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BACKGROUND: Heterogeneous dysbiosis of the intestinal microbiome is a common hallmark of multiple sclerosis. 
In  this pilot study, we compared the level of some gut bacteria in multiple sclerosis patients receiving oral disease-
modifying therapy versus untreated.

MATERIALS AND METHODS: Subjects were patients with relapsing-remitting or secondary and primary progres-
sive multiple sclerosis. Multiple sclerosis patients were treated by Fingolimod (n = 31), Teriflunomide (n = 21) or were 
untreated (n = 31). The bacterial levels in stool samples were analyzed by cultivation method and real time PCR.

RESULTS: The levels of symbiotic and opportunistic bacterial species in the fecal samples of multiple sclerosis patients 
receiving disease-modifying therapy were different from those in untreated patients. Also, there was a difference in the 
spectrum of gastrointestinal tract disorders between these patients. Fingolimod-treated patients showed decreased levels 
of some bacterial species compared to untreated subjects, including Escherichia coli with regular enzymatic activity, Sut­
terella wadsworthensis (phylum Proteobacteria), butyrate-producing bacteria Roseburia spp., Faecalibacterium prausnitzii, 
and Ruminococcus spp. (phylum Firmicutes, class Clostridia). Teriflunomide-treated patients demonstrated decreased levels 
of Lactobacillus spp. and Enterococcus spp. (phylum Firmicutes, class Bacilli) and Ruminococcus spp. Increased levels of 
Bifidobacterium spp. were observed in treated and untreated multiple sclerosis patients with higher EDSS scores.

CONCLUSIONS: This study shows the negative effect of oral disease-modifying therapy on intestinal microbiota 
composition and gastrointestinal tract disorders. However, more extensive studies are needed to confirm these preliminary 
results and develop ways to normalize intestinal dysbiosis in multiple sclerosis patients.
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Введение. Гетерогенный дисбиоз кишечного микробиома является частым признаком рассеянного склероза. 
В этом пилотном исследовании мы сравнили уровень некоторых кишечных бактерий у пациентов с рассеянным 
склерозом, которые получали пероральные препараты, изменяющие течение рассеянного склероза, и у паци-
ентов без терапии.

Материалы и методы. В исследование вошли пациенты с ремиттирующим или вторично прогрессирующим / 
первично прогрессирующим рассеянным склерозом. Пациенты с рассеянным склерозом получали лечение фин-
голимодом (n = 31), терифлуномидом (n = 21) или не получали лечения (n = 31). Уровни бактерий в образцах 
стула определяли методом культивирования и полимеразной цепной реакцией в режиме реального времени.

Результаты. Выявлены различия в уровнях симбиотических и условно-патогенных бактерий в образцах 
фека лий пациентов с рассеянным склерозом, которые получали препараты, изменяющие течение рассеянного 
склероза, и пациентов без терапии. Кроме того, у этих пациентов существовала разница в спектре расстройств 
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EDSS  — Expanded Disability Status Scale; DMT  — disease modifying therapy; UT — untreated; FG  — fingolimod; TF  — teriflunomide; 
IFNs  — Interferons; GA  — Glatiramer Acetate; DMF  — Dimethyl Fumarate; GIT  — gastrointestinal tract; DD  — disease duration; 
CFU  — colony forming units.
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желудочно- кишечного тракта. У пациентов, получавших финголимод, уровень некоторых видов бактерий был 
снижен по сравнению с пациентами без терапии, включая Escherichia coli с нормальной ферментативной активно-
стью, Sutterella wadsworthensis (тип Proteobacteria), бутират-продуцирующие бактерии Roseburia spp., Faecalibacterium 
prausnitzii и Ruminococcus spp. (тип Firmicutes, класс Clostridia). У пациентов, получавших терифлуномид, наблюда-
лось снижение уровня Lactobacillus spp. и Enterococcus spp. (тип Firmicutes, класс Bacilli) и Ruminococcus spp. Повы-
шенный уровень Bifidobacterium spp. отмечен у пациентов всех групп с более высокими баллами по шкале EDSS.

Выводы. Исследование показало негативное влияние пероральных препаратов, изменяющих течение рассеян-
ного склероза, на состав кишечной микробиоты и расстройства функций желудочно-кишечного тракта. Однако 
необходимы более масштабные исследования, чтобы подтвердить эти предварительные результаты и разработать 
способы нормализации дисбиоза кишечника у пациентов с рассеянным склерозом.

