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Article 
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Abstract: The gut microbiota plays a crucial role in maintaining host health and has a significant 

impact on human health and disease. In this study, we investigated the alpha diversity of gut 

microbiota in COVID-19 patients and analyzed the impact of COVID-19 variants, antibiotic 

treatment, type 2 diabetes (T2D), and metformin therapy on gut microbiota composition and 

diversity. We used a culture-based method to analyze the gut microbiota and calculated alpha-

diversity using the Shannon H' and Simpson 1/D indices. We collected clinical data, such as length 

of hospital stay (LoS), C-reactive protein (CRP) levels, and neutrophil-to-lymphocyte ratio. We 

found that patients with T2D had significantly lower alpha-diversity than those without T2D. 

Antibiotic use was associated with a reduction in alpha-diversity, while metformin therapy was 

associated with an increase. We did not find significant differences in alpha-diversity between the 

Delta and Omicron groups. Length of hospital stay, CRP levels, and NLR showed weak to moderate 

correlations with alpha diversity. Our findings suggest that maintaining a diverse gut microbiota 

may benefit COVID-19 patients with T2D. Interventions aimed at preserving or restoring gut 

microbiota diversity, such as avoiding unnecessary antibiotic use and promoting metformin 

therapy, may improve patient outcomes. 

Keywords: COVID-19; gut microbiota; diversity; diabetes; metformin 

 

1. Introduction 

The gut microbiota is a complex and diverse community of microorganisms that reside in the 

gastrointestinal tract [1]. It plays a crucial role in the maintenance of the host's health and wellbeing 

by performing important metabolic, immunological, and nutritional functions [2]. Recent studies 

have shown that alterations in the gut microbiota composition and diversity can have a significant 

impact on human health and disease [3]. 

The COVID-19 pandemic has brought the importance of gut microbiota into the spotlight, as 

research has suggested that COVID-19 patients with gastrointestinal symptoms may have a different 

gut microbiota composition compared to those without such symptoms [4–7]. Additionally, 

individuals with pre-existing conditions such as type 2 diabetes (T2D) have been found to have a less 

diverse gut microbiota, which may contribute to the progression and severity of COVID-19 [8]. 
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Antibiotic treatment is commonly used to manage bacterial infections, but it can also affect the 

gut microbiota by altering its composition and reducing its diversity [9]. Metformin therapy, a 

commonly used drug for the treatment of T2D, has also been found to impact the gut microbiota [10]. 

Several studies have demonstrated that metformin can increase the abundance of beneficial bacteria, 

such as Akkermansia muciniphila and Faecalibacterium prausnitzii, while reducing the abundance of 

harmful bacteria such as Escherichia coli [11,12]. 

In this study, we aimed to investigate the alpha diversity of gut microbiota in patients with 

COVID-19 and T2D, and to analyze the impact of COVID-19 variants, antibiotic treatment, and 

metformin therapy on gut microbiota composition and diversity. We used a culture-based method to 

analyze the gut microbiota, which enabled us to identify and quantify bacterial species present in the 

gut. 

Understanding the impact of these factors on gut microbiota composition and diversity could 

provide valuable insights into the pathogenesis and management of COVID-19 in patients with T2D, 

and may lead to the development of targeted interventions aimed at modulating the gut microbiota 

to improve patient outcomes. 

2. Material and Methods 

2.1. Study design and sample collection 

The study was conducted on 120 fecal samples collected from COVID-19 confirmed patients 

admitted to the Transcarpathian Regional Infectious Hospital from 2020 to 2022 (Figure 1). The study 

was conducted in four stages, each analyzing the gut microbiota characteristics of different groups of 

patients with COVID-19. Patients were assigned to the Delta and Omicron groups based on the 

predominance of the respective strains during the study period. Additionally, patients were divided 

into groups based on their antibiotic treatment status, with 29.3% receiving linezolid, 34.4% receiving 

meropenem, 25.8% receiving fluoroquinolones (moxifloxacin and ciprofloxacin), and 10.5% receiving 

cephalosporins of the III or IV generations. The Metformin-Treated Patients with T2D (MTP with 

T2D) group consisted of patients who took metformin in a dose of 1000-1500 mg per day for at least 

3 months prior to admission.  

