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SUMMARY Multiple sclerosis is a chronic autoimmune-mediated neurodegenerative disease
with no cure leading to physical disability and cognitive impairment. Eczema patients often
have an altered gut microbiota and increased susceptibility to autoimmune illnesses such as
multiple sclerosis. In addition, these patients with multiple sclerosis and eczema are generally
burdened with taking a higher number of medications, which can impact gut microbial
diversity. However, the impact of eczema on multiple sclerosis and corresponding medication
intake in treatment has yet to be fully established. Here, we investigate gut microbiome
composition in multiple sclerosis patients and healthy controls with and without eczema that
take varying medication types. QIIME2 was utilised to process 16S rRNA gut microbiome
sequences from the International Multiple Sclerosis Microbiome Study prior to analyses on
alpha and beta diversity, core microbiome, and indicator species with R. Interestingly,
significant differences in beta diversity between multiple sclerosis patients and healthy
controls were only observed if patients did not have eczema. Similarly, significant beta
diversity differences between patients taking or not taking over-the-counter medication were
only observed if patients did not have eczema. Eczema was concluded to potentially mask the
effects of multiple sclerosis and over-the-counter medication use, creating a mediating effect
on the gut microbiome. Indicator taxa analysis of multiple sclerosis patients reveals 28
indicator species for eczema, suggesting a unique gut microbial community in eczema
patients. This suggests that additional consideration should be taken when deciding treatment
courses for multiple sclerosis patients with and without eczema.

INTRODUCTION

M ultiple sclerosis (MS) is a chronic neurodegenerative disease of the central nervous
system where autoimmunity and focal inflammation result in demyelination and
axonal transection (1). Currently, there is no cure for MS due to the disease's

complexity and dynamics (1). Existing treatments only reduce disease activity and

progression but do not provide a cure. (2). Mechanisms underlying the development and
pathogenesis mechanisms of MS have yet to be fully elucidated prompting interest in
understanding lifestyle and environmental factors that shape this disease (3). Several
investigations have demonstrated that the gut microbiome can impact neuroinflammatory
disease, driving interest in understanding how specific microbiota compositions may affect

the development and course of MS (4-12).

Previous work on the association between the gut microbiome and MS performed by the
International Multiple Sclerosis Microbiome Study (iMSMS) revealed MS patients had an
increase in bacteria exerting pro-inflammatory effects on T cells, elevation of specific taxa
that facilitate molecular mimicry, and depletion of potentially beneficial bacteria resulting in
perturbation of key metabolic pathways (13). A closer examination of the analysis performed
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on the iMSMS microbiota dataset and existing work in the literature revealed limited
investigations on the impact of atopic dermatitis (eczema) and healthy controls on gut
microbial composition in MS patients who take different classes of medications (prescription
vs. over-the-counter; OTC).

Eczema and various medications have been observed to cause diverse and varying
impacts on microbiota composition, with gut dysbiosis serving as a central factor in
generating pro-inflammatory T cells and auto-antigen specific lymphocytes (7, 14, 15).
Eczema may increase susceptibility to autoimmune disease and mediation consumption
associated with eczema can result in loss of homeostasis, perpetuating inflammation (16-22).
Treatment of eczema in patients with MS is difficult, particularly in the case of ongoing
immunosuppressive treatment that contraindicates the treatment of eczema (23-27). MS and
eczema patients are often burdened with polypharmacy, involving the use of multiple
medications, which contributes to altered gut microbial diversity (26-32). Furthermore,
aggressive prescription medications can more drastically perturb the gut microbiome
resulting in dysbiosis, microbial translocation and epithelial damage (21-23, 33). Previous in
vitro characterization has also shown that acetaminophen (Tylenol®), the most common OTC
medication, did not negatively impact the bacterial growth of common gut species (34). Thus,
we aimed to examine the impact of eczema on MS patients, both those taking or not taking
OTC medication, as we expect eczema to differentially impact patients' gut microbiome,
which in turn could influence MS outcomes (22, 35).

With the microbiome mediating many factors that influence the outcomes of MS patients,
we aimed to investigate how eczema influences the gut microbiota compositions of healthy
individuals and those with MS who take different classes of medications. Our work has the
potential to contribute to a better understanding of the interplay between skin conditions,
microbiome health, and potential MS therapeutic interventions. This research characterizes
specific microbial communities in MS patients, and highlights additional factors to consider
when devising treatment plans for MS patients both with and without eczema.

METHODS AND MATERIALS

Dataset overview. The dataset utilised in this study was generated by the International
Multiple Sclerosis Microbiome Study (iMSMS) Consortium (13). Patients were recruited
through MS clinics at UCSF (San Francisco, CA), Brigham and Women’s Hospital (Boston,
MA), Mount Sinai (New York, NY), the Anne Rowling Clinic (Edinburgh, UK), University
of Pittsburgh (Pittsburgh, PA), Biodonostia Health Research Institute (San Sebastidn, Spain)
and FLENI (Buenos Aires, Argentina). A total of 576 MS patients and their corresponding
healthy household control (HHCs) recruited into two cohorts. Cohort 1 had 128 sets of MS
and control pairs, and Cohort 2 had 448 sets. Participants with diagnosed MS and an unrelated
household control that they had cohabited with for a minimum of 6 months were eligible for
inclusion. Participants were also required to be of White ethnicity (Hispanic or non-Hispanic)
to match the characteristic genetic risk profile of MS (13). Individuals were excluded if they
had been prescribed oral antibiotics in the preceding 3 months, corticosteroids in the past 30
days, were on disease modifying therapies (DMT) for less than 3 months or had any other
autoimmune disorders, neurological disorders, or gastrointestinal infections.

Study Cohort. Only individuals in Cohort 2 who had never smoked were included in this
study to control for confounding variables. A new metadata category “ms_and _eczema” was
created in preparation for downstream analyses. All metadata manipulation and analyses
performed with R in RStudio (version 4.2.2) can be found in the supplemental R script
(RScript).

Dataset processing using the QIIME?2 pipeline. The modified metadata was imported into
QIIME2 along with the modified manifest file for data processing (36). All sequences were
demultiplexed and denoised using the Diverse Amplicon Denoising Algorithm 2 (DADA?2)
open-source software package developed by Callahan et al. (13, 37). Trimming was not
necessary as the quality score of all nucleotides was over 30. The Silva 138-99 classifier
dataset  (3840) was trained using V4  primer sequences (forward:
GTGCCAGCMGCCGCGGTAA, reverse: GGACTACHVGGGTWTCTAAT) with a
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truncation length of 151 (41). The denoised ASVs were then aligned to taxonomic
information using the trained classifier and filtered to remove nonbacterial mitochondria and
chloroplast sequences. The rarefaction depth was determined using the MS & eczema
category in the modified metadata. The sampling depth was set to 8788 to retain all 25 of the
control and eczema samples as well as the 19 MS and eczema samples. Additional details
regarding data processing performed can be found in the supplemental QIIME2 script
(ShellScript).

Data processing in R/RStudio. Processed data were exported for further analysis and
converted to Phyloseq objects in R using the Phyloseq package (42). Samples were then
filtered for individuals between the ages of 20 and 50 as this is the most common age range
for MS onset (43).

Alpha and beta diversity analyses. Alpha and beta diversity analyses were conducted on
R/RStudio using the Tidyverse, Vegan, Ape, and Phyloseq packages (42, 44—46). Shannon
and observed features diversity metrics were visualised as boxplots using ggplot2 as a metric
of alpha diversity (47). Statistical analyses were performed using the Wilcoxon rank-sum test
with p-values equal or less than 0.05 representing statistical significance. Beta diversity
analyses were conducted using Bray and Jaccard diversity metrics and visualised as principal
coordinates analysis (PCoA) plots, showing the percentage of total variance on each axis.
Statistical analyses were conducted using the permutational multivariate analysis of variance
(PERMANOVA) test with p-values equal or less than 0.05 representing statistical
significance. All diversity analyses performed can be found in the supplemental R script
(RScript).