Ключевые слова: рассеянный склероз; дисбиоз; кишечная микробиота; препараты, изменяющие течение рас-
сеянного склероза; финголимод; терифлуномид.

Background

Multiple sclerosis (MS) is a chronic inflamma-
tory autoimmune disease of the CNS, characte-
rized by myelin loss and damage of nerve cells [1]. 
The causes of MS are unknown, and the mechanisms 
of the disease progression are not fully understood. 
The  potential role of gut microbiota in the patho-
genesis of MS has been actively discussed in recent 
years [2]. Intestinal microbiota affects the develop-
ment and function of the immune and nervous sys-
tems by promoting differentiation of Th [3, 4] and 
Treg [5, 6] cell subpopulations, blood-brain and gut 
barrier integrity  [7–9] and myelination [10].

Several studies show that gut microbiota in MS 
patients are altered compared to healthy subjects and 
is characterized by dysbiosis [11–14]. In addition, 
70–90% of patients with MS have GIT dysfunction 
[14, 15], resulting from intestinal microbiota dysbiosis.

With the key role of immune auto-aggression in 
MS pathogenesis recognized, immunomodulators/
immunosuppressors were developed to modify this 
disease. IFN-β based drugs and glatiramer ace-
tate (GA) are the first and best-studied substances for 
disease-modifying therapy (DMT) [16, 17]. These 
drugs have a complex, multifaceted effect on the 
body; however, not all of these effects are fully un-
derstood. Several small studies have shown that GA 
and interferon therapy may influence gut microbiota 
composition [18–20]. At the same time, the efficacy 
of GA therapy may be influenced by the presence 
of some microorganisms [21].

Studying microbiota in patients with MS has be-
come even more relevant with the development and 
widespread clinical use of oral DMTs [22, 23]. Upon 
entering the intestine, drugs may affect the gut mi-
crobiota causing or exacerbating dysbiosis, which is 
implicated in GIT disorders and reduces the patient’s 
quality of life. On the other hand, gut microbiota 
composition may influence treatment efficacy either 
by altering drug metabolism and bioavailability or by 
affecting the immunocytes targeted by these DMTs. 
A recent study has evaluated the potential effects of 
dime thyl fumarate on gut microbiota composition [24].

The purpose of our study was to compare gut mi-
crobiota composition in MS patients treated with two 
widely used DMTs – Fingolimod or Teriflunomide 
and in untreated patients.

Materials and methods

Ethics approval and patient consent. The study 
was approved by the ethics committees of both 
Institute of Experimental Medicine and the Institute 
of the human brain; written informed consent has 
been obtained from all participants.

Patients. 81 patients with MS were enrolled in 
the observational study. All patients were under ob-
servation in the Clinical Department of the Institute 
of Experimental Medicine and the Institute of the 
Human Brain from 10.01.2017 to 01.09.2019. They 
had relapsing-remitting MS (RR-MS), secondary 

Table 1
The characteristics of enrolled multiple sclerosis patients

Characteristic UT
DMT

FG TF

Age, years 42.9 ± 2.3 42.9 ± 2.0 36.0 ± 2.0
Duration of disease, years 10.5 ±1.7 12.3 ± 1.1 7.8 ± 1.6
EDSS score 3.2 ± 0.4 3.7 ± 0.4 3.2 ± 0.3
Age of MS onset, years 32.2 ± 1.9 30.9 ± 1.5 28.3 ± 1.6
Duration of therapy, years – 5.0 ± 0.4 2.1 ± 0.1
Total patients (male/female) 31 (9/22) 31 (11/20) 21 (10/11)

N o t e s: UT — untreated group; DMT — disease-modifying therapy group; FG — Fingolimod; TF — Teriflunomide; 
EDSS — Expanded Disability Status Scale; MS — multiple sclerosis.
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progressive MS (SP-RS), or primary progressive MS 
(PP-MS). Patients received oral DMT, Fingolimod 
(FG, n = 31) or Teriflunomide (TF, n = 19), or were 
untreated (UT, n = 31). All patients were in the re-
mission stage during an assessment. The character-
istics of the studied cohort are shown in Table 1. 