 

Figure 1. Study Flow Diagram: 1) Sample Collection (The study was conducted on 120 fecal samples); 

2) Microbiota Analysis (Culture-Based Method); 3) Calculation of Alpha Diversity Indices and 

Statistical Analysis (Using Abundance Curve Calculator). 
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2.2. Microbiota analysis and calculation of alpha-diversity 

For gut microbiota analysis, the weight of the fecal sample (1.0 gram) was recorded, and 9 ml of 

isotonic (0.9%) sodium chloride solution was added to a test tube. The mixture was thoroughly 

rubbed until a homogeneous mass was formed, creating a 10-1 dilution. Subsequently, a series of 

dilutions from 10-2 to 10-11 were prepared in the same way (Figure 2). Using sterile micropipettes, 10 

μl was taken from each dilution and applied to nutrient media for the isolation of specific 

microorganisms. Commercial nutrient media was used for the isolation of enterobacteria, 

Staphylococcus spp., Enterococcus spp., yeast, Clostridium spp., Lactobacillus spp., Bifidobacterium spp., 

and Bacteroides species (Supplementary file). Identification of microorganisms was carried out based 

on the Clinical Microbiology Procedures Handbook, Volume 1-3, 4th Edition [13]. Decimal 

logarithms of the quantitative indicator of the grown colonies of microorganisms (lg CFU/g) were 

used for the convenience of material presentation and mathematical and statistical processing. 

To calculate the alpha-diversity of the gut microbiota, we used the Shannon H' and Simpson 1/D 

indices. The Shannon H' index was calculated using the formula H' = -∑ pi ln(pi), where pi is the 

proportion of individuals belonging to the ith taxon. The Simpson 1/D index was calculated using 

the formula 1/D = ∑ pi^2, where pi is the proportion of individuals belonging to the ith taxon. We 

used the Abundance Curve Calculator by Dr. James A. Danoff-Burg and X. Chen, 27 April 05, to 

calculate the diversity. 

 

Figure 2. Cell Plot of Alpha Diversity of Gut Microbiota (Simpson 1/D and Shannon H') in COVID-19 

Patients and Clinical Parameters, including Length of Hospital Stay (LoS), C-Reactive Protein (CRP) 

Levels, and Neutrophil-to-Lymphocyte Ratio (NLR). 

In addition, we collected data on several clinical parameters, including length of hospital stay 

(LoS), C-reactive protein (CRP) levels, and neutrophil-to-lymphocyte ratio (NLR). 

2.3. Statistical analysis  

To compare alpha diversity indices between groups, we used a non-parametric test, the Kruskal-

Wallis test, followed by Dwass-Steel-Critchlow-Fligner (DSCF) post-hoc test. Spearman rank 

correlation was used to explore the correlation between LoS, CRP, NLR, and diversity indices. To 

investigate the relationship between COVID-19 with T2D and COVID-19 without T2D, we used 

binary logistic regression. The independent variables included in the model were the alpha diversity 

indices. We calculated odds ratios and 95% confidence intervals, and set statistical significance at p < 

0.05. 

3. Results 

We created a cell plot to visualize the average values of Shannon H', Simpson 1/D, LoS, CRP, 

and NLR among different groups. The data used for the cell plot was obtained from the following 

groups: Delta variant, Omicron variant, antibiotic-treated group, non-antibiotic-treated group, 
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COVID-19 without T2D, COVID-19 with T2D, metformin-treated patients with T2D and COVID-19 

with antibiotic treatment, and metformin-treated patients with T2D and COVID-19 without antibiotic 

treatment (Figure 2). 

3.1. Alpha-diversity analysis 

The Kruskal-Wallis test was used to compare the alpha diversity indices (Shannon H' and 

Simpson 1/D) among eight groups: Delta variant, Omicron variant, COVID-19 without T2D, COVID-

19 with T2D, Metformin-treated patients with T2D and COVID-19 with antibiotic treatment, 

Metformin-treated patients with T2D and COVID-19 without antibiotic treatment, Antibiotic-Treated 

group, and Non-Antibiotic-Treated group. The results showed significant differences among the 

groups for both Shannon H' (χ²=45.3, df=9, p<0.001, ε²=0.381) and Simpson 1/D (χ²=57.3, df=9, p<0.001, 

ε²=0.482) (Figure 3).  

