ARTICLE INFO ABSTRACT

Multiple sclerosis is a chronic demyelinating disease that is considered an autoimmune
Article Type disorder affecting the central nervous system. This study aimed to investigate the pathogenic
Original Research changes in the natural flora of the mouth in MS patient during different treatment modalities and

compare them with healthy individuals.

Authors 120 patients were volunteered and divided into four groups of 30 people:
Al-Saadi Z.M.™* BSc 1) patients with MS taking Natalizumab or Tysabri, 2) patients with MS taking Betaferon, 3) naive
Al-Aswad F.D.? PhD MS patients without medications, 4) healthy individuals (control). The changes in oral bacteria

Sheaheed N.M.* MBChB, FACEAAN, FIBMS ~ (Staphylococcus aureus, Porphyromonas gingivalis, and Bacteroides fragilis) were investigate
using real time-PCR.

The prevalence of S. aureus was significantly higher in the Naive MS group (p=0.016),
Betaferon group (p=0.001), and Tysabri group (p=0.0001) compared to the healthy group, as well
as in Tysabri group compared to the Naive MS group (p=0.005). The prevalence of P gingivalis was
significantly higher in the Betaferon group (p=0.002) and Tysabri group (p=0.0001) compared
to the healthy group, as well as in Tysabri group compared to the Naive MS group (p=0.020).
The prevalence of B. fragilis was significantly higher in the Naive MS group (p=0.008), Betaferon
group (p=0.015), and Tysabri group (p=0.008) compared to the healthy group.

Oral bacteria are involved in MS development. Furthermore, MS patients are more
susceptible to periodontal disease due to high P, gingivalis presence, and these patients need to
receive extra care to prevent periodontal disease.
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Introduction

Multiple Sclerosis (MS) is a complex chronic
autoimmune disorder. It is a multifactorial disease
that attacks the brain and spinal cord. MS can affect
any part of the body and cause a wide range of
symptoms. Moreover, MS symptoms occur due to a
zone of demyelination and inflammation, which can
cause motor, sensory, and visual disorders and may
last for days or weeks [1.2].

The causes of MS have not been clearly identified, but
it is known that the immune system plays a vital role
in the progression of MS. There are many
predisposing factors, such as environmental factors,
vitamin D deficiency, teenage obesity, smoking,
genetic factors, and Epstein-Barr Virus (EBV) [1.3]. In
histopathology, myelin damage has been detected
with mononuclear phagocytes, T-lymphocytes,
dendritic cell infiltration, B-lymphocytes, and plasma
cells. The T helper 1 (Th1) and Th17 pathways were
involved in MS pathogenesis and demyelination [4.
No single test can positively diagnose MS, i.e., the
diagnostic criteria for MS is a combination of clinical,
MRI imaging, and laboratory evidence that evolves
over time. The diagnosis of each case is confirmed
according to the 2017 MC Donald criteria 5. The
different types of MS are as follow: 1) Relapsing-
Remitting MS (RRMS), which is a common type and
represents about 85% of MS cases; 2) Secondary
Progressive MS (SPMS); 3) Primary Progressive MS
(PPMS); which represents approximately 15% of MS
cases 6],

Treating MS is a challenge, and a complete cure is not
possible, but it is likely to help control the disease by
reducing inflammation caused by the immune
system. Moreover, it was found that the
polymorphonuclear cells in MS patients, whether
treated with immunomodulatory or
immunosuppressive  medications, had low
phagocytic activity against pathogens. MS treatment
interferes with the immunity of patients and may
raise questions about the risk of infection [7l. The
various MS therapies, each with a different
mechanism of action, are as follows: Interferon beta-
1b, Interferon beta-1a, Glatiramer acetate, Ocrevus,
Alemtuzumab, Ocrelizumab, Fingolimod, and
Natalizumab [& 9. The microorganisms that exist in
the human body play an important role in preserving
human  health. The relationship between
microorganisms and the host is essential in
pathogenesis of certain diseases, such as Alzheimer’s,
autism, Parkinson’s, and multiple sclerosis [0l
Approximately 800 different bacterial species exist in
the oral cavity, and many studies indicate the role of
oral microorganisms in the prevention and
pathogenesis of diseases such as diabetes, dental,
respiratory, and cardiovascular diseases [11. In
addition, bacteria induce inflammation and alter
several signaling pathways that lead to the release of
cytokines and contribute to the initiation of