Methods. A modified Neurogenic Bowel Dysfunc-
tion Score [25] questionnaire was used to assess GIT 
functions.

Two methods were used for the analysis of micro-
organism’s levels in fecal samples: the culture meth-
od according to the algorithm described earlier [19] 
and real-time polymerase chain reaction (RT-PCR) 
with the “Colonoflor” Kit (Alphalab, St.-Petersburg, 
Russia). Fecal samples were delivered to the labora-
tory; the same sample was used for two methods. 
The sample were analyzed without a storage period; 
freezing of samples was not allowed. 

Statistical analysis. Analysis of variance with post-
hoc HSD test for unequal groups was performed in 
Statistica-8 for compare effects of DMTs. Fisher exact 
test was used to compare proportions. Differences 
at p < 0.05 were considered statistically significant.

Results

Assessment of gastrointestinal tract function. 
The  questionnaire-based survey revealed that 64.5% 
of subjects not receiving DMT had GIT dysfunction. 
The percentage of subjects with GIT disorders was high-
er in groups receiving treatment: 81% for subjects treat-
ed with Teriflunomide (TF) and 100% for those treated 
with Fingolimod (FG). The most frequent complaints 
among patients are listed in Table 2. Subjects with GIT 
dysfunction had 2 to 6 symptoms in varying combina-
tions. The  distribution of patients depending on the 
number of complaints presented is shown in Figure 1.

The functional defecation disorders (fecal inconti-
nence or constipation) were 1.2 and 1.8 times less prev-
alent in the untreated patients than those re ceiving TF 
and FG, respectively. Half of the TF-treated patients 
experienced rumbling and heartburn, which is more 
common than patients from the other groups. Half of 
the patients in both groups receiving DMT experienced 
abdominal pain, twice the share in the untreated group.

In addition to GIT disorders, some patients in all 
groups reported changes in appetite and body mass. 
Thus, most untreated patients (35.5%) with a change in 
body mass reported an increase in body mass, whereas 
all patients receiving TF with a change in body mass 
reported a decrease in body mass. In addition, the pa-
tients receiving FG reported both an increase in body 
mass (13%) and a reduction in body mass (16%).

Generally, oral DMT exacerbated GIT disorders 
in MS patients, with specific changes depending on 
the drug used.

Table 2

Incidence of various gastrointestinal tract symptoms and metabolic disorders in a cohort of study subjects with multiple sclerosis

Symptom
Percentage of patients with symptom, %

Untreated (UT) (n = 31) FG (n = 31) TF (n = 21)

Defecation disorders, total:
Diarrhea/constipation, %

45.2
19.4/25.8

74.2*
29.0/45.2

66.6
33.3/33.3

Bloating, % 22.6 35.5 23.8
Rumbling, % 16.1 29.0 52.6#

Stomach heaviness, % 22.6 29.0 21.1
Abdominal pain, % 22.6 54.8* 52.4*
Nausea/Vomiting, % 35.5 29.0 36.8
Heartburn, % 22.6 45.2 52.6*
Change in appetite, % 22.6 29.0 31.6
Body mass change 
(total %)

↑ (%)
45.2

35.5#

29.0# 12.9
42.1

0
↓ (%) 9.7 16.1 42.1#

N o t e s: * differences from UT group, p < 0.05; # differences from other groups p < 0.05 (Fisher test). UT — untreated 
group; FG — Fingolimod; TF — Teriflunomide.

Fig. 1. Proportion of multiple sclerosis patients according to 
number of symptoms. UT — untreated; FG — Fingolomod-
treated; TF  — Teriflunomide-treated; 0 S  — without symp-
toms; 2 S, 3 S, 4 S, >5 S  — two, three, fore, and five and 
more symptoms GIT disorders from table 2
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Analysis of the intestinal microbiota by the cul-
ture method. The symbiotic bacteria species (Lacto­
bacillus  spp., Bifidobacterium spp., Escherichia coli 
(N  E.  coli), Enterococcus spp.) and atypical (with 
reduced fermenting activity, hemolytic, lactose-
negative) opportunistic bacteria species (E.  coli 
(A  E.  coli)), Enterobac ter spp., Citrobacter spp., 
Proteus spp., Klebsiella spр. Staphylococcus aureus, 
Clostridium  spp.) and yeast of genus Candida spp. 
were detected by the cultural method in fecal samples. 
The levels of some microorganisms differed in treated 
and untreated patients. There were also differences 
in patients receiving different drugs (Fig. 2).