 

Figure 3. Violin plot depicting the distribution of alpha diversity indices (Shannon H' and Simpson 

1/D) among eight groups. 

The Shannon H index did not show any significant differences in alpha-diversity between the 

Delta and Omicron variant groups (W=0.588; p=1.000). The Antibiotic-Treated group had 

significantly lower diversity (W=5.995; p<0.001) compared to the Non-Antibiotic-Treated group. 

However, there was no significant difference in the Shannon H index (p=0.544) between COVID-19 

patients with and without T2D, suggesting that the presence of T2D may not significantly affect 

alpha-diversity in patients with COVID-19 and T2D. 

Significant differences were observed in Shannon H' index (W=5.017, p=0.014) between 

Metformin-treated patients with T2D and COVID-19 with antibiotic treatment and Metformin-

treated patients with T2D and COVID-19 without antibiotic treatment. The DSCF test revealed a 

significant difference in Simpson 1/d (W=5.913; p<0.001) between the Antibiotic-Treated group and 

the Non-Antibiotic-Treated group. The DSCF test also indicated a significant difference in Simpson 

1/d (p=0.006) between Metformin-treated patients with T2D and COVID-19 with antibiotic treatment 

and Metformin-treated patients with T2D and COVID-19 without antibiotic treatment. Furthermore, 

significant differences in Simpson 1/d were observed between COVID-19 patients without T2D and 

those with T2D (W=-5.352; p=0.006) (Figure 4). 
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Figure 4. Heatmap of Dwass-Steel-Critchlow-Fligner (DSCF) post-hoc test p-values for comparison 

of alpha diversity indices among COVID-19 and T2D patient groups and treatments. The p-values are 

color-coded, with higher values displayed in lighter colors and lower values in darker colors. (A- 

Delta variant; B - Omicron variant; C - Antibiotic-Treated group; D- Non-Antibiotic-Treated group; E 

- COVID-19 without T2D; F - COVID-19 with T2D; G - Metformin-treated patients with T2D and 

COVID-19 with antibiotic treatment; H - Metformin-treated patients with T2D and COVID-19 without 

antibiotic treatment). 

3.2. Correlation between Alpha Diversity Indices and Clinical Parameters 

In our study, we conducted a correlation analysis between alpha diversity indices (Shannon H' 

and Simpson 1/D), LoS, CRP, and NLR in our patient population. Spearman rank correlation was 

used to analyze the data, and the results are presented in the correlation matrix. 

The Shannon H' index showed a significant positive correlation with the Simpson 1/D index 

(Spearman's rho = 0.717, p < 0.001). Additionally, there was a significant negative correlation between 

the Shannon H' index and all three clinical variables: LoS (Spearman's rho = -0.563, p < 0.001), CRP (r 

= -0.553, p < 0.001), and NLR (r = -0.519, p < 0.001). The Simpson 1/D index showed a similar negative 

correlation with LoS, CRP, and NLR (Spearman's rho ranged from -0.727 to -0.748, all p < 0.001) 

(Figure 5). 

These findings suggest that decreased alpha diversity is associated with increased LoS, higher 

levels of CRP, and a higher NLR in our patient population. These correlations may provide insight 

into the underlying mechanisms and clinical implications of altered gut microbiota in COVID-19 

patients. 
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Figure 5. Correlation Matrix Analysis of Alpha Diversity Indices, Length of Stay, C-Reactive Protein, 

and Neutrophil-to-Lymphocyte Ratio in COVID-19 Patients. Statistical significance of correlations 

when * p < 0.05 and *** p < 0.005. Grey zones indicate 95% confidence intervals. 

3.3. Binary logistic regression 

A predictive model was developed to estimate the probability of COVID-19 with T2D, 

conditioning on Shannon H' and Simpson 1/D, using binary logistic regression.  𝑃 =  11 + 𝑒ି௭ × 100%, z =  46.959 +  12.787 × Shannon H′ −  5.989 × Simpson 1/D 

Here, P represents the probability of a positive result. The resulting regression model was 

statistically significant (p < 0.001). Based on the Nagelkerke R² value, the model explains 59.1% of the 

observed COVID-19 with T2D variance. When evaluating the dependence of the probability of a 

positive result on the value of the logistic function P using ROC analysis, the resulting curve had an 

area under the ROC curve of 0.880 ± 0.065 with 95% CI: 0.752 - 1.000 (Figure 6). 