Core microbiome analysis. Core microbiome analysis was performed using the Tidyverse,
Phyloseq, Microbiome, Ggvenn, RColorBrewer, Reshape2, Ggplot2, and Knitr packages in
R/RStudio (42, 44, 47-52). The Phyloseq object was subsetted for MS patients with and
without eczema to compare microbiome differences between OTC medication usage in each
group. To balance selectivity and maintain a sufficient core taxa pool, a detection threshold
0f 0.001 and 0.50 minimum prevalence parameters was applied. Core microbiome taxa were
identified for the following subsets—MS patients without eczema taking and not taking OTC,
and MS patients with eczema taking and not taking OTC. Shared and distinct core taxa for
these subsets were visualised using Venn diagrams.

Indicator species analysis. Indicator species analysis was performed using the Indicspecies,
Tidyverse and Phyloseq packages in R/RStudio. Taxonomic groups significantly associated
with MS patients with eczema, and MS patients taking OTC medication were identified (42,
44, 53). The Phyloseq object was transformed into compositional relative abundance and
grouped at the genus level to be used as predictors within the multipatt function for analysis.
Species were filtered for significance with a p-value equal to or less than 0.05.

RESULTS

The effect of MS on microbial diversity is only apparent in patients without eczema.
To investigate differences in microbial diversity associated with MS (healthy control and MS)
and eczema status, we conducted alpha (observed taxa and Shannon diversity) and beta (Bray-
Curtis and Jaccard) diversity analyses. Beta diversity analyses using Bray-Curtis and Jaccard
metrics reveal distinct clustering based on eczema status when visualised by PCoA plot
(Figure 1). MS status affects microbial diversity only in non-eczema patients when
characterised using the Bray-Curtis and Jaccard dissimilarity index (Figure 1). This suggests
that microbial diversity differences attributed to disease status are only visible in individuals
without eczema. Notably, no significant alpha diversity differences are linked to disease or
eczema status (Figure S1). The observed features and Shannon diversity metrics in alpha
diversity evaluates richness, and richness plus abundance respectively. This is analogous to
the Jaccard index and Bray-Curtis metrics for beta diversity, which also considers community
composition differences across groups. Hence, the microbial diversity differences in Jaccard
and Bray-Curtis metrics indicate that MS induces alterations in the richness and abundance
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of taxa, resulting in a distinct diversity profile that significantly differs from that of healthy
individuals. However, the impact of microbiome changes due to eczema confounds this
effect.

Bray-Curtis method: Jaccard method:
A Y B
MS vs Control, eczema group: p = 0.396 MS vs Control, eczema group: p = 0.477
MS vs Control, no eczema group: p = 0.006 MS vs Control, no eczema group: p = 0.004
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FIG. 1 MS affected gut microbial diversity in patients without eczema. PCoA plot visualising
beta microbial diversity using the (A) Bray-Curtis and (B) Jaccard metrics with corresponding p-

values. Statistical analysis was performed using the PERMANOVA test.

