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Abstract: Background and Objectives: The human gut microbiome is essential for the health
of the host and is affected by antibiotics and coronavirus disease 2019 (COVID-19). The gut
microbiome is recognized as a contributing factor in the development of ulcerative colitis.
Specific vitamins and probiotics have been demonstrated to positively influence the micro-
biome by enhancing the prevalence of expected beneficial microorganisms. Materials and
Methods: Forty-nine ulcerative colitis (UC) outpatients from Riga East Clinical University
Hospital were enrolled in this cross-sectional study from June 2021 to December 2021. All
patients were divided into groups based on history of COVID-19 (COVID-19 positive vs.
COVID-19 negative) in the last six months. Information about antibiotic, probiotic, and
vitamin intake were outlined, and faecal samples were collected. The MetaPhlAn v.2.6.0
tool was used for the taxonomic classification of the gut microbiome metagenome data.
Statistical analysis was performed using R 4.2.1. Results: Of the 49 patients enrolled, 31
(63%) were male and 18 (37%) were female. Coronavirus disease 2019 was found in 14
(28.6%) patients in the last 6 months. Verrucomicrobia was statistically significantly lower in
the COVID-19 positive group (M = 0.05; SD = 0.11) compared to the COVID-19 negative
group (M = 0.5; SD = 1.22), p = 0.03. Antibiotic non-users had more Firmicutes in their
microbiome than antibiotic users (p = 0.008). The most used vitamin supplement was
vitamin D (N = 18), fifteen (42.9%) of the patients were COVID-19 negative and 3 (21.4%)
were COVID-19 positive over the last six months (p > 0.05). Vitamin C users had more
Firmicutes in their gut microbiome compared to non-users (Md = 72.8 [IQR: 66.6; 78.7] vs.
Md = 60.1 [IQR: 42.4; 67.7]), p = 0.01. Conclusions: Antibiotic non-users had more Firmicutes
than antibiotic users in their gut microbiome. Only vitamin C had statistically significant
results; in users, more Firmicutes were observed. A mild course of COVID-19 may not
influence ulcerative colitis patients’ gut microbiome.

Keywords: ulcerative colitis; microbiome; probiotics; vitamins; antibiotics; COVID-19

1. Introduction
The human microbiota contains ten times more bacterial cells than human tissue cells,

and there are a hundred times more bacterial genes compared to human genes [1–3]. These
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bacteria are found on all surfaces of the human body, including the gastrointestinal and
respiratory systems. The microbiota serves various roles, including the digestion and
absorption of nutrients, the production of vitamins, and the stimulation, guidance, and
regulation of host immunity. Maintaining gut microbiota balance and its potential antiviral
properties has garnered significant attention. Dysbiosis, an imbalance in gut microbiota, has
been observed in individuals with various gastrointestinal diseases and plays a significant
role in the development of ulcerative colitis. Different factors like antibiotics and COVID-19
can affect gut microbiota [4–8].

Ulcerative colitis is characterized by inflammation of the colon, which can lead to
dysbiosis in the gut microbiota, potentially exacerbating the condition. The pathogenesis
of ulcerative colitis involves a complex immune response against the intestinal microbiota,
influenced by factors such as genetics, environmental factors, and lifestyle choices. The
complete molecular mechanisms are not yet fully understood. The composition of gut
microbiota plays a crucial role in altering the host immune response, which is closely
associated with the development of inflammatory bowel diseases (IBD) [8].

The use of probiotics in UC may help reduce inflammation and improve symptoms,
although their effectiveness can vary based on the specific strains used and the severity
of the disease [3]. Probiotics can help restore this balance, potentially alleviating symp-
toms associated with conditions like inflammatory bowel disease. Probiotics exert their
effects through immunomodulation, the maintenance of epithelial barrier function, and
the modulation of signal transduction pathways. Probiotics can influence the immune
system and reduce inflammation through the modulation of T-helper cell responses and the
regulation of signalling pathways like TLR4/NF-kB. This immune modulation is essential
for managing inflammatory gastrointestinal diseases. These actions can enhance gut health
and improve clinical outcomes in patients suffering from gastrointestinal diseases [9,10].
Many COVID-19 patients present with gastrointestinal symptoms like abdominal pain,
anorexia, and vomiting [5]. Therefore, many researchers propose that gastrointestinal
microbiota homeostasis is changed in COVID-19 patients [6,11]. Severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) might increase the risk of the morbidity and
mortality associated with COVID-19 due to secondary infections in the gastrointestinal
tract [12,13].

