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Resumen

Antecedentes: El sindrome de Marfan (MFS, por sus siglas en inglés) es uno de los trastornos
genéticos del tejido conectivo que afecta a multiples érganos y sistemas, ademas, presenta
alteraciones importantes en la cavidad oral, lo cual afecta su salud bucal y otros sistemas. El
objetivo de este estudio es caracterizar la microbiota oral en individuos mexicanos con MFS,
para conocer la diversidad bacteriana presente en estos individuos, ya que es uno de los nichos

menos explorados en esta enfermedad.

Métodos: Se diseid un estudio observacional descriptivo, para colectar las muestras de placa
se le dio a cada uno de los individuos la instruccion de no realizar un cepillado dental, ni el uso
de productos de higiene oral como enjuagues, chicles o el uso de hilo dental en un periodo
minimo de 36 horas, para garantizar la formacién de una PDB madura. Las muestras se
tomaron con instrumental estéril, colocadas en tubos eppendorf con etanol al 70% vy
almacenadas inmediatamente en refrigeracion a -20 °C hasta su posterior procesamiento.
Obteniendo un total de 42 muestras de personas con MFS y personas sin MFS, 36 y 6
muestras respectivamente. La microbiota oral se evalué mediante secuenciacion de la region
V3-V4 del gen 16S rRNA, las secuencias se analizaron con QIIME2 (quantitative insights into

microbial ecology), los datos estadisticos se trabajaron con los programas SPSS y RStudio.

Resultados: La evaluacion odontolégica mostré que los individuos con MFS tienen un alto
riesgo de padecer caries dental. La asignacion taxondmica del DNA extraido de la placa
dentobacteria mostr6 a Firmicutes, Bacteroidetes, Proteobacteria, Fusobacteria,
Actinobacteria como las principales phyla identificadas. Prevotella y Streptococcus fueron los
géneros mas abundantes en ambos grupos. Veillonella se destacO6 como género

discriminatorio en ambos grupos.

Conclusiéon: Este es el primer estudio que caracteriza a la microbiota oral en individuos
mexicanos con sindrome de Marfan. Los resultados obtenidos de esta investigaciéon abren
nuevas perspectivas para un estudio a nivel traslacional para la busqueda de nuevas
condiciones y tratamientos de salud oral que puedan evaluarse a través de ensayos clinicos

en estos individuos con alto riesgo de padecer caries dental y disbiosis oral.



Abstract

Background: Marfan syndrome (MFS) is one of the connective tissue disorders that affect
multiple organs and systems. The oral cavity presents important alterations in these individuals
which affects their oral health and other systems. The objective of this study is to characterize
the oral microbiota in Mexican individuals with MFS, since it is one of the least explored niches

in this disease.

Methods: Methods: A descriptive observational study was designed, in order to collect plaque
samples, each individual was given instructions not to brush their teeth, nor to use oral hygiene
products such as rinses, chewing gum or the use of thread tooth in a minimum period of 36
hours, to guarantee the formation of a mature PDB. The samples were taken with sterile
instruments, placed in eppendorf tubes with 70% ethanol and immediately stored refrigerated
at -20 °C until further processing. Obtaining a total of 42 samples from individuals with MFS
and without MFS, 36 and 6 samples respectively. The oral microbiota was evaluated by
sequencing the V3-V4 region of the 16S rRNA gene, the sequences were analyzed with QIIME2
(quantitative insights into microbial ecology), the statistical data was processed with the SPSS

and RStudio programs.

Results: Results: The dental evaluation showed that individuals with MFS have a high risk of
dental caries. The taxomic assignment of the DNA extracted from the dentobacterial plaque
showed Firmicutes, Bacteroidetes, Proteobacteria, Fusobacteria and Actinobacteria as the
main phyla identified. Prevotella and Streptococcus were the most abundant genera in both

groups. Veillonella stood out as a discriminatory gender in both groups.

Conclusion: This is the first characterization of the oral microbiota in Mexican individuals with
Marfan syndrome. This first avenue of microbiota in MFS individuals research opens up
perspectives for study at the translational level where oral health conditions and treatments can
be evaluated through clinical trials in these individuals at high risk of suffering from dental caries

and oral dysbiosis.



Introduccion

El sindrome de Marfan (MFS) es una enfermedad genética autosémica dominante con una
incidencia estimada de 1 de cada 5,000 personas sin preferencia por etnia o ubicacion
geografica [1,2]. Actualmente, la prevalencia de esta enfermedad en México no esta definida.
El MFS es causada por una mutacion del gen FBN1 que codifica para la proteina microfibrilar
fibrilina-1, glicoproteina principal de la matriz extracelular, cuya pérdida de funcién o ausencia
conduce al deterioro del tejido conectivo [3]. La extension del dafio o condicion es variable
incluso dentro de la misma familia y afecta mdultiples sistemas, incluidos los sistemas

musculoesquelético, pulmonar, