlauf, PW, Ding, S, et al. TMPRSS2 and TMPRSS4 promote SARS-CoV-2 infection of human small intestinal enterocytes. Sci Immunol (2020) 5(47):eabc3582. doi: 10.1126/sciimmunol.abc3582

6. Zuo, T, Liu, Q, Zhang, F, Lui, GC, Tso, EY, Yeoh, YK, et al. Depicting SARS-CoV-2 faecal viral activity in association with gut microbiota composition in patients with COVID-19. Gut (2021) 70(2):276–84. doi: 10.1136/gutjnl-2020-322294

7. Li, Y, Ji, D, Cai, W, Hu, Y, Bai, Y, Wu, J, et al. Clinical characteristics, cause analysis and infectivity of COVID-19 nucleic acid repositive patients: A literature review. J Med Virol (2021) 93(3):1288–95. doi: 10.1002/jmv.26491

8. Rea, IM, and Alexander, HD. Triple jeopardy in ageing: COVID-19, co-morbidities and inflamm-ageing. Ageing Res Rev (2022) 73(Jan):101494. doi: 10.1016/j.arr.2021.101494

9. Singer, P. Preserving the quality of life: nutrition in the ICU. Crit Care (2019) 23(Suppl 1):139. doi: 10.1186/s13054-019-2415-8

10. Doig, GS, Heighes, PT, Simpson, F, and Sweetman, EA. Early enteral nutrition reduces mortality in trauma patients requiring intensive care: a meta-analysis of randomised controlled trials. Injury (2011) 42(1):50–6. doi: 10.1016/j.injury.2010.06.008

11. Thibault, R, Seguin, P, Tamion, F, Pichard, C, and Singer, P. Nutrition of the COVID-19 patient in the intensive care unit (ICU): a practical guidance. Crit Care (London England) (2020) 24(1):447–7. doi: 10.1186/s13054-020-03159-z

12. Li, G, Zhou, CL, Ba, YM, Wang, YM, Song, B, Cheng, XB, et al. Nutritional risk and therapy for severe and critical COVID-19 patients: A multicenter retrospective observational study. Clin Nutr (2021) 40(4):2154–61. doi: 10.1016/j.clnu.2020.09.040

13. Rothenberg, E. Coronavirus Disease 19 from the Perspective of Ageing with Focus on Nutritional Status and Nutrition Management-A Narrative Review. Nutrients (2021) 13(4):1294. doi: 10.3390/nu13041294

14. Penninger, JM, Grant, MB, and Sung, J. The Role of Angiotensin Converting Enzyme 2 in Modulating Gut Microbiota, Intestinal Inflammation, and Coronavirus Infection. Gastroenterology (2021) 160(1):39–46. doi: 10.1053/j.gastro.2020.07.067

15. Zuo, T, Zhang, F, Lui, GCY, Yeoh, YK, Li, AYL, Zhan, H, et al. Alterations in Gut Microbiota of Patients With COVID-19 During Time of Hospitalization. Gastroenterology (2020) 159(3):944–955.e8. doi: 10.1053/j.gastro.2020.05.048

16. Yeoh, YK, Zuo, T, Lui, GC, Zhang, F, Liu, Q, Li, AY, et al. Gut microbiota composition reflects disease severity and dysfunctional immune responses in patients with COVID-19. Gut (2021) 70(4):698–706. doi: 10.1136/gutjnl-2020-323020

17. Liu, Q, Su, Q, Zhang, F, Tun, HM, Mak, J, Lui, GC, et al. Multi-kingdom gut microbiota analyses define COVID-19 severity and post-acute COVID-19 syndrome. Nat Commun (2022) 13(1):6806. doi: 10.1038/s41467-022-34535-8

18. Mazzarelli, A, Giancola, ML, Fontana, A, Piselli, P, Binda, E, Trivieri, N, et al. Gut microbiota composition in COVID-19 hospitalized patients with mild or severe symptoms. Front Microbiol (2022) 13(Dec 6):1049215–1049215. doi: 10.3389/fmicb.2022.1049215

19. Pierre, JF. Gastrointestinal immune and microbiome changes during parenteral nutrition. Am J physiology: Gastrointestinal liver Physiol (2017) 312(3):G246–56. doi: 10.1152/ajpgi.00321.2016

20. Wang, P, Sun, H, Maitiabula, G, Zhang, L, Yang, J, Zhang, Y, et al. Total parenteral nutrition impairs glucose metabolism by modifying the gut microbiome. Nat Metab (2023) 5(2):331–48. doi: 10.1038/s42255-023-00744-8

21. Tian, X, Xia, G, Zhang, M, Tan, C, Yang, M, Wang, H, et al. Effect of enteral nutrition on the intestinal microbiome and risk of death in ischemic stroke patients. JPEN J Parenter Enteral Nutr (2022) 46(8):1847–58. doi: 10.1002/jpen.2370

22. Jia, L, Du, Y, Chu, L, Zhang, Z, Li, F, Lyu, D, et al. Prevalence, risk factors, and management of dementia and mild cognitive impairment in adults aged 60 years or older in China: a cross-sectional study. Lancet Public Health (2020) 5(12):e661–71. doi: 10.1016/S2468-2667(20)30185-7

23. Meier, R, Ockenga, J, Pertkiewicz, M, Pap, A, Milinic, N, MacFie, J, et al. ESPEN Guidelines on Enteral Nutrition: Pancreas. Clin Nutr (2006) 25(2):275–84. doi: 10.1016/j.clnu.2006.01.019

24. Kreymann, KG, Berger, MM, Deutz, NEP, Hiesmayr, M, Jolliet, P, Kazandjiev, G, et al. ESPEN Guidelines on Enteral Nutrition: Intensive care. Clin Nutr (2006) 25(2):210–23. doi: 10.1016/j.clnu.2006.01.021

25. Chen, Y, Chen, Y, Shi, C, Huang, Z, Zhang, Y, Li, S, et al. SOAPnuke: a MapReduce acceleration-supported software for integrated quality control and preprocessing of high-throughput sequencing data. Gigascience (2018) 7(1):1–6. doi: 10.1093/gigascience/gix120

26. Langmead, B, and Salzberg, SL. Fast gapped-read alignment with Bowtie 2. Nat Methods (2012) 9(4):357–9. doi: 10.1038/nmeth.1923

27. Li, D, Liu, CM, Luo, R, Sadakane, K, and Lam, TW. MEGAHIT: an ultra-fast single-node solution for large and complex metagenomics assembly via succinct de Bruijn graph. Bioinformatics (2015) 31(10):1674–6. doi: 10.1093/bioinformatics/btv033

28. Almeida, A, Nayfach, S, Boland, M, Strozzi, F, Beracochea, M, Shi, ZJ, et al. A unified catalog of 204,938 reference genomes from the human gut microbiome. Nat Biotechnol (2021) 39(1):105–14. doi: 10.1038/s41587-020-0603-3

29. Segata, N, Izard, J, Waldron, L, Gevers, D, Miropolsky, L, Garrett, WS, et al. Metagenomic biomarker discovery and explanation. Genome Biol (2011) . 12(6):R60. doi: 10.1186/gb-2011-12-6-r60

30. Pinto, JR, Egozcue, JJ, Pawlowsky-Glahn, V, Paredes, R, Noguera-Julian, M, Calle, M, et al. Balances: a new perspective for microbiome analysis, in Balances: a new perspective for microbiome analysis. mSystems In:  J Egozcue, and JJ Egozcue, editors. Cold Spring Harbor: Cold Spring Harbor Laboratory Press (2017) 3(4).

31. Troseid, M, Holter, JC, Holm, K, Vestad, B, Sazonova, T, Granerud, BK, et al. Gut microbiota composition during hospitalization is associated with 60-day mortality after severe COVID-19. Crit Care (2023) 27(1):69. doi: 10.1186/s13054-023-04356-2

32. Buchfink, B, Xie, C, and Huson, DH. Fast and sensitive protein alignment using DIAMOND. Nat Methods (2015) 12(1):59–60. doi: 10.1038/nmeth.3176

33. Donovan, H, and Parks, GWTP. STAMP statistical analysis of taxonomic and functional profiles. Bioinformatics (2014) 30(21):3123–4. doi: 10.1093/bioinformatics/btu494

34. Parker, A, Romano, S, Ansorge, R, Aboelnour, A, Le Gall, G, Savva, GM, et al. Fecal microbiota transfer between young and aged mice reverses hallmarks of the aging gut, eye, and brain. Microbiome (2022) 10(1):68–8. doi: 10.1186/s40168-022-01243-w

35. Zhang, X, Tan, Y, Ling, Y, Lu, G, Liu, F, Yi, Z, et al. Viral and host factors related to the clinical outcome of COVID-19. Nat (London) (2020) 583(7816):437–40. doi: 10.1038/s41586-020-2355-0

36. Falony, G, Joossens, M, Vieira-Silva, S, Wang, J, Darzi, Y, Faust, K, et al. Population-level analysis of gut microbiome variation. Science (2016) 352(6285):560–4. doi: 10.1126/science.aad3503

37. Cao, J, Wang, C, Zhang, Y, Lei, G, Xu, K, Zhao, N, et al. Integrated gut virome and bacteriome dynamics in COVID-19 patients. Gut Microbes (2021) 13(1):1–21. doi: 10.1080/19490976.2021.1887722

38. Xu, X, Zhang, W, Guo, M, Xiao, C, Fu, Z, Yu, S, et al. Integrated analysis of gut microbiome and host immune responses in COVID-19. Front Med (2022) 16(2):263–75. doi: 10.1007/s11684-022-0921-6

39. Rasmussen, M, Johansson, D, Sobirk, SK, Morgelin, M, and Shannon, O. Clinical isolates of Enterococcus faecalis aggregate human platelets. Microbes Infect (2010) 12(4):295–301. doi: 10.1016/j.micinf.2010.01.005

40. Ahmadrajabi, R, Dalfardi, MS, Farsinejad, A, and Saffari, F. Distribution of Ebp pili among clinical and fecal isolates of Enterococcus faecalis and evaluation for human platelet activation. APMIS (2018) 126(4):314–9. doi: 10.1111/apm.12813

41. Lee, W, Lim, S, Son, HH, and Bae, KS. Sonicated extract of Enterococcus faecalis induces irreversible cell cycle arrest in phytohemagglutinin-activated human lymphocytes. J Endod (2004) 30(4):209–12. doi: 10.1097/00004770-200404000-00006

42. Mizutani, T, Ishizaka, A, Koga, M, Ikeuchi, K, Saito, M, Adachi, E, et al. Correlation Analysis between Gut Microbiota Alterations and the Cytokine Response in Patients with Coronavirus Disease during Hospitalization. Microbiol Spectr (2022) 10(2):e0168921–e0168921. doi: 10.1128/spectrum.01689-21

43. Liu, X, Mao, B, Gu, J, Wu, J, Cui, S, Wang, G, et al. Blautia-a new functional genus with potential probiotic properties? Gut Microbes (2021) 13(1):1–21. doi: 10.1080/19490976.2021.1875796

44. Benitez-Paez, A, Gomez, DPE, Lopez-Almela, I, Moya-Perez, A, Codoner-Franch, P, Sanz, Y, et al. Depletion of Blautia Species in the Microbiota of Obese Children Relates to Intestinal Inflammation and Metabolic Phenotype Worsening. mSystems (2020) 5(2):e00857–19. doi: 10.1128/mSystems.00857-19

45. La Reau, AJ, and Suen, G. The Ruminococci: key symbionts of the gut ecosystem. J Microbiol (2018) 56(3):199–208. doi: 10.1007/s12275-018-8024-4

46. Ferreira, C, Viana, SD, and Reis, F. Is Gut Microbiota Dysbiosis a Predictor of Increased Susceptibility to Poor Outcome of COVID-19 Patients? Update Microorganisms (2020) 9(1):53. doi: 10.3390/microorganisms9010053

47. Kriss, M, Hazleton, KZ, Nusbacher, NM, Martin, CG, and Lozupone, CA. Low diversity gut microbiota dysbiosis: drivers, functional implications and recovery. Curr Opin Microbiol (2018) 44(Aug):34–40. doi: 10.1016/j.mib.2018.07.003

48. Daniela Parada Venegas, MKDL. Short Chain Fatty Acids (SCFAs)-Mediated Gut Epithelial and Immune Regulation and Its Relevance for Inflammatory Bowel Diseases. Front Immunol (2019) 11(10):277. doi: 10.3389/fimmu.2019.00277

49. Jin, X, Lian, JS, Hu, JH, Gao, J, Zheng, L, Zhang, YM, et al. Epidemiological, clinical and virological characteristics of 74 cases of coronavirus-infected disease 2019 (COVID-19) with gastrointestinal symptoms. Gut (2020) 69(6):1002–9. doi: 10.1136/gutjnl-2020-320926

50. Brodin, P. Immune determinants of COVID-19 disease presentation and severity. Nat Med (2021) 27(1):28–33. doi: 10.1038/s41591-020-01202-8




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

Copyright © 2023 Zhang, Deng, Li, Su, Hu, Lin, Su, Chen, Liao, Bai, Lv, Xu, Zhong and Guo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-14-1260112-g001.jpg
Hospitalized for COVID-19, age > 60 years
from January 2023 to February 2023

Rectal swabs available (n=81)

Exclued:
Low read count
(n=10)

‘ Analyzed (n=71) ‘

48 patients in the EN 23 patients in the PN
group group






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Changes of gut microbiota under different nutritional methods in elderly patients with severe COVID-19 and their relationship with prognosis

      

        		

          Background

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Ethical statement

          



          		

            Study design and population

          



          		

            Sample collection and processing

          



          		

            Stool DNA extraction and sequencing

          



          		

            Statistical analysis

          



          		

            Functional analysis of metagenomic sequencing data

          



        



        



        		

          Results

        

          		

            Clinical characteristics of elderly patients with COVID-19

          



          		

            Changes of gut microbiota in elderly patients with COVID-19 under different nutritional support

          



          		

            Relationship between gut microbial composition and clinical indicators

          



          		

            Microbiota dysbiosis is associated with changes in metabolic function

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-14-1260112-g010.jpg
Shock 0.179 0.032

Organ failure | 0285 | 0
ICU 0.230 1 0.171
Invasive ventilation 0.224 ‘ 0.094
Albumin -0.210 -0.029
Haemoglobin -0.032 -0.091
Red blood cell 0.050 -0.018

White blood cell -0.119
Neutrophil cell 1104851 -0.085

Lymphocyte -0.028 -0.106

Platele -0.018 -0.087

C-reactive protein 0.091 0.013

Alanine aminotransferase = 0.244 -0.082

Aspartate transaminase 0.177 -0.039

Total bilirubin 0.011

Creatinine | -0.022

Procalcitonin -0.026

Lactate dehydrogenase 0.018

D-dimer 0.179 -0.110

60-day mortality 0.133 0.052
Complication 0.145 i we

N &
X N
@ O@Q
&7 2
S g
O N
0 o
e &





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-14-1260112-g006.jpg
Relative Abundance(%)

~
[&7]

(o2
o

25

Species

Enterococcus_faecium

[ Escherichia_coli

7] Phocaeicola_vulgatus
Bacteroides_thetaiotaomicron

1 Bacteroides_fragilis

'] Parabacteroides_distasonis
Phocaeicola_dorei

I Klebsiella_pneumoniae

[l Bacteroides_ovatus

|| Bacteroides_uniformis

~ Akkermansia_muciniphila

[l Faecalibacterium_prausnitzii

| Alistipes_onderdonkii

[ Enterocloster_bolteae

B Ruthenibacterium_lactatiformans

.~ Bacteroides_xylanisolvens

Bacteroides_caccae
Parabacteroides_sp_CT06
Phascolarctobacterium_faecium
uncultured_crAssphage
[Ruminococcus]_gnavus
Bacteroides_sp_A1C1
Bacteroides_cellulosilyticus
Flavonifractor_plautii
Bacteroides_sp_PHL_2737
Clostridioides_difficile
Bifidobacterium_longum
Pseudomonas_aeruginosa
Bacteroides_sp_M10
[Clostridium]_innocuum
Other