Medication class has no significant impact on microbial diversity in MS patients. To
investigate if the medication class (prescription and OTC medication) impacts the microbial
diversity of MS patients, alpha (observed taxa and Shannon diversity) and beta (Jaccard and
Bray-Curtis) diversity analyses were performed. When MS patients are subsetted for
medication class, Bray-Curtis and Jaccard diversity metrics revealed no distinct clustering
when visualised using a PCoA plot which indicates no microbial diversity differences (Figure
2). The same trend is observed in alpha diversity analyses (Figure S2). Hence, medication
usage is concluded to have no impact on microbial diversity in MS patients.
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FIG. 2 Medication class does not
impact microbial diversity. PCoA
plot visualising microbial diversity
for MS patients not taking (A,B)
prescription medication and (C,D)
OTC medication. (A,C) Bray-
Curtis and (B,D) Jaccard diversity
analyses reveal no statistically
significant differences. Statistical
analysis was performed using the
PERMANOVA test.
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Effect of OTC Medication on microbial diversity is only visible in MS patients
without eczema. As our diversity analyses indicated minimal impact of medication class on
microbial diversity in MS patients, we investigated whether eczema impacts the effect of
medication class in MS patients. Beta diversity analysis using Bray-Curtis and Jaccard
metrics revealed that eczema status does not impact microbial diversity concerning
prescription medication usage in MS patients (Figure S3). Distinct clustering based on
eczema status was observed for MS patients not taking prescription medication when
visualised using a PCoA plot (Figure 3). Hence, revealing a significant difference in microbial
diversity associated with OTC usage status for MS patients without eczema only (Figure 3).
This suggests that OTC medication usage has a greater impact on the microbial diversity,
abundance and richness of MS patients without eczema than those with eczema. No alpha
diversity differences in observed taxa or Shannon diversity attributed to OTC medication
status were observed in MS patients with or without eczema (Figure S4).
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OTC vs Non-OTC, no eczema group: p = 0.036

04- 0.4-

0.2- 0.2-

OTC Medication

0.0- 0.0-

S [=] No X
< &
,: Yes ﬂ
N o~
P Eczema status
% i %
< -0.2- L*1 eczema < 0.2-
B no eczema
-0.4- -04-
-06- -0.6-
0.4 02 00 02 04 06 04 0.2 0.0 02
Axis.1 [8.9%] Axis.1 [6%]

04

UJEMI+

OTC vs Non-OTC, eczema group: p = 0.278

OTC vs Non-OTC, no eczema group: p = 0.050

OTC Medication

E]No

Yes

Eczema status

L+ eczema

IZ’ no eczema

06

FIG. 3 The impact of over-the-counter (OTC) medication on microbial diversity is only evident in MS
patients without eczema. Included MS patients are not taking prescription medication. (A) Bray-Curtis and (B)
Jaccard beta diversity metrics were used. Statistical analysis was performed using the PERMANOVA test.

Unique taxonomic profiles are associated with eczema or taking OTC medication.
An indicator species analysis was performed to determine the number of unique indicator taxa
in MS patients with and without eczema who were or were not taking OTC medications. In
order to remove the potential confounding effect of prescription medication, the analysed
patients were not taking prescription medication. 28 and 21 unique genera were associated
with having eczema and taking OTC medication, respectively (Table 1). There is one
indicator taxa that is associated with both having eczema and taking OTC medication (Table

1.
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TABLE. 1 Distinct indicator taxa of MS patients with eczema or using OTC medication. Indicator species analysis was
conducted on fecal samples of MS patients and healthy controls (n = 481). Taxonomic level was filtered at the genus level,
and only significant uniqueness is illustrated with increasing observed indicator value (p<0.05). Observed indicator value
represents the overall probability that the particular ASV will be observed in both eczema and non-eczema patients. Results
indicate 28 genera unique to eczema and 21 genera unique to OTC medication usage, with no indicator taxa observed for
patients without eczema or not taking OTC medication.