neuroinflammation in neurodegenerative diseases
[10],

Microorganisms can enter the blood, and it is
assumed that some of them can cross the blood-brain
barrier and reach the brain and cause neurological
disorders [12, 13], Moreover, bacterial
Lipopolysaccharides (LPS) in anaerobic bacteria such
as Porphyromonas gingivalis and Bacteroides fragilis
activate Toll-Like Receptors (TLRs), leading to an
inflammatory response and overproduction of pro-
inflammatory cytokines such as Interferon gamma
(IFN-y), Tumor Necrosis Factor Alpha (TNF-a),
Interleukin-1 (IL-1), and IL-6. Furthermore, other
bacteria, such as Staphylococcus aureus, can produce
enterotoxins that may be implicated in various
autoimmune diseases 14 151, There are few studies
that consider the relationship between oral bacteria
and MS. In 2021, a study by Zangeneh et al. [11]
confirmed the relation between oral bacteria and MS,
whereby oral bacteria were increased in MS patients
compared to healthy individuals. However, previous
studies do not focus on the relationship between
bacteria and different types of MS treatment.
Furthermore, there are no studies that focus on MS
patients without medication (naive MS). Moreover,
there is an information gap regarding microorganism
detection, 1i.e, it is unclear whether the
microorganisms occurred at the outset of the disease
or later after using MS treatment.

The novelty of this study was assessing the presence
of pathogenic microorganisms in the normal oral
flora of MS patients that were not taking any
medication (the naive MS group) and comparing
them with healthy individuals. The aim of this study
was to determine the oral bacterial status in MS
patients without any medication (naive group) and
MS patients during different modalities of treatment
(Betaferon and Natalizumab) and compare them with
each other and with the healthy group.

Materials and Methods

This study is a prospective cohort study conducted at
Baghdad teaching hospital. Samples were collected
from January 20, 2022 to July 17, 2022. The identified
microorganisms were Staphylococcus aureus,
Porphyromonas gingivalis, and Bacteroides fragilis. A
Real-Time PCR (RT-PCR) was used to detect the
presence or absence of microorganisms. RT-PCR was
used as it is one of the most sensitive and accurate
methods. It was sensitive enough to detect as few as
0.001 parasites per reaction. The qPCR (quantitative
PCR) was performed using the Sa Cycler-96
instrument (Sacace Company; Italy).

Groups and treatment

The total number of patients was 120, all of whom
were volunteers and divided into four groups. The
first group comprised 30 patients with multiple
sclerosis who had been taking Natalizmab (Tysabri)
for at least one year (300mg IV infusion). The second



group comprised 30 patients with multiple sclerosis
who had been taking Betaferon for at least one year
(250mg subcutaneously every other day). The third
group included 30 patients newly diagnosed with
multiple sclerosis in different progressive stages of
the disease (naive MS patients) who were not taking
any medication yet. The fourth group consisted of 30
healthy volunteers (control group).

The inclusion criteria in the study were age between
18 and 55 years and diagnosis of multiple sclerosis
based on MC Donald 2017 criteria. The exclusion

criteria were severe gingivitis and severe
periodontitis (good oral hygiene), pregnancy, HIV,
receiving chemotherapy and/or radiotherapy,

diabetes, asthma, and any other endocrine disease.
Figure 1 shows the flow chart of the experiment.
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Figure 1) Flow chart of study design

Samples and DNA extraction

Participants were asked not drink, eat, brush their
teeth, or use mouthwash for at least 30 minutes
before swab collection. Firstly, the samples were
taken from the oral cavity using a sterile swab, which
was rotated and rubbed vigorously over the mucosa.
Pressure was put on the swabs to pick up deeply
seated microorganisms. The swab was taken from the
inner surface of the cheeks, the inner surface of the
upper and lower lips, the hard palate, and the dorsum
of the tongue. The swab was rotated for 15-20
seconds for sample collection.

The swab was kept in an Eppendorf tube with 200uL
in DNA and RNA shield until DNA extraction.
Thereafter, DNA extraction was performed using a
special kit (iNtRON Biotechnology Company; South
Korea) and according to the extraction protocol.
Real-time PCR

The real-time-PCR proceeded as follows: after
preparing the SYBR FAST qPCR master mix, the
required volume of each component was calculated
to form a 20pL final volume (Table 1).

The target region within the genome of the bacteria
was targeted by specific forward and reverse



primers. The nucleotide sequences of the primers are
shown in Table 2.