Probiotics show antiviral effects, and the use of probiotics has been proposed as a
cost-effective alternative for managing COVID-19, but research is still emerging. Probiotics
are known to enhance the immune response, which may provide some level of protection
against viral infections. A recent meta-analysis indicated that probiotics significantly
reduced the risk of mortality in COVID-19 patients by 60%. They also decreased the
length of hospital stays and recovery times [9]. A systematic review and meta-analysis
indicated that probiotics could shorten the duration of symptoms in COVID-19 patients
and improve gastrointestinal symptoms. However, while probiotics showed benefits in
certain symptoms, no significant improvements were noted for others, such as fever and
headache [10].

Other important factors include vitamins, particularly vitamin D, that have been
linked to immune regulation and may play a role in managing UC symptoms, although
more research is needed to establish definitive benefits [3].

Probiotics may play a role in maintaining balance, potentially impacting the body’s
response to respiratory infections like COVID-19. While specific studies on probiotics and
COVID-19 are limited, the general benefits of probiotics in supporting immune function
suggest they could be beneficial as a complementary approach during viral outbreaks [14].
This study’s aim was to evaluate the possible impact of antibiotic, probiotic, and vitamin
use, as well as history of SARS-CoV-2 infection, on the microbiota of UC patients.
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2. Materials and Methods
2.1. Study Design

Forty-nine ulcerative colitis outpatients from Riga East Clinical University Hospital
were enrolled in this cross-sectional study from June 2021 to December 2021. Patients older
than 18 years old with previously diagnosed UC were included, and all of them signed
informed consent. Exclusion criteria were other inflammatory bowel diseases and/or a
history of malignant tumours (colon or other). All patients were divided into groups based
on history of confirmed SARS-CoV-2 infection (COVID-19 positive vs. COVID-19 negative)
in the last 6 months. During an interview, data on vitamin, probiotic, and antibiotic use
were collected. Faecal samples were collected from all patients.

Ethical approval for this study was obtained from the Riga East Clinical University
Hospital Medical and Biomedical Research Ethical Committee (No. 14/2021). The study
adheres to the principles stated in the ‘Declaration of Helsinki’.

2.2. Sample Collection and and Metagenomic Analysis

Stool samples were collected in two aliquots by participants at home, using sterile
collection tubes without buffer, and within 24 h were delivered to the closest clinical or
research laboratory where samples were frozen at −80 ◦C. Microbial DNA extraction from
stool samples was performed using the MGISP-960 Automated Sample Preparation System
(MGI Tech Co., Ltd., Wuhan, China) and MagPure Stool DNA LQ Kit (Angen Biotech Co.,
Ltd., Guangzhou, China). MGIEasy Universal DNA Library Prep Set (MGI Tech Co., Ltd.,
Wuhan, China) was used for DNA library preparation according to the manufacturer’s
instructions, and the following sequencing was done with the DNBSEQ-G400RS sequencing
platform using DNBSEQ-G400RS High-throughput Sequencing Set (PE 150) (both from
MGI Tech Co., Ltd., Shenzhen, China), providing 150 bp paired-end sequencing reads and
obtaining ~30 M reads per sample. For the taxonomical classification of the gut microbiome
metagenome data, the MetaPhlAn v.2.6.0 tool was used.