Eczema oTC Observed
Phylum Genus Species Medication Indicator P-value
status
Status Value
Bacteroidota Bateroides bacteroides_fragilis eczema N/A 0.79 0.05
Bacteroidota Parabacteroides parabacteroides_distas eczema N/A 0.54 0.045
onis
Bacteroidota Prevotella uncultured_organism eczema N/A 0.42 0.035
Bacteroidota Parabacteroides parabacteroides_goldst ~ eczema N/A 0.40 0.045
einii
Firmicutes Lachnoclostridium uncultured_organism eczema N/A 0.77 0.010
Firmicutes Lachnospiraceae lachnoclostridium eczema N/A 0.77 0.010
Firmicutes Oscillospiraceae flavonifractor eczema N/A 0.70 0.025
Firmicutes Lachnospiraceae lachnospiraceae UCG-  eczema N/A 0.68 0.040
004
Firmicutes uncultured clostridium_sp. eczema N/A 0.64 0.005
Firmicutes Lachnoclostridium human_gut eczema N/A 0.64 0.010
Firmicutes Lachnospiraceae UC  uncultured organism eczema N/A 0.61 0.010
G-008
Firmicutes Lachnospiraceae lachnospira eczema N/A 0.60 0.030
Firmicutes Erysipelotrichaceae holdemania eczema N/A 0.55 0.020
Firmicutes Anaerosporobacter uncultured_organism eczema N/A 0.54 0.020
Firmicutes Lachnospiraceae FC  uncultured Clostridiu eczema N/A 0.52 0.005
S020_group m
Firmicutes Veillonellaceae veillonella eczema N/A 0.49 0.030
Firmicutes Erysipelatoclostridiu  erysipelatoclostridium  eczema N/A 0.46 0.025
m ramosum
Firmicutes uncultured uncultured bacterium eczema N/A 0.45 0.10
Firmicutes Clostridia_vadinBB6  uncultured bacterium eczema N/A 0.42 0.030
0_group
Firmicutes Clostridia UCG-014  clostridia UCG-014 eczema N/A 0.42 0.015
Firmicutes Lactobacillaceae lactobacillus eczema N/A 0.42 0.020
Firmicutes Roseburia gut_metagenome eczema N/A 0.42 0.030
Firmicutes Butyricicoccus uncultured_bacterium eczema N/A 0.41 0.015
Firmicutes Phocea ucultured_bacterium eczema N/A 0.41 0.015
Firmicutes Butyricicoccus uncultured _bacterium eczema N/A 0.41 0.015
Firmicutes Fusicatenibacter uncultured _bacterium eczema N/A 0.41 0.030
Proteobacteria Oxalobacter oxalobacter formigene  eczema N/A 0.58 0.005
s
Actinobacteriota Corynebacteriaceae corynebacterium N/A Yes 0.57 0.010
Actinobacteriota ~ Brevibacterium brevibacterium_ravens N/A Yes 0.48 0.025
purgense
Bacteroidota Parabacteroides parabacteroides_distas N/A Yes 0.56 0.035
onis
Fimicutes [Eubacterium] xylan  uncultured organism N/A Yes 0.71 0.040
ophilum_group
Fimicutes Lachnospiraceae blautia N/A Yes 0.64 0.005
Fimicutes Ruminococcaceae subdoligranulum N/A Yes 0.61 0.010
Fimicutes Ruminococcaceae faecalibacterium N/A Yes 0.60 0.010
Fimicutes Lachnospiraceae lachnospiraceae UCG- N/A Yes 0.58 0.035
001
Fimicutes Lactobacillus lactobacillus_iners N/A Yes 0.55 0.015
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Fimicutes Lachnospirales lachnospiraceae N/A Yes

Fimicutes Clostridia_vadinBB6  metagenome N/A Yes
0_group

Fimicutes UCG-010 UCG-010 N/A Yes

Fimicutes Turicibacter turicibacter N/A Yes

Fimicutes Peptostreptococcales  anaerococcus N/A Yes
Tissierellales

Fimicutes Peptostreptococcales  gallicola N/A Yes
Tissierellales

Fimicutes Clostridia_vadinBB6  uncultured bacterium N/A Yes
0_group

Fimicutes UCG-010 metagenome N/A Yes

Proteobacteria Enterobacterales enterobacteriaceae N/A Yes

0.52
0.47

0.46
0.46
0.45

0.45

0.39

0.39
0.54

0.020
0.010

0.025
0.045
0.030

0.035

0.030

0.030
0.010

More shared taxa are noted in MS patients with eczema who were and were not
using OTC medications compared to those without eczema. A core microbiome analysis
was performed to determine the number of shared taxa in MS patients with and without
eczema who were or were not taking OTC medications. Between MS patients without eczema
taking and not taking OTC medication, 39 shared taxa were identified, corresponding to a
91% overlap (Figure 4). Between MS patients with eczema taking and not taking OTC
medication, 24 shared taxa were identified, corresponding to a 40% overlap (Figure 4). Taken
together, the results indicate that there are more shared taxa among MS patients who did not
have eczema regardless of whether they were taking OTC medication (Figure 4).