OEBPS/Images/table4.jpg
Multivariate

Survivors i P
(n=63) value Odds 95% Confidence
Ratio Interval

Age, years 7825 + 8.85 81.00 + 9.46 0415
Male gender (%) 43(68.3) 5(62.5) 0.708
BMI, kg/m* 22.56 £ 3.58 22.81 £3.77 0.851
Smoking (n, %) 3(4.8) 1(12.5) 0.387
Alcohol (n, %) 1(1.6) 0(0.0) 1.000
Nutritional mode 0.001 0.049 0.006-0.426 0.006
Enteral nutrition 47(74.6) 1(12.5)
Parenteral nutrition 16(25.4) 7(87.5) 1

Admission measures, mean

(SD)
Respiratory rate, breaths/min 21.17 £ 2.66 21.88 + 344 0.499
Heart rate, beats/min 88.54 +17.98 88.25 +19.83 0.966

Blood pressure, mm Hg

Systolic 133.62 + 18.69 113.75 + 26.63 0.009 0.163
Diastolic 7849 + 1248 66.38 + 12.09 0.012 0.284
Arterial oxygen concentration (at | 95.69 * 6.58 94.00 + 6.47 0.494

rest)

Pa02/FiO2 (ratio) 305.36 + 150.84 212.00 + 155.54 0.105

Respiratory index 1.55 + 1.65 3.55 £2.63 0.004 1.835 1.181-2.851 0.007
Location of CT findings 0.427

Unilateral pneumonia 19(30.2) 1(12.5)

Bilateral pneumonia 44(69.8) 7(87.5)

Oxygen therapy

Non-invasive ventilation 2(32) 0(0.0) 1.000

Invasive mechanical ventilation 5(7.9) 7(87.5) <0.001 0.012 0.001-0.121 <0.001
(n, %)

Comorbidities (n, %)

Hypertension 28(44.4) 5(62.5) 0.459
Diabetes mellitus II 19(30.2) 3(37.5) 0.696
Chronic cardiac disease 8(12.7) 3(37.5) 0.101
Chronic obstructive lung disease 3(4.8) 0(0.0) 1.000
Cancer 6(9.5) 0(0.0) 1.000

Laboratory parameters

Haemoglobin, g/dL 122.46 +23.12 93.63 + 25.89 0.002 0.947 0.911-0.984 0.006
Albumin, g/L i 33.13 £521 29.69 + 443 0.080 )

C-reactive protein, mg/L 68.09 + 68.31 88.05 + 74.43 0.443

Red blood cell count 401 £0.75 3.63 £ 099 0.201

White blood cell count 8.03 £3.99 12.37 £ 7.98 0.013 0.190
Neutrophil cell count, x10%/L 5.94 £ 3.56 11.01 £ 7.65 0.002 0.118
Lymphocyte count, x10°/L 138 + 139 078 + 045 0.239

Platelet count, x10°/L 247.89 + 115.32 256.75 + 139.66 0.842

Creatinine, tmol/L 82.48 + 30.46 124.54 + 81.49 0.005 0.064
Total bilirubin, mmol/L 14.14 £7.59 10.84 £ 3.23 0.233

Aminotransferase, U/L

Alanine 26.78 +17.85 27.08 + 28.96 0.967

I Aspartate 3541 £ 2644 32.79 + 31.73 0.797
D-dimer level, mg/L 328 +7.87 4.55+7.35 0.667
Lactate dehydrogenase, U/L 257.88 + 128.06 308.61 + 89.78 0.284
Procalcitonin, ng/mL 0.209
Normal 47(74.6) 4(50.0)
Elevated 16(25.4) 4(50.0)
Respiratory failure (n, %) 5(10.4) 13(56.5) <0.001 0383
Shock (n, %) 0(0.0) 11(47.8) <0.001 0.797 0.372-1/750 <0.001
Organ failure (n, %) 1(2.1) 13(56.5) <0.001 0.817
Use vasopressors (n, %) 0(0.0) 12(52.2) <0.001 0.896
Intensive care unit admission (n, 0(0.0) 11(47.8) <0.001 0.709
%)

‘The meaning of the values in bold is the P-value is less than 0.05.
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Enterococcus_faecium Pseudomonas_aeruginosa Ruminococcus