2.3. Statistical Analysis

Statistical analyses were performed using R software, version 4.2.1 (R Core Team,
2022, R Foundation for Statistical Computing, Vienna, Austria). Categorical data were
summarized as counts (N) and percentages (%). A binomial test was used to evaluate
differences between two categorical proportions. Pearson’s chi-square test was applied to
analyse independent groups when expected frequencies exceeded five, while Fisher’s exact
test was utilized for smaller expected frequencies. Odds ratios (OR) were derived for 2 × 2
contingency tables. The Shapiro-Wilk test assessed whether continuous variables followed
a normal distribution. Normally distributed variables were described using the mean (M)
and standard deviation (SD), while non-normally distributed variables were expressed as
the median (Md) and interquartile range (Q1–Q3). To compare two independent samples,
the Student’s t-test was employed for normally distributed data; otherwise, the Mann–
Whitney U test was used. For comparisons involving three or more groups, analysis of
variance (ANOVA) was conducted, with Bonferroni post hoc testing performed if the
ANOVA yielded a significant result (p < 0.05). Non-parametric comparisons for multiple
groups were conducted using the Kruskal–Wallis test. Pearson’s correlation coefficient (r)
quantified relationships between normally distributed variables, while Spearman’s rank
correlation coefficient (rs) was used for non-normally distributed data. Correlation strength
was interpreted as weak (<0.3), moderate (0.3–0.7), or strong (>0.7). Linear regression was
employed to examine associations between two quantitative variables, with 95% confidence
intervals (CIs) provided to measure parameter precision. Statistical significance was defined
as p < 0.05 across all tests.
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3. Results
Overall, 49 patients participated in the study. Thirty-one (63%) patients were male and

18 (37%) were female. The median age was 38 years old [IQR: 34; 51]. Based on bacteria
phyla analysis, a statistically significant positive correlation between age and amount of
Proteobacteria was found (rs = 0.47; p < 0.01) (Figure 1).
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Figure 1. Relationship between Age (years) and Proteobacteria abundance. The blue line represents
the fitted regression line showing the trend of Proteobacteria abundance with increasing age. The
shaded gray area represents the 95% confidence interval of the regression line. Individual gray dots
represent data points for Proteobacteria abundance for each individual. Histograms at the top and
right indicate the distribution of Age (years) and Proteobacteria abundance, respectively.

Fourteen patients (28.6%) had a history of SARS-CoV-2 infection. Analysing gut
microbiota and COVID-19 status, we found Verrucomicrobia to be statistically significantly
lower in the COVID-19 positive group (M = 0.05; SD = 0.11) compared to the COVID-19
negative group (M = 0.5; SD = 1.22), p = 0.03. (Table 1).

Table 1. COVID-19 status and microbiota composition *.

COVID-19 Negative, N = 35 COVID-19 Positive, N = 14 OR (95% CI) p Value

Bacteria_Actinobacteria, M (SD) 12.3 (12.2) 10.9 (9.10) 0.99 [0.93; 1.05] 0.67

Bacteria_Bacteroidetes, M (SD) 23.6 (15.5) 23.3 (18.4) 1.00 [0.96; 1.04] 0.94

Bacteria_Firmicutes, M (SD) 57.6 (16.5) 60.9 (20.1) 1.01 [0.97; 1.05] 0.58

Bacteria_Proteobacteria, M (SD) 4.79 (9.55) 3.27 (4.60) 0.97 [0.89; 1.07] 0.46

Bacteria_Verrucomicrobia, M (SD) 0.50 (1.22) 0.05 (0.11) 0.35 [0.04; 3.14] 0.03

* For data analysis, mean values were used, as median is not representative in this case.

3.1. Vitamin Use and Microbiota

The most used vitamin supplements were vitamin D and vitamin C. Of the 18 (64.3%)
vitamin D users, 3 (21.4%) were COVID-19 positive. Vitamin C was used by 7 (32.8%)
patients, of whom 3 (21.4%) were COVID-19 positive, p > 0.5. Vitamin B was less frequently
used, by only two patients (10%), of whom one was COVID-19 positive (Figure 2).
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No statistically significant differences in microbiota composition were found between
the patients who used vitamin B and D supplements and those who did not use them
(Table 2).

Table 2. Vitamin D use and microbiota composition.

Vitamin D Non-Users (N = 31) Vitamin D Users (N = 18) p Value

Acidobacteria, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.67

Actinobacteria, Md [Q1; Q3] 9.77 [4.02; 15.3] 9.90 [4.79; 12.3] 0.82

Bacteroidetes, Md [Q1; Q3] 21.3 [9.62; 35.2] 18.7 [9.07; 35.0] 0.46

Candidatus Saccharibacteria, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.17

Chlamydiae, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.18

Chlorobi, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.71

Deinococcus Thermus, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.57

Firmicutes, Md [Q1; Q3] 62.0 [48.1; 68.0] 65.4 [53.0; 71.8] 0.43

Proteobacteria, Md [Q1; Q3] 2.19 [0.62; 4.79] 1.12 [0.82; 1.50] 0.26

Verrucomicrobia, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.11] 0.48

The study included patients with known COVID-19 status (positive or negative within the last six months), but
this is not reflected in the grouping of this table.