A B

No OTC No OTC

count

30

20

are oTC

count

FIG. 4 OTC medication has a greater effect on microbial diversity in MS patients with
eczema than patients without eczema. Core microbiome analysis was conducted on MS
patients without (A) and with (B) eczema who do and do not take OTC medication. Analysis

was completed with a detection threshold of 0.001 and a prevalence threshold of 0.5.

DISCUSSION

This study aimed to investigate potential associations of eczema with disease status and
medication class in 20—50-year-old MS patients and healthy controls in order to elucidate the
impact of eczema on the gut microbiome. We found that differences in community
composition due to MS were only observed in patients without eczema (Figure 1). However,
MS patients and healthy controls with eczema demonstrated similar levels of microbial
community richness and abundance, as shown through alpha diversity analyses. Generally,
some OTC medications are associated with changes in the gut microbiomes (21), but our
study found that these changes in community composition were only prominent in MS
patients without eczema (Figure 3). Thus, leading to the conclusion that eczema may have a
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mediating effect on the gut microbiome, potentially masking the effects of MS and OTC
medication usage on microbial diversity.

This study found that there were significant differences in community composition of the
gut microbiome attributed to MS disease status only when eczema was not present as a
comorbidity (Figure 1). While a plethora of literature indicates that MS changes the
composition of the gut microbiome (7, 54-56), research on the impact of eczema on the gut
microbiome remains relatively limited. Recent literature has only begun to explore the gut-
skin axis and are yet to characterize their effects (57, 58). Additionally, much of the literature
discusses the effects of a dysregulated gut microbiome in triggering skin diseases as opposed
to the effect of skin diseases on the gut microbiome (59). For example, Kim et al.
hypothesized that due to the more modern sanitized living conditions, a lack of microbial
exposure in early life results in inadequate immune priming; thus, resulting in a predisposition
to immune conditions such as eczema (58). However, one study by Watanabe et al. found
that specifically Bifidobacterium was found to be significantly lower in patients with eczema
(58). Thus, suggesting that the presence of eczema alters the composition of the gut
microbiome. Our research aligns with this assertion as it suggests that the effects of eczema
on the gut microbiome may be significant enough to mask the effects of MS on the gut
microbiome (Figure 1).

The hypothesized masking effect observed by eczema on MS aligns with current literature
surrounding eczema and MS; Lusignan et a/l. found that patients with eczema had changes in
the gut microbiome that increased susceptibility to developing gastrointestinal conditions
such as Crohn’s disease and ulcerative colitis (60). This suggests that the changes associated
with eczema in the gut microbiome are highly distinct. Our study results align with this
assertion as the effects of MS on the gut microbiome community composition are only
observed when eczema is not present.

Common OTC medications such as aspirin and decongestants have been implicated with
altering the gut microbiome composition (61-63). Thus, our study explored whether these
effects were prevalent in MS patients with and without eczema. The findings of the study
support that OTC medication alterations on the gut microbiome are only prevalent when
eczema is not present as a comorbidity (Figure 3). This suggests that eczema may mask the
gut microbiome changes associated with OTC medication usage.

Many papers discuss the positive outcomes of OTC usage in treating and managing
eczema (64—66). This suggests that OTC medication could have a positive effect on the gut
microbiomes of patients with eczema However, our results contradict this assertion which
may be due to the specific type of OTC medication taken by each patient. For example, if
patients were taking OTC medication that mainly treated their MS symptoms and not their
eczema symptoms, this potentially could have resulted in the effect of eczema on community
composition being greater. Additionally, patients identified as using OTC medication may
not be consuming it frequently, thereby potentially limiting the overall effects of OTC
medication compared to a persistent condition like eczema.