Figure 2 shows that mean levels of Lactobacillus 
spp., Bifidobacterium spp., and Enterococcus spp. for 
every group were within the reference range, with 
the lowest levels of these bacteria found in patients 
receiving TF. However, the analysis of individual val-
ues showed that not all patients had normal bacteria 
levels, with levels being both lower and higher than 
normal. Thus, reduced levels (<6.0 lg CFU/g) of 
Lactobacillus spp. were found in 68% of patients in 
the TF group vs 42% in UT and 32% in FG. Reduced 
levels (<5.0 lg CFU/g) of Enterococcus spp. were 
found in 26% of patients receiving FG or TF vs 6.5% 
in the untreated group. At the same time, 13% of pa-

tients in UT group and 19% in FG group had a high 
(8.0 lg CFU/g) level of enterococci. No patients with 
high levels of enterococci were observed in TF group.

Subjects in TF treated group had lower levels of 
Bifidobacterium spp. (Fig. 2). This, however was not 
due to a reduction in the absolute quantity of bacte-
ria, but because the percentage of patients with a high 
level (9.0–10.0 lg CFU/g) of Bifidobacterium spp. in 
this group was lower than in other groups (37% vs 
74% and 68%, in UT and FG, respectively). It is 
noteworthy that high levels of Bifidobacterium spp. 
were found mainly in patients with higher EDSS 
scores (4.0–8.0) in all groups.

Normal levels (7.0–8.0 lg CFU/g) of Escherichia 
coli were found in 68% of untreated patients, in 47% 
of TF treated patients, and only in 29% FG treated 
patients (φ = 3.13; p < 0.01; vs UT). That is, sym-
biotic E. coli were decreased in MS patients, with 
a  further reduction when DMTs are used, espe-
cially  FG.

At the same time, in this group, not only the 
level of E. coli decreased, but also their properties 
changed. The “normal” E. coli were replaced by 
its atypical forms or other Enterobacteriaceae, par-
ticularly Enterobacter spp. The proportion of such 
patients in FG group was 2.7 times more com-
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Fig. 2. The level of symbiotic (a) and opportunistic (b) bacterial species in intestinal microbiota of multiple sclerosis pa-
tients with Fingolimod or Teriflunomide therapy (culture method). Data represented as mean ± standard error. In Y axis  – 
the  bacterial level in lg colony forming units (CFU) on fecal g; in Х axis – bacterial species found; UT – untreated, FG  – 
Fingolimod-treated, TF – Teriflunomide-treated. ANOVA with post-hoc HSD for unequal N, * difference between FG 
and TF groups, •differences from UT and TF groups, # differences from UT group, p < 0.05. N  — normal, A  — atypical
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pared UT group (52% vs 19%; φ = 2.72, p < 0.01). 
Interestingly, TF-treated patients showed only a de-
crease (to 4.0–6.0 lg CFU/g) in the level of E. coli.

This data has shown that Fingolimod had the 
most substantial adverse effect on E. coli compared 
to the two other groups (Fig. 2).

Analysis of intestinal microbiota by Real-Time 
PCR. We also compared the quantity of anaerobic MS 
marker bacteria of two dominant phyla, Bacteroidetes 
(Bacteroides fragilis, Bacteroides thetaiotaomicron, 
Prevotella spp.), Firmicutes (Faecalibacterium praus­
nitzii, Roseburia spp., Ruminococcus spp.) and mi-
nor phyla Proteobacteria (Sutterella wadsworthensis) 
and Verrucomicrobia (Akkermansia muciniphila) by 
RT-PCR method.

We found no significant differences in the levels 
of B. fragilis, B. thetaiotaomicron or Prevotella spp. 
(Fig. 3), but the proportion of patients with high 
(>12.5 lg CFU/g) B. fragilis level was significantly 
lower in the FG group compared to the UT group 
(φ = 2.31; p < 0.01).

In addition, FG-treated patients had lower lev-
els of butyrate-producing bacteria, F. prausnitzii, 
Roseburia spp., the proportion of patients with high 
(>10.5 lg CFU/g) level of F. prausnitzii was 5 times 
lower than in the untreated group.

Ruminococcus spp. was found in 59.1% UT pa-
tients and only in 23% of patients receiving DMT 
(φ = 2.30, p < 0.05 and φ = 2.15, p < 0.05 for FG 
and TF, respectively).

S. wadsworthensis was also found in 59.1% UT 
patients, but TF had less effect on the presence of 
these bacteria in patients (38.5%) than FG (17.6%; 
φ = 2.75, p < 0.01).

In contrast, A. muciniphila was found in a com-
parable number in UT- and FG-treated patients 

(44%  and 41%, respectively), and only in 23% of 
patients receiving TF, although the differences did 
not reach statistical significance.

Thus, treatment with FG and TF affected the 
qualitative and quantitative composition of the gut 
microbiota, having an inhibiting effect on different 
groups of studied microorganisms.

Discussion

Published data demonstrate that MS patients 
have altered composition of intestinal microbiome 
compared to healthy subjects. Several studies have 
found an increased abundance of Bifidobacterium spp. 
(phylum Actinobacteria) [11, 20, 26], A. muciniphila 
(phylum Verrucomicrobia) [12, 27–31], methane-
producing Euriarchaeota [12, 32] and decreased 
abundance of Bacteroides (phylum Bacteroidetes) 
and Clostridia (phylum Firmicutes) – producers of 
butyrate [12].

There are also limited data on the influence 
of DMTs on microbiota composition [18, 20, 24, 
27,  28]. These studies show alterations in intestinal 
microbiome composition during GA, IFNs, or DMF 
treatment. The authors interpret these results as 
a posi tive effect of DMT on the intestinal microbiome.

Our study noted quantitative alterations in the 
same bacterial species described by other authors 
 using sequencing methods [11–13]. At the same 
time, we note the negative impact of DMT on sym-
biotic bacterial species, which leads to an increased 
proportion of related opportunistic species.

Different drugs likely affect specific target bacte-
ria. In particular, the antimicrobial effect of GA on 
the gram-negative bacteria E. coli and Pseudomonas 
aeruginosa has been shown in vitro [33]. Therefore it 

Fig. 3. Changes in bacterial levels in Fingolimod- and Teriflunomide-treated patients with multiple sclerosis (PCR method). 
Data represented as mean ± standard error. In Y axis  — the bacterial level in lg colony forming units (CFU) on fecal g; 
in  Х  axis  — bacterial species; UT  — untreated, FG  — Fingolimod-treated, TF  — Teriflunomide-treated. ANOVA with 
post-hoc HSD for unequal N, * differences between FG and TF groups, • differences from UT and TF groups, # differ-
ences from UT group, p < 0.05
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is not surprising that some GA-treated patients have 
reduced E. coli, as shown earlier [19].

FG, TF, and DMF inhibited in vitro growth of 
Clostridium perfringens [34]. Since these bacteria are 
present in a small number of patients (about 11%) 
[35, 36], we could not assess the anti-clostridial ef-
fects in our cohort of FG or TF treated patients. The 
drugs may be expected to have the same effect on 
other Clostridia. However, FG and TF had a different 
impact on F. prausnitzii and Roseburia spp. levels, with 
the first drug decreasing their quantity and the second 
not affecting their number compared to UT patients.

Interestingly, other authors observed an increase in the 
abundance of Faecalibacterium after 12 weeks of DMF 
treatment [24]. Such differences may be related to the 
different influences on the Clostridia class of used drugs 
or durations of drugs treatment. Therefore, it is possible 
that at the beginning of treatment (12 weeks with DF) 
there is an increase, but as the duration of treatment 
increases (2 years with TF) there is a decrease, first to the 
level of UT patients and then lower (5 years with FG).

The decrease in Lactobacillus spp. and Enterococ­
cus spp. levels in TF-treated patients, observed in this 
study, suggests that the drug is active against gram-
positive Bacilli class species (phylum Firmicutes), 
while FG has a more pronounced effect on Clostridia 
class, which belongs to the same phylum.