Vitamin C users had a statistically significantly higher abundance of Firmicutes in their
gut microbiome compared to non-users (Md = 72.8 [IQR: 66.6–78.7] vs. Md = 60.1 [IQR:
42.4–67.7], p = 0.01) (Table 3).

Table 3. Vitamin C use and microbiota composition.

Vitamin C Non-Users (N = 42) Vitamin C Users (N = 7) p Value

Acidobacteria, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.56

Actinobacteria, Md [Q1; Q3] 10.9 [4.16; 15.4] 9.43 [5.33; 9.90] 0.23

Bacteroidetes, Md [Q1; Q3] 21.6 [9.55; 35.8] 12.0 [7.68; 27.1] 0.27

The study included patients with known COVID-19 status (positive or negative within the last six months), but
this is not reflected in the grouping of this table.
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Table 3. Cont.

Vitamin C Non-Users (N = 42) Vitamin C Users (N = 7) p Value

Candidatus Saccharibacteria, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.47

Chlamydiae, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.68

Chlorobi, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.56

Deinococcus Thermus, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.4

Firmicutes, Md [Q1; Q3] 60.1 [42.4; 67.7] 72.8 [66.6; 78.7] 0.01

Proteobacteria, Md [Q1; Q3] 1.52 [0.71; 4.73] 1.19 [0.82; 1.37] 0.34

Verrucomicrobia, Md [Q1; Q3] 0.00 [0.00; 0.07] 0.00 [0.00; 0.05] 0.86

The study included patients with known COVID-19 status (positive or negative within the last six months), but
this is not reflected in the grouping of this table.

3.2. Antibiotic Use and Microbiota

Only four (11.4%) patients had used antibiotics in the last month before enrolment
in the study; of them, three continued their use at the time of faecal sample collection.
The prescribed antibiotics were amoxicillin (N = 2), amoxicillin/clavulanic acid (N = 1),
and metronidazole (N = 1). Patients who were using antibiotics at the time of faecal
sample collection had statistically significantly less Actinobacteria in their gut microbiome
than non-users (Md = 2.05 [IQR: 1.35; 2.80] vs. Md = 10.1 [IQR: 5.00; 15.2], p = 0.01) and
more Bacteroidetes (Md = 42.2 [IQR: 41.4; 52.3] vs. Md = 19.6 [IQR: 9.27; 31.3], p = 0.017)
(Figures 3 and 4). No other statistically significant differences in microbiota were found.

Patients who had used antibiotics in the last month had statistically significantly less
Firmicutes than non-users (Md = 31.5 [IQR: 25.5; 39.8] vs. Md = 64.8 [IQR: 52.3; 69.4],
p = 0.008), with no other statistically significant differences in microbiota (Table 4).
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Figure 3. Boxplot showing the distribution of Actinobacteria abundance between antibiotic non-users
and antibiotic users. The horizontal line within each box represents the median, and the box indicates
the interquartile range (IQR). Whiskers extend to 1.5 times the IQR. Individual dots represent outliers,
defined as values that fall outside 1.5 times the IQR above or below the box. The p-value (0.011)
indicates a significant difference in Actinobacteria abundance between the two groups.
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Did Not Use Antibiotics (N = 45) Used Antibiotics (N = 4) p Value

Acidobacteria, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.67

Actinobacteria, Md [Q1; Q3] 9.72 [4.08; 13.7] 17.1 [11.6; 30.8] 0.27

Bacteroidetes, Md [Q1; Q3] 19.7 [9.33; 34.6] 34.4 [20.3; 48.2] 0.32

Candidatus Saccharibacteria, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.59

Chlamydiae, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.76

Chlorobi, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.67

Deinococcus Thermus, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.53

Bacteria_Firmicutes, Md [Q1; Q3] 64.8 [52.3; 69.4] 31.5 [25.5; 39.8] 0.008

Proteobacteria, Md [Q1; Q3] 1.32 [0.82; 4.03] 2.77 [0.53; 8.63] 1.000

Verrucomicrobia, Md [Q1; Q3] 0.00 [0.00; 0.08] 0.00 [0.00; 0.09] 0.59

The study included patients with known COVID-19 status (positive or negative within the last six months), but
this is not reflected in the grouping of this table.