Table 1) Each component of the required volume to form a 20uL
final volume
Component

20uL

(Final volume)
KAPA SYBR FAST qPCR master mix (2X) 10Ml
universal

Forward primer 0.5uL
Reverse primer 0.5pL
Nuclease-free water Up to 4puL
Template DNA sample volume 5uL

Table 2) The forward and reverse primer sequences for each
microorganism

Bacteria Primer sequence '(]:’C) Ref
F: GCGATTGATGGTGATACGGT (F)
S. aureus R:  AGCCAAGCCTTGACGAACTAAAGC 60 [16]
(R)
P. gingivalis F: CGAATCAAAGGTGGCTAAGTTGACCG 60 [17]
-9mng R: GAGTCTTGCCAACCAGTTCCATTGC
F: GGATACATCAGCTGGGTTGTAG (F)
B. fragilis R: GCGAACTCGGTTTATGCAGTGCGAAC 66 [18]
(R)
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Real-time PCR program

The tubes were sealed and placed in different
temperatures, which were programmed in the
following steps: The first step was enzyme activation
at 95°C for 5 minutes. Then, the denaturation step
was performed at 95°C for 30sec. Thereafter,
annealing was performed for 30sec at different
temperatures: 60°C for S. aureus and P. gingivalis, and
66°C for B. fragilis. Lastly, the extension was run for
30 and 15sec and at 72°C and 90°C, respectively. RT-
PCR cycling curves are shown in Figure 2.

Statistical analysis

Data analysis was done using SPSS 22.0 software. A
p-value of less than 0.05 was considered statistically
significant and was automatically calculated by the
linear trapezoidal method. The data were analyzed
using the Chi-Square test to compare the four groups
with the different treatment modalities. Moreover,
Fisher’s exact test was used to compare both groups.
The difference between the mean ages in the four
groups was measured by a one-way Analysis of
Variance (ANOVA).
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Figure 2) RT-PCR cycling

Findings

Demographic variables such as age, disease duration
and gender were randomly distributed in the studied
groups and did not affect the results. There was no
significant difference between the four groups in
terms of mean age (p>0.05; Figure 3a). In addition,
the mean age of onset of the disease did not show a
significant difference between the three groups of
Taysabri group, Betaferon group and the naive MS
patient group (p>0.05; Figure 3b).

The bacteria detected by real-time PCR in all groups
were S. aureus, P. gingivalis, and B. fragilis. There was
a significant difference in the prevalence of S. aureus
(p=0.0001), P. gingivalis (p=0.001), and B. fragilis
(p=0.030) in four studied groups (Table 3).

For S. aureus, a significant difference was observed
between the Naive MS group (p=0.016), Betaferon
group (p=0.001), and Tysabri group (p=0.0001) with
the healthy group, as well as between Naive MS
group and Tysabri group (p=0.005). However, no



significant difference was found between the
Betaferon group and the Naive MS group (p=0.215),
also between the Tysabri group and the Betaferon
group (p=0.064; Table 4).

For P. gingivalis, a significant difference was observed
between the Betaferon group (p=0.002) and Tysabri
group (p=0.0001) with the healthy group, as well as
between Naive MS group and Tysabri group

45
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T
Tysabri drug
group

Age of Respondent

T
Healthy
volunteer group

T T
betaferron MS patent group
group

Groups

Age of onset

(p=0.020). However, no significant difference was
found between other groups (p>0.05; Table 4).

For B. fragilis, a significant difference was observed
between the Naive MS group (p=0.008), and
Betaferon group (p=0.015), and Tysabri group
(p=0.008) with the healthy group, but there was no
significant difference between other groups (p>0.05;
Table 4).

50

T T T
Tysabri drug group  beta ferron group MS patent group

Groups

Figure 3) Comparison of demographic characteristics in the studied groups (each group = 30 people)
a) Difference in mean age in the four studied groups; b) Difference in mean age of disease onset between Tysabri group, Betaferon group,

and MS patients group

Table 3) Comparison of the prevalence of oral bacteria in different groups (each group = 30 people; Numbers in parentheses are

percentages)

Oral bacteria Tysabri group Betoferon group Naive MS group Healthy group p
Staphylococcus aureus

Negative 4(13.3) 10 (33.3) 14 (46.7) 23 (76.7) 0.0001
Positive 26 (86.7) 20 (66.7) 16 (53.3) 7 (23.3) :
‘orphyromonas gingivalis

Negative 18 (60.0) 22 (73.3) 26 (86.7) 30 (100) 0.001
Positive 12 (40.0) 8 (26.7) 4(13.3) 0 (0) ’
‘acteroides fragilis