Storm-Larsen et al. have shown that after two weeks 
on DMF, Actinobacteria abundance was decreased 
mainly driven by a reduction of Bifidobacteria  [24]. 
We registered a lower level of Bifidobacteria spp. in 
TF-treated patients. The level of these bacteria in 
FG-treated patients was comparable to the untreated 
group. Interestingly, regardless of receiving DMT, 
the level of Bifidobacteria was higher in patients 
with high EDSS scores. Considering that the level 
of Actinobacteria phylum, especially Вifidobacteria 
spp., significantly increased in MS patients, reducing 
the level of these bacteria associated with TF treat-
ment can be seen as a positive effect of treatment.

In this study, we confirmed an earlier finding in a larg-
er group of patients that the quantity of symbiotic E. coli 
decreases, and it is substituted with related opportunis-
tic species in FG-treated patients [19]. Also, it is worthy 
of note that TF did not have this anti-coliform effect.

This study is the first to compare the effects of 
two oral DMTs (FG and TF) on the composition of 
the intestinal microbiota and the spectrum of GIT 
disorders. The impact of FG and TF on the levels 
of different classes of bacteria can cause differences 
in the GIT disorders’ range observed in patients.

The substitution of symbiotic species of Proteo-
bacteria phylum (E. coli, S. wadsvorthensis) by oppor-
tunistic bacteria in FG-treated patients is consistent 
with the presence of diarrhea/constipation and pain 
characteristic of inflammatory bowel diseases.

Since Escherichia coli can synthesize antibiotic-
like substances – colicins and compete for adhesion 

and metabolite sites, they actively participate in the 
development of colonization resistance, suppressing 
the growth and multiplication of related pathogen-
ic and opportunistic microorganisms in the intes-
tine [37]. Therefore, it is logical that as the levels of 
symbiotic E. coli decrease, the gastrointestinal tract 
of FG-treated MS patients is colonized by oppor-
tunistic species. These can be atypical forms of 
E. coli, Enterobacter spp., Citrobacter spp., Klebsiel­
la spp., which persist in the gastrointestinal tract of 
MS patients, causing intestinal disorders and possibly 
affecting the MS course. It is noteworthy that clear-
ance of these bacteria is considerably slower in mice 
infected with Citrobacter rodentium when FG is ad-
ministered [38], which is associated with a decrease 
in the number of Th17 cells that control pathogens 
in the intestines. The weakening of the control 
function of Th17 cells in the intestine, especially in 
combination with reduced levels of symbiotic spe-
cies, may lead to excessive growth of pathogenic 
species and their translocation to other niches, in-
cluding CNS [39]. This is likely the cause of Listeria 
monocytogenes rhombencephalitiss and other infec-
tions described in FG treated MS patients [40–42].

Bacteroides fragilis, B. thetaiotaomicron, Prevotel­
la  spp. (Bacteroidetes phylum), were found to be 
more resistant to FG- or TF-treatment, as their lev-
els did not experience significant reductions com-
pared to the untreated group. Other studies have de-
scribed an increase in the abundance of Bacteroides 
with DMF treatment [43], or Prevotella spp. with 
IFN-β or GA treatment [12].

Interestingly, only patients receiving TF experi-
enced a decrease in body mass without any patients 
undergoing an increase. Thus, TF likely affects met-
abolic processes or the bacteria involved in them.

Thus, we have demonstrated in this study that 
DMTs alter the composition of the gut microbiota. 
Furthermore, according to our preliminary data 
(data not shown), these changes can increase with 
increasing duration of treatment, and as a result, 
dysbiosis becomes more pronounced in patients re-
ceiving DMTs for a long time.

However, to consider the effect of the therapy 
duration and other factors, for example, the severity 
of the disease, further studies involving larger cohorts 
of patients are needed. In addition, expanding the list 
of determined microorganisms may also be advisable 
since it will allow to more fully characterize the chang-
es in the microbial composition caused by the DMTs.

Conclusion

A great deal of attention is given to the study 
of intestinal microbiota in various CNS diseases. 
Alterations in the intestinal microbiota composition 
can contribute to GIT dysfunction and modulate the 
immune functions of the macroorganism, contri-
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buting to the pathological process and aggravating 
the clinical course of the disease. We suggest that an 
increase in pro-inflammatory opportunistic species 
in patients receiving DMTs is an adverse side-effect 
of the drugs, negatively affecting the MS course. 
Moreover, the alterations in gut microbiota com-
position may reduce treatment efficacy. With this 
in mind, regular monitoring of the microbiota and 
its correction can be helpful in the management of 
patients with MS.
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