3.3. Probiotic Use and Microbiota

Out of 49 patients, 9 (18.4%) had used probiotics in the last month before enrolment
in the study and 3 (6.12%) continued their use of probiotics at the time of faecal sample
collection. The most used probiotics were Saccharomyces boulardii (N = 4, 15.24%) and a
preparation containing Enterococcus faecium, Lactobacillus acidophilus and Bifidobacterium
infantis (N = 2, 6.45%). No statistically significant difference in microbiota composition was
found between patients who used probiotics recently or were using them at the time of
sample collection, and non-users (Table 5).

Table 5. Probiotic use in the last month and microbiota composition.

Probiotic Non-Users (N = 40) Probiotic Users (N = 9) p Value

Acidobacteria, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.49

Actinobacteria, Md [Q1; Q3] 9.17 [3.71; 15.2] 10.7 [9.43; 12.4] 0.40



Medicina 2025, 61, 284 8 of 15

Table 5. Cont.

Probiotic Non-Users (N = 40) Probiotic Users (N = 9) p Value

Bacteroidetes, Md [Q1; Q3] 20.4 [9.10; 35.8] 23.4 [17.8; 25.5] 0.38

Candidatus Saccharibacteria, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.45

Chlamydiae, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.03

Chlorobi, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.49

Deinococcus Thermus, Md [Q1; Q3] 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 0.32

Firmicutes, Md [Q1; Q3] 62.2 [49.0; 68.9] 64.6 [50.6; 69.4] 0.97

Proteobacteria, Md [Q1; Q3] 1.48 [0.81; 4.62] 1.19 [0.54; 4.03] 0.47

Verrucomicrobia, Md [Q1; Q3] 0.00 [0.00; 0.06] 0.00 [0.00; 0.12] 0.87

The study included patients with known COVID-19 status (positive or negative within the last six months), but
this is not reflected in the grouping of this table.

4. Discussion
The comparison of healthy individuals versus those infected with COVID-19 has

garnered significant attention in recent years, including the impact of supplementation
with vitamin C, D, and probiotics; however, current data remain inadequate to substantiate
definitive guidelines regarding the utilization of vitamins or other dietary supplements for
the prevention or treatment of COVID-19. Furthermore, it is emphasized that SARS-CoV-2
exerts notable effects on the gut microbiome in both mild and severe cases of COVID-19.
Julia S. Galeeva et al. highlights the impacts of SARS-CoV-2 on the gut microbiome among
both mild and severe COVID-19 patients without other comorbidities. Differences in alpha
and beta diversity in the gut microbiota of mild and severe COVID-19 patients were not
statistically significant [15]. However, research comparing patients with different COVID-
19 severity levels differs [12,16–18]. We did not find statistically significant microbiome
differences in COVID-19 positive and negative UC patients.

In patients suffering from ulcerative colitis, the microbiome exhibits distinct alterations
when juxtaposed with that of the healthy population. This dysbiosis is believed to stem
from a decline in gram-positive Firmicutes, particularly with Clostridium clusters IV and
XIVa, alongside an increase in various members of the Proteobacteria phylum, notably
Escherichia coli and Enterobacteriaceae. Other bacterial species have also been implicated in
UC pathology, including a reduction in the butyrate-producing Faecalibacterium prausnitzii,
which possesses anti-inflammatory properties, and the mucosa-associated Ruminococcus
species, which may contribute to the maintenance of mucosal barrier integrity [19]. A
cross-sectional study conducted by Varela et al. posited that the abundance of F. prausnitzii
was markedly increased during the remission phase of UC, suggesting its potential role in
the therapeutic management of ulcerative colitis [20].