Shock Spearman’s r 0.179 0.032 -0.236

b 0.136 0.789 0.048

Organ failure Spearman’s r 0.285 0.000 -0.259

P 0.016 >0.999 0.029

ICU Spearman’s r 0.230 0.171 -0.239

P 0.054 0.154 0.044

Invasive ventilation Spearman’s r 0.224 0.094 -0.242
P 0.061 0.438 0.042

Albumin Spearman’s r -0.210 -0.029 0.178

P 0.079 0.81 0.138

Haemoglobin Spearman’s r -0.032 -0.091 0.012

P 0.789 0.448 0.920

Red blood cell Spearman’s r 0.050 -0.018 0.000

I P 0.678 0.884 0.998

‘White blood cell Spearman’s r 0.428 ' -0.119 -0.219
P <0.001 0.323 0.066

Neutrophil cell Spearman’s r 0.455 -0.085 -0.218
2 <0.001 0.481 0.068

Lymphocyte Spearman’s r -0.028 -0.106 0.072

P 0.816 0.379 0.548

Platele Spearman’s r ‘ -0.018 -0.087 0.001

P 0.883 0.471 0.992

C-reactive protein Spearman’s r 0.091 0.013 -0.132
b22 0.450 » 0.915 0.273

Alanine aminotransferase Spearman’s r 0.244 -0.082 -0.106
P 0.042 0.498 0.384

Aspartate transaminase Spearman’s r 0.177 -0.039 -0.012
P 0.140 0.745 0.923

Total bilirubin Spearman’s r -0.010 0.011 -0.002
b 0.936 0.931 0.985

Creatinine Spearman’s r 0.292 -0.022 0.009

P 0.013 0.859 0.937

Procalcitonin Spearman’s r 0.230 -0.026 -0.135

P 0.329 0.912 0.569

Lactate dehydrogenase Spearman’s r 0.083 v 0.018 0.081
P 0.513 0.888 0.520

D-dimer Spearman’s r 0.179 -0.110 0.006

P 0.134 0.359 0.963

60-day mortality Spearman’s r 0.133 0.052 -0.017
b4 0.270 0.666 0.886

Complication Spearman’s r 0.145 0.281 -0.259
b4 0.227 0.018 0.029

‘The meaning of the values in bold is the P-value is less than 0.05.
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No treatment Treatment P value
No treatment Treatment P value
Antibiotics 0589 + 0.482 0.090 + 0306 0259

Dexamethasone 0.108 + 0.344 -0.357 +£0.398 0.383

Intravenous immunoglobulins -0.424 + 0.304 0.290 £ 0.426 0.172
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Therapeutic management of COVID-19
Antibiotics (n, %)

Dexamethasone (n, %)

Intravenous immunoglobulins (n, %)
Complications during hospitalization (n, %)
Outcomes

Respiratory failure (n, %)

Shock (n, %)

Organ failure (n, %)

Use vasopressors (n, %)

Intensive care unit admission (n, %)

60-day mortality

‘The meaning of the values in bold is the P-value is less than 0.05.
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P-value