 

Figure 6. ROC analysis of a predictive model for estimating COVID-19 probability with T2D based 

on Shannon H' and Simpson 1/D. The sensitivity and specificity for the curve were 73.3% and 100%, 

respectively. The area under the ROC curve comprised 0.880 ± 0.065 with 95% CI: 0.752 - 1.000. The 

resulting model was statistically significant (p < 0.001). 

The resulting model was statistically significant (p < 0.001). The cut-off value of the logistic 

function P, which corresponds to the highest Youden's J statistic, is 0.673. If the value of the logistic 

function P was greater than or equal to this value, a positive result was predicted. The sensitivity and 

specificity of the method were 73.3% and 100.0%, respectively (Figure 7). 
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Figure 7. Sensitivity and Specificity Analysis of COVID-19 with T2D using Logistic Function. 

4. Discussion 

In this study, we investigated alterations in gut microbiota diversity in patients with COVID-19 

and T2D, as well as the potential association between gut microbiota diversity and clinical 

parameters. Our findings indicate that the use of antibiotics and the presence of T2D in COVID-19 

patients may have an impact on gut microbiota diversity, as demonstrated by the significant 

differences in alpha diversity indices observed among the eight groups. Specifically, the Antibiotic-

Treated group had significantly lower diversity compared to the Non-Antibiotic-Treated group, and 

there was no significant difference in the Shannon H index between COVID-19 without T2D and 

COVID-19 with T2D, suggesting that T2D may not significantly affect alpha diversity in COVID-19 

patients with T2D. The findings from our study reveal that there are significant differences in alpha-

diversity (Shannon H) between Metformin-treated patients with T2D and COVID-19 with antibiotic 

treatment and Metformin-treated patients with T2D and COVID-19 without antibiotic treatment. 

Specifically, the alpha-diversity was found to be higher in the group of patients who did not receive 

antibiotic treatment compared to those who did. 

This observation is of significant interest as it suggests that the use of antibiotics may have a 

detrimental effect on the gut microbiome in individuals with T2D and COVID-19 who are being 

treated with Metformin. Previous studies have demonstrated the importance of a healthy gut 

microbiome in regulating glucose metabolism and maintaining overall metabolic health in 

individuals with T2D. Therefore, the observed differences in alpha-diversity between the two groups 

of patients may have important clinical implications. Our findings are consistent with those reported 

by other researchers who have investigated the impact of antibiotics on gut microbiota diversity in 

various patient populations, including COVID-19 patients [14–18]. 

Our study also revealed a significant positive correlation between the Shannon H' and Simpson 

1/D indices and a significant negative correlation between these indices and clinical parameters such 

as LoS, CRP, and NLR in our patient population. These findings suggest that decreased alpha 

diversity is associated with increased LoS, higher levels of CRP, and a higher NLR in our patient 

population. This is in line with previous studies that have reported similar correlations between gut 

microbiota and clinical parameters such as disease severity, inflammation, and immune response in 

various patient populations, including COVID-19 patients [8,19]. Furthermore, our predictive model, 

which estimates the probability of COVID-19 with T2D based on Shannon H' and Simpson 1/D, 

demonstrated good predictive accuracy, with an area under the ROC curve of 0.880. 

Although our study contributes to the growing body of literature on the impact of COVID-19 

and T2D on gut microbiota diversity and the potential association between gut microbiota diversity 

and clinical parameters, there are some limitations to our study. First, our sample size was relatively 

small, which may limit the generalizability of our findings. Second, it is worth noting that the 
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observed differences in alpha-diversity may be influenced by several factors such as diet, age, and 

disease severity, which were not controlled for in our study. Moreover, the study was limited by lack 

of a control group of patients with T2D who did not have COVID-19. 

In conclusion, our study provides evidence for the potential impact of antibiotics and T2D on 

gut microbiota diversity in COVID-19 patients and the potential association between gut microbiota 

diversity and clinical parameters. Our findings may have implications for the development of 

personalized therapeutic strategies for COVID-19 patients with T2D that target the gut microbiota 

[20–25]. 
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