4.1. Microbiota and COVID-19

The respiratory and gastrointestinal tracts serve as the primary habitats of the human
microbiota and are key targets for SARS-CoV-2 infection [21]. Recent findings indicate
significant alterations in the microbiota of COVID-19 patients [22]. A metagenomics analy-
sis conducted on 15 COVID-19 patients hospitalized in Hong Kong revealed a reduction
in beneficial commensal bacteria within their faecal microbiomes, accompanied by an
increase in opportunistic pathogens. In contrast to the gut microbiomes of healthy persons,
the gut microbiomes of COVID-19 patients exhibited diminished levels of bacteria such
as Lachnospiraceae, Roseburia, Eubacterium, and Faecalibacterium prausnitzii. Notably,
Fusicatenibacter showed a markedly reduced prevalence in severe cases and was com-
pletely absent in patients who succumbed to the illness [16]. Although there exists a strong
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correlation between gut bacterial composition and disease severity, the causal relationship
between these factors remains ambiguous [16,23].

Metabolites derived from gut microbiota are critical mediators of host–microbiota
interactions, significantly influencing host immunity [24]. Among these metabolites are
short-chain fatty acids (SCFAs), which are produced by various bacterial groups. SCFAs
encompass acetate (50–70%; synthesized by numerous bacterial taxa), propionate (10–20%;
generated primarily by Bacteroidetes and certain Firmicutes), and butyrate (10–40%; pro-
duced by select Clostridia) [24,25]. SCFAs play a pivotal role in modulating B cell-mediated
immune responses in both gut and systemic tissues. Consequently, SCFAs produced
by gut microbiota may facilitate anti-SARS-CoV-2 antibody production and mitigate the
progression of COVID-19. Research by Zhang et al. indicated that the gut microbiome
of COVID-19 patients exhibited impaired SCFA production capabilities, persisting even
after the resolution of the disease [26]. Several gut commensals known for their im-
munomodulatory properties, including Faecalibacterium prausnitzii, Eubacterium rectale,
and Bifidobacteria, were found to be underrepresented in COVID-19 patients, remaining
low post-recovery [13,27]. At the phylum level, Bacteroidetes were found to be relatively
more abundant in COVID-19 patients [13,23] compared to non-COVID-19 individuals,
whereas Actinobacteria were more prevalent in the latter group [13]. The existing literature
suggests that the gut microbiota may remain significantly altered following recovery from
COVID-19 [12,13,28]. In our analysis of gut microbiota in patients who had experienced
COVID-19 infection within the preceding six months of faecal sample collection, we ob-
served an underrepresentation of Verrucomicrobia in COVID-19 positive patients relative to
their COVID-19 negative counterparts. However, conflicting data have emerged from other
studies. Dorota Mańkowska-Wierzbicka et al. included subjects with a mild COVID-19
course, revealing a higher abundance of the phylum Verrucomicrobia in COVID-19 patients
compared to healthy subjects [15,29,30].

4.2. Microbiota and Vitamins

Research indicates that high doses of vitamins, particularly when delivered to the large
intestine, can positively influence the gut microbiome. This influence manifests through
an increase in the prevalence of beneficial commensal bacteria (vitamins A, B2, D, E, and
beta-carotene); the enhancement or preservation of microbial diversity (vitamins A, B2, B3,
C, K); the enrichment of microbial richness attributed to vitamin D; increasing short chain
fatty acid production (vitamin C); and an increase in SCFA-producing bacteria linked to
vitamins B2 and E [31].

Within the human gut microbiome, the dominant bacterial phyla are Firmicutes and
Bacteroidetes. The ratio of Firmicutes to Bacteroidetes is thought to play a crucial role
in maintaining intestinal homeostasis and overall health, influencing conditions such
as obesity, diabetes, and inflammatory bowel disease (IBD) [32]. However, the exact
implications of this ratio remain a subject of ongoing debate. Additionally, B vitamins
are synthesized by the gut microbiome, and such biosynthesis has been shown to vary
according to the host’s health status. Diminished intrinsic production of these vitamins
has been observed in individuals with IBD, malnutrition, and metabolic disorders, such as
type 2 diabetes mellitus [31,33].