Negative 18 (60.0) 19 (63.3) 18 (60.0) 27 (90.0) 0.032
Positive 12 (40.0) 11 (36.7) 12 (40.0) 3(10.0) )

Table 4) p-values of paired comparison of the studied groups in terms of oral bacteria prevalence

Groups

S. aureus P. gingivalis B. fragilis

Naive MS group & Healthy group
Betaferon group & Healthy group
Betaferon group & Naive MS group
Tysabri group & Healthy group
Tysabri group & Naive MS group
Tysabri group & Betaferon group

0.016 0.056 0.008
0.001 0.002 0.015
0.215 0.167 0.500
0.0001 0.0001 0.008
0.005 0.020 0.604
0.064 0.206 0.500

Discussion

The relationship between host and microorganisms
plays an important role in the regression or
progression of several autoimmune disorders, such
as multiple sclerosis, rheumatoid arthritis, and
inflammatory bowel disease [1. Most studies
regarding the interactions between MS and
microorganisms are limited to gut microorganisms.
These studies suggest that gut microorganisms have
an impact on the pathogenesis of MS [19-22], However,

previous studies that have focused on the interaction
between oral bacteria and MS have been limited and
have not examined the details of volunteer patients
and whether these patients are receiving treatment.
Therefore, our data cannot be compared with
previous results [21.22],

Moreover, other study indicated that oral bacteria
may contribute to other autoimmune disorders, such
as rheumatoid arthritis, systemic  lupus
erythematosus, Sjogren’s syndrome, Crohn’s disease,



and Behcet'’s disease. There is a potential association
between oral bacteria and neurodegenerative
disorders such as Alzheimer's [10. 23, 241, The current
unique study compared the naive MS patient group
with other groups taking different treatment
modalities. Bacteria comprise the majority of
microorganisms in the oral cavity. Therefore, this
study  investigated  Staphylococcus  aureus,
Porphyromonas gingivalis, and Bacteroides fragilis.
Staphylococcus aureus is the most common
opportunistic pathogen that colonizes humans. It
causes different infections, ranging from
uncomplicated skin and soft tissue infections to more
serious and life-threatening infections. Moreover, S.
aureus may produce toxins that act as super-antigens.
These activate a large numbers of T cells and CD4
cells, which are implicated in different autoimmune
diseases, such as Wegener’s granulomatosis, MS, and
rheumatoid arthritis [16 171, As shown in the results,
six comparisons were made between groups for S.
aureus. Firstly, oral S. aureus in the naive MS patient
group was significantly higher compared to the
healthy group. These results are in agreement with
the results of Zangeneh et al. [11], even though their
study did not consider whether MS individuals were
taking treatment or not. Moreover, another study
suggested that the ability to quickly screen patients
for the existence of S. aureus may provide a marker of
potential MS exacerbation [5. Furthermore,
Marrodan et al. [25] propose that S. aureus isolated
from the upper respiratory tract and gut may be
associated with developing or exacerbating MS [26.27],
The above can be explained because Super-Antigens
(SAgs) produced by S. aureus are considered as
specific triggers, activating T cells and CD4 cells,
which may play an essential role in the development
of MS and several diseases [11, 14 28],

The prevalence of S. aureus in the Betaferon group
was significantly higher compared to the healthy
group, because the Betaferon medication causes
immune modulation, which inhibits T cells
proliferation and alters the immune response [ 291, §,
aureus in the oral cavity is considered an
opportunistic pathogen and increases the risk of
infection when the immune system is affected. Thus,
it may be implicated in several diseases [30.31], This is
in agreement with another study, suggesting that
immunomodulation is wusually linked with an
increased risk of infection [29. Although the
prevalence of S. aureus was not significantly different
between the Betaferon group and naive group, it still
slightly increased due to Betaferon-related immune
modulation. Scientists have found evidence that this
substance has an immunosuppressive effect, which
may be the reason [29],

The prevalence of S. aureus was significantly higher
in the Tysabri group compared to the healthy group
and naive group. Natalizumab (Tysabri) is a
monoclonal antibody, which prevents the migration
of autoreactive lymphocytes from blood vessels into

the target organs by binding to alpha 4-integrin.
Tysabri affects the immune response and causes
suppression in the immune system, which increases
the risk of infection [+ 29-321, S, aqureus is considered
opportunistic pathogen, and the risk of S. aureus
infection increases when the immune system is
affected, which may contribute to several diseases
331, The data of the present study are consistent with
Winkelmann et al. 129, suggesting that Tysabri
increases the risk of opportunistic infections.
Although the prevalence of S. aureus was not
significantly different between the Betaferon and
Tysabri groups, it increased in the Tysabri group
compared to the Betaferon group. These results are
in agreement with a previous study that found that
Tysabri is associated with a higher risk of infections
[71,