Age, years 77.67 £9.12 80.43 + 8.29 0.222
Male gender (%) 29(60.4) 19(82.6) 0.061
BMI, kg/m* 2314 +3.43 2147 +3.69 0.065
Smoking (n, %) 2(4.2) 2(8.7) 0.591
Alcohol (n, %) 0(0.0) 1(4.3) 0.324
Diet (n, %) 0.759
Balanced 39(81.3) 18(78.3)
Unbalanced 9(18.8) 5(21.7)
Symptoms at admission (n, %)
Cough 40(83.3) 19(82.6) 1.000
Sputum 21(43.8) 8(34.8) 0.472
Fever 33(68.8) 17(73.9) 0.656
Fatigue 5(10.4) 2(8.7) 1.000
Myalgia 10(20.8) 3(13.0) 0.526
Dyspnea | 5(10.4) 3(13.0) 0.708
Admission measures, mean (SD)
Respiratory rate, breaths/min 21.17 £ 2.47 21.43 £3.27 0.702
Heart rate, beats/min 88.88 + 15.68 87.74 + 22.59 0.806
Blood pressure, mm Hg
Systolic 134.48 + 18.94 124.91 + 22.51 0.065
Diastolic 78.81 + 11.56 73.61 + 15.08 0.113
Arterial oxygen concentration (at rest) 96.96 + 4.32 92.47 +9.06 0.006
Pa02/FiO2 (ratio) 334.66 + 153.94 211.73 £ 11543 0.001
Respiratory index 1.26 + 1.35 2.86 £2.34 <0.001
Location of CT findings 0.162
Unilateral pneumonia 16(33.3) 4(17.4)
Bilateral pneumonia 32(66.7) 19(82.6)
Oxygen therapy
Non-invasive ventilation 1(2.1) 1(4.3) 0.546
Invasive mechanical ventilation (n, %) 0(0.0) 12(52.2) <0.001
Comorbidities (n, %)
Hypertension 23(47.9) 10(43.5) 0.726
Diabetes mellitus II 17(35.4) 5(21.7) 0.243
Chronic cardiac disease 6(12.5) 5(21.7) 0.319
Chronic obstructive lung disease 3(6.3) 0(0.0) 0.546
Cancer 5(10.4) 1(4.3) 0.656
Laboratory parameters
Haemoglobin, g/dL 123.23 +22.09 110.83 + 28.91 0.050
Albumin, g/L 33.84 +4.97 30.45 + 5.07 0.009
[ C-reactive protein, mg/L ‘ 59.41 + 70.74 93.13 £+ 59.56 0.052
Red blood cell count 4.00 + 0.67 3.90 + 1.00 0.625
White blood cell count 7.69 +3.83 10.25 £ 5.95 0.032
Neutrophil cell count, x10°/L 5.68 £3.74 8.26 £ 529 0.020
Lymphocyte count, x10°/L 129 +0.67 136 +2.16 0.829
Platelet count, x10%/L 254.75 £ 119.81 236.65 + 113.18 0.546
Creatinine, tmol/L 85.83 + 34.38 90.13 +52.54 0.681
Total bilirubin, mmol/L 13.13 + 6.67 14.92 + 8.36 0.360
Aminotransferase, U/L
Alanine 2549 +16.92 29.54 +23.25 0.409
Aspartate 34.52 + 26.80 36.37 + 2748 0.788
D-dimer level, mg/L 2.89 £7.85 4.55 +7.64 0.403
Lactate dehydrogenase, U/L 252.79 £ 119.51 286.30 + 133.91 0.308
Procalcitonin, ng/mL <0.001

Normal

Elevated

41(85.4)

7(14.6)

‘The meaning of the values in bold is the P-value is less than 0.05.

10(43.5)

13(56.5)
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Multivariate

Enteral nutrition group Parenteral nutrition group

(n=48) (n=23) P value
Arterial oxygen concentration (at rest) 96.96 + 4.32 9247 +9.06 0.006 0.958
Pa02/FiO2 (ratio) 334.66 + 153.94 21173 + 115.43 0.001 0.856
Respiratory index 126 + 1.35 286+ 234 <0.001 0592

Comorbidities (n, %)

Hypertension 23(47.9) 10(43.5) 0.726 0.571
Diabetes mellitus II 17(35.4) 5(21.7) 0.243 0.101
Chronic cardiac disease 6(12.5) 5(21.7) 0.319 0.446
Chronic obstructive lung disease 3(6.3) 0(0.0) 0.546 0.552
Cancer 5(10.4) 1(4.3) 0.656 0.105
Albumin, g/L 33.84 +£4.97 30.45 £ 5.07 0.009 0.326
White blood cell count 7.69 +3.83 10.25 + 5.95 0.032 0.626
Neutrophil cell count, x10%/L. 5.68 +3.74 826 +5.29 0.020 0.832
Procalcitonin, ng/mL <0.001 0.109
Normal 41(85.4) 10(43.5)

Elevated 7(14.6) 13(56.5)

Complications during hospitalization (n, 5(10.4) 16(69.6) <0.001 <0.001
%)

Outcomes I

Respiratory failure (n, %) 5(10.4) 13(56.5) <0.001 0.847
Shock (n, %) 0(0.0) 11(47.8) <0.001 0.251
Organ failure (n, %) 1(2.1) 13(56.5) <0.001 <0.001

‘The meaning of the values in bold is the P-value is less than 0.05.