In a study conducted by Harmsen et al. [34], participants who received a high dosage
of vitamin B2 (100 mg) over a two-week period exhibited an increase in the count of Faecal-
ibacterium prausnitzii per gram of faeces during the supplementation phase, followed by a
decrease post-supplementation, although levels did not revert to baseline. Faecalibacterium
prausnitzii has garnered attention as the primary butyrate producer in the human micro-
biome, recognised for its anti-inflammatory properties and its role in enhancing gut barrier
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integrity [31,33]. This study also noted an increase in the Roseburia species and a decrease
in Escherichia coli, indicating improved anaerobic conditions and redox status within the
gut [31]. Furthermore, research by Pham et al. revealed that vitamin B2 supplementation
led to an increased diversity of gut species, particularly within the genera Alistipes and
Clostridium [31,35].

Vitamin B2 may act as an indirect antioxidant, potentially altering luminal microbiome
conditions by reducing luminal reactive oxygen species, thereby fostering a microbiome
composition that favours Faecalibacterium prausnitzii while diminishing Escherichia coli.
The relative increase in Faecalibacterium prausnitzii against Escherichia coli could coun-
teract pro-inflammatory mechanisms, suggesting potential therapeutic applications in
IBD [31]. However, our study had limitations due to the small number of participants
using vitamin B supplements, which precluded the attainment of statistically significant
microbiome evaluations.

Vitamin C has demonstrated in vitro antimicrobial properties against a variety of
bacterial, fungal, and viral pathogens, suggesting its potential role in modulating intestinal
microbial communities [36].

A daily dosage of 500 mg per day for four weeks, as reported by Pham et al., did
not yield significant alterations in bacterial composition at the genus or species level.
However, there was an observed increase in total SCFA, particularly butyric and propionic
acids, following supplementation. No changes in the Bacteroidetes composition were
noted with vitamin C treatment [37]. Speculation exists regarding the influence of vitamin
C on IBD phenotypes through immune response modulation, yet no correlation was
identified between dietary vitamin C and the incidence of ulcerative colitis in participants
in the European Prospective Investigation into Cancer and Nutrition (EPIC-Europe) study.
Similarly, Buffinton and colleagues reported diminished ascorbate levels in the inflamed
mucosa of patients with IBD [31].

In our study, we did not gather data on the dosage of vitamins used, though we
found that vitamin C users had statistically significantly more Firmicutes in their gut mi-
crobiome. Notably, another study indicated that the combination of vitamin B and vitamin
C supplementation resulted in an increase in Firmicutes and a decreased Bacteroidetes [38].

Vitamin D deficiency has been linked to various gastrointestinal tract disorders, in-
cluding IBD. Recent studies have begun to explore the interactions between vitamin D, its
receptor (VDR), the gut microbiome, and inflammation [38,39].

Numerous observational and interventional studies have indicated associations be-
tween vitamin D and microbiome composition. Vitamin D supplementation has been
shown to induce changes in the faecal microbiome at both the family and species level,
including increases in Coriobacteriaceae, decreases in Desulfovibrionaceae, and an ele-
vation of Streptococcus salivarius and Bifidobacterium longum. It is posited that these
effects may be partially mediated by the VDR gene, a critical host factor influencing the
gut microbiome at the genetic level [35,39]. An open-label pilot study assessing high-dose
oral vitamin D supplementation found no significant changes in microbiome composition
within the lower gastrointestinal tract or stool samples [40].

A cross-sectional study involving 150 healthy adults examined the relationships be-
tween dietary intake of vitamin D3 and circulating 25(OH)D with gut microbiota and
inflammatory markers. Participants with the highest vitamin D intake displayed a greater
abundance of Prevotella, while Haemophilus and Veillonella were less prevalent [41].

In a randomized, placebo-controlled trial involving 26 overweight or obese, yet other-
wise healthy, individuals with vitamin D deficiency, a loading dose of 100,000 IU vitamin
D3 followed by 4000 IU daily for 15 weeks resulted in notable changes within the faecal
microbiome. The vitamin D-supplemented group exhibited increased levels of Lachnospira
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and decreased levels of Blautia. Deficient individuals showed a higher abundance of the
Clostridiaceae family and Ruminococcus genus, whereas those with sufficient vitamin D
levels had an increased proportion of Coprococcus species, especially Coproccous eutac-
tus [42]. Collectively, these studies suggest a modulatory role for vitamin D in the gut
microbiome, albeit consistent microbiome alterations across studies remain elusive, with
broad trends such as increases in the Bacteroides phylum observed primarily in mouse
models [43].