Porphyromonas gingivalis is well-known as a key
pathogen for periodontal disease and is considered a
major opportunistic pathogen for periodontitis [341.
The prevalence of P. gingivalis was not significantly
different between the naive MS and healthy groups,
although it was higher in the naive group compared
to the healthy group. This result is in agreement with
the results of Zangeneh et al. 1], but they found the
significant result. It may be because they did not
specify the number of patients who received
treatment compared to those who did not. In
addition, the results of the present study showed that
the prevalence of P. gingivalis in patients under
treatment (Tysabri or Betaferon) was significantly
higher compared to the healthy group, which
confirms that the treatments cause an increase in
bacterial infections. Moreover, as previously
mentioned, Betaferon and Tysabri have a
suppressive effect on the immune system and
increase the risk of infection [2°1, An abnormal
immune response is evident in periodontal
conditions and may cause periodontal disease [35 36,
The results of this study can be explained by the
virulence products of P. gingivalis, such as gingipain,
fimbrins, and lipopolysaccharide. These virulence
products may enter the bloodstream and promote
the production of cytokines. Moreover, the lipid
structure of P. gingivalis lipopolysaccharides affects
the immune system by activating TLRs, leading to an
inflammatory response associated with the
overproduction of pro-inflammatory cytokines, such
as like IFN-y, TNF-q, IL-1, and IL-6. In addition, the
spread of P. gingivalis from the oral cavity to other
sites is possible because of the formation of
circulating Outer Membrane Vesicles (OMVs), which
lead to secondary non-oral diseases [12]. Moreover, P.
gingivalis has been shown to increase other diseases
such as COVID-19 and is associated with numerous
systemic diseases, such as diabetes mellitus and
neurological disease like Alzheimer’s disease [12 34,37,
38l Additionally, P. gingivalis is related to the
progression of other autoimmune disease, such as
rheumatoid arthritis [39-431,



Bacteroidetes represent the largest phylum of
bacteria in the Gastrointestinal (GI) tract. While
commonly useful to the host when limited to the GI
tract, they have the ability to secrete pro-
inflammatory neurotoxins, which include toxic
proteolytic peptides and surface lipopolysaccharides
[42], Gut bacteria may trigger the onset of autoimmune
diseases, such as multiple sclerosis, rheumatoid
arthritis, and ulcerative colitis [43]1. The prevalence of
B. fragilis was significantly higher in naive MS patient
group compared to the healthy group. B. fragilis has
been shown to be involved in the pathogenesis of
many diseases, such as Alzheimer's and autism. The
pathogenesis is linked to the pro-inflammatory
effects of lipopolysaccharide, agglutinin, capsule, and
fimbriae [1% 42], [n addition to endotoxins, B. fragilis
can cause various diseases by expressing pro-
inflammatory cytokines and zinc metalloprotease,
metalloproteinase and B. fragilis Toxin (BFT)
fragilysin. Finally, the production of pro-
inflammatory cytokines, such as Th17, IL-17, IL-21,
and IL22, is the primary mechanism involved in
developing MS, as T cells are activated by bacteria [111.
These results are in agreement with those of
Zangeneh et al. 11, although their study did not
ascertain whether the patients were receiving
treatment or not. Furthermore, the prevalence of B.
fragilis was significantly higher in the Betaferon and
Tysabri groups compared to the healthy group.
However, when comparing both the Betaferon and
Tysabri groups with the naive MS group, the results
were not significant. Thus, future studies are needed
to resolve this matter.

The difficulty of finding a laboratory to determine the
quantity of bacteria and the short study period were
the limitations of this research. It is suggested that
more studies be done in the future to explain why the
Bacteroides fragilis does not affect MS.

Conclusion

The prevalence of oral bacteria (Staphylococcus
aureus, Prophyromonos gingivalis, and Bacteroides
fragilis) increases in naive MS patients compared to
healthy individuals. Therefore, oral bacteria are
involved in MS development. Furthermore, MS
patients are more susceptible to periodontal disease
due to high P. gingivalis presence compared to
healthy individuals, and these patients need to
receive extra care to prevent periodontal disease.
Contrarily, Bacteroides fragilis is not affected in any
of the MS treatments. However, other bacterial
species (S. aureus and P. gingivalis) increase in the MS
treatment groups, and more bacterial infections
occurs in the Tysabri treatment.
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