In contrast, MS patients without eczema exhibited a more similar core microbiome profile
between individuals taking and not taking OTC medication than those with eczema (Figure
4). A working hypothesis to explain this contradiction is that disease states, namely MS and
eczema, create a gut microbiome environment that is particularly susceptible to alterations in
microbial composition induced by OTC medication usage. This connection is supported by
literature that suggests that all three of these conditions (eczema, MS, and OTC medication
usage) are associated with dysbiosis of the gut microbiome (12, 67, 68). Thus, potentially
explaining why having both eczema and MS lead to a more distinct core microbiome when
comparing OTC medication usage (Figure 4). However, because the core microbiome
analysis appears to contradict other findings in this study, further investigation into the impact
of each condition on the susceptibility of the gut microbiome to dysbiosis are needed to
elucidate the relationship between MS, eczema, and OTC medication usage. Additionally,
further characterization of the dysbiosis of the gut microbiome observed and the relative
severity of dysbiosis may help elucidate whether eczema truly has a greater effect on the gut
microbiome compared to OTC medication usage in MS patients.

Lastly, although beta diversity analysis revealed that there were differences in gut
microbial composition attributed to OTC medication usage in MS patients without eczema,
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overall microbial evenness and richness within groups, as elucidated by alpha diversity
analysis, remained similar (Figure S4). This is reasonably in line with other literature that
suggest that there are differences in the presence and ratio of some bacterial species, but no
loss or gain of species (69). It is important to note that species found in the skin microbiome
often differ greatly from the gut microbiome. Specifically, the presence of eczema typically
leads to changes in microbial diversity, notably with increases in abundance of
Staphylococcus aureus (70). Thus, further research that better characterises gut microbiome
changes in patients with eczema would help to elucidate why evenness and richness within
groups does not appear to change drastically.

In line with previous literature, this study identified specific indicator taxa that are
associated with eczema and OTC medication usage (Table 1). However, contrary to previous
findings, the specific taxa identified in this study differed (71). Previous literature linked
eczema with microbial taxa such as Escherichia, Clostridium, Bacteroidota, Bifidobacterium,
and Akkermansia (71); this study also found a strong association between eczema and
Bacteroidota, but no associations with the other taxa (Table 1). Given that Bacteroidota
species were identified as a strong indicator of eczema (Table 1), alterations in these taxa may
serve as a marker for eczema status. It’s worth noting that Bacteroidota species are abundant
in the human gastrointestinal tract and are generally considered symbiotic (72—75). However,
the relevance of this bacterial phylum to eczema status has not been extensively studied.
Further characterization of the mechanisms of action and function of Bacteroidota species is
needed for a more robust understanding of their relationship with eczema.

Similarly, the use of OTC medication such as aspirin has been linked to decreases in
Bacteroidota species present in the gut microbiome (61). This aligns with the findings of this
study, an indicator taxa in this phylum was observed (Table 1). Numerous indicator taxa from
the phylum Actinobacteriota were identified in MS patients taking OTC medication (Table
1). This phylum consists of microbes primarily associated with soil systems; however, certain
genera are known to inhabit the human gut (76, 77). One such genus is Corynebacterium,
generally benign in the gut microbiome but encompassing species that can be pathogenic and
lead to adverse health effects (78—80). Therefore, Actinobacteriota species might serve as
predictors for MS patients taking OTC medication, possibly attributed to the pathogenic
nature of certain species. All in all, the presence of distinct indicator taxa in MS patients with
eczema and using OTC medication, absent in those without eczema and not taking OTC
medication, suggests that eczema and OTC usage results in a distinct change in the gut
microbiome profile.

Limitations One major limitation of our study is the lack of information regarding the
severity of eczema in patients. Since eczema is linked to dysbiosis of the gut microbiome, the
degree of dysbiosis may change depending on the overall severity of eczema (57). Luger et
al. discuss how eczema is commonly implicated with dysbiosis of the skin microbiome and
further expound upon how this may transfer through the gut-skin axis and affect the gut
microbiome (81). Since differing levels of changes in the skin microbiome can be seen with
differing levels of severity of eczema, it is not too far a leap to presume that this correlates
with dysbiosis of the gut microbiome (68). If we had information surrounding the severity of
eczema, we may have found that only high severity of eczema would result in dysbiosis of
the gut microbiome. Thus, not having information on the level of severity of the patients’
eczema may confound our results.

Another limitation is that there is no information regarding the type of OTC medication
taken by each patient. This is because some OTC medication is associated with strong
changes in the gut microbiome, such as aspirin and decongestants, while others are less
associated with changes in the gut microbiome (61, 63). Chung et al. found that the use of
decongestants strongly alters the gut microbiome and results in dysbiosis, whereas, there is
no literature surrounding the alteration of the gut microbiome due to oral acetaminophen (63).
Additionally, Bai et al. found that aspirin results in a change in the gut microbiome,
specifically an increase in the phylum Bacteroidetes and a decrease in the ratio of Firmicutes
to Bacteroidetes (63). Since there is potential that the changes in microbial community
composition due to each of these different OTC medications can be drastically different
depending on the type of OTC medication taken, this potentially confounds our results.
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Additionally, limitations arise from the decreasing sample size with respect to increasing
specific subsets. Specifically, there were only two individuals each who had MS, were not
using prescription medication, and were taking or not taking OTC medication (Table S1). The
small sample size may fail to accurately represent the broader population. Additionally, to
conserve samples, confounding factors such as sex and BMI were not accounted for. Lastly,
the dataset used in this study represents relative abundance information, as opposed to having
total abundance data. These factors could also potentially influence the findings and
interpretations of this study.

Conclusions Our study investigated the potential effects of eczema on the gut microbiomes
of patients with MS and those taking varying medication classes. The study found that eczema
may have a mediating effect that masks the changes in the gut microbiome caused by MS and
OTC medication. This was demonstrated through microbial changes due to MS only being
visible when eczema was not present as a comorbidity. Similarly, the effects of OTC
medication on the gut microbiome composition were only perceivable in MS patients when
eczema was not present. The implications of these findings are that potentially MS patients
with eczema have a unique gut microbiome composition that is dissimilar to MS patients
without eczema and that this should be considered in treatment options. However, further
studies should analyse whether this difference is significant in clinical settings and affects the
efficacy of current treatments on MS progression. Better characterization of unique
microbiomes in MS patients can help inform treatment courses.

Future Directions In future studies, the magnitude of dysbiosis due to MS, eczema, and OTC
medication use should be better characterised in comparison to one another. This would help
to elucidate which condition may result in a more profound dysbiosis of the gut microbiome
as compared to healthy controls and the contrast between our beta diversity results that
suggest that eczema is the most influential factor and the core microbiome that suggests the
opposite. This could be done through an in vivo study that compares mice with MS, eczema,
and two or three different OTC medications compared to healthy controls. Differential gene
expression analysis using DESeq2 of genes involved in the inflammasome and metabolism
could better characterize the differential abundance between these conditions.

Further research surrounding the specific mechanisms of mediation seen in MS patients
with eczema and their clinical relevance should be further explored. This could be done
through exploring the mechanisms of action of the unique species seen in eczema. By first
isolating and characterizing these species, predictions of the mechanisms of action that may
impact disease and eczema states can be made. Followed by a metabolomic analysis and in
vitro assay, the function of the species of interest can be characterized. This characterization
could then be tested in animal models to test the hypothesized mechanism of action in the
diseased state.

Another analysis that would further the findings in this study are to separate the analyses
of different types of OTC medication. This would help to parse whether particular OTC
medications have a significant effect on the gut microbiome without being confounded by
other types of OTC medication. This is because different types of OTC medication have been
implicated with different changes in the gut microbiome; thus, likely resulting in different
profiles of the gut microbiome in terms of composition and diversity (63). Additionally,
frequency of use should be taken into consideration as for certain types of OTC medication
dysbiosis is only observed at high levels of use (82).
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