A notable association between vitamin D and IBD has emerged, highlighting a high
prevalence of vitamin D deficiency in IBD patients, which correlates with an increased risk
of surgery and hospitalization related to IBD [44,45].

Additionally, several studies have investigated the effect of vitamin D supplementation
on disease relapse or symptomatology in patients with ulcerative colitis [46,47]. Three
mechanisms have been proposed to elucidate the impact of vitamin D on IBD: (1) the
modulation of the immune response, particularly through reduced VDR signalling; (2) the
enhancement of intestinal epithelial barrier function; and (3) the regulation of gut microbial
composition via antimicrobial peptide secretion or direct immune-modulating effects [38].

In our study, we analysed outpatients who previously experienced mild COVID-19
symptoms and did not require hospitalization. We did not observe statistically significant
differences in gut microbiota concerning vitamin D usage, nor were there notable differences
between the COVID-19 positive and negative groups.

4.3. Antibacterial Treatment and Microbiome

In previously mentioned studies, antibiotics were mainly used to treat severe
COVID-19 and its complications. As mentioned before, our respondents had mild COVID-
19 symptoms and were not hospitalized for this reason. We did not analyse the exact reason
for the use of antibacterial treatment. In our study, patients who were using antibiotics at
the time of faecal sample collection had statistically significantly less Actinobacteria in their
gut microbiome than non-users and more Bacteroidetes than non-users, in comparison
with other studies, where Bacteroides decreased after amoxicillin intake and were slower to
recover [48,49]. Patients who had been administered antibiotics in the month preceding the
collection of faecal samples exhibited a statistically significant reduction in Firmicutes, as
corroborated by findings in previous studies [49,50]. Otherwise, there were no statistically
significant changes in microbiota between antibiotic users and non-users.

4.4. Probiotics and Microbiome

Over the past two decades, numerous publications have investigated the role of probi-
otics in the management of IBD. One promising approach for the prevention and treatment
of IBD involves the modulation of the gut microbiota using probiotics, such as bifidobac-
teria [51,52]. Probiotics exert their effects against intestinal disorders through a variety of
mechanisms, including colonisation, which enhances their therapeutic efficacy. They gener-
ate inhibitory compounds such as organic acids, fatty acids, hydrogen peroxide, SCFAs,
and bacteriocin-like substances that impede the growth of pathogenic organisms [53].

Supplementation of B. longum and B. breve strains in UC has been linked to reduced
disease activity, decreased endoscopic inflammation, and notable anti-inflammatory effects.
While bifidobacteria are recognised as key beneficial microorganisms within the human
intestinal microbiota and have been extensively studied for their probiotic applications in
IBD, the natural prevalence of bifidobacteria within the microbiota of individuals with IBD
remains inadequately characterized [54]. We did not find statistically significant differences
in gut microbiota depending on probiotic use.
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4.5. Limitations

In this study, we analysed only ulcerative colitis patients—a population with specific
gut microbiota profiles. The study is ongoing, and the patient sample size is increased and
includes a control group in further studies and analyses. Additionally, we included patients
with history of mild COVID-19 that did not require hospital admission. The quantity,
duration, and reasons for supplement use in individuals should be investigated.

5. Conclusions
In ulcerative colitis patients, microbiome changes were detected if antibiotics had

been used at the time of faecal sample collection or in the last month; less Firmicutes and
more Bacteroidetes were detected. Vitamin C supplement users’ microbiomes had more
Firmicutes than non-users’. A mild course of coronavirus disease 2019 (COVID-19) may
not influence ulcerative colitis patients’ gut microbiome, though Verrucomicrobia were
underrepresented in COVID-19 positive patients, but more data are needed. The gut
microbiome contributes to the pathogenesis of ulcerative colitis, and it is important to
understand how vitamins and probiotics can modulate the microbiome and interact with
inflammatory bowel disease pathogenesis. Given the high heterogeneity of gut microbiota
composition in human populations, we anticipate that a larger sample size will yield more
precise and meaningful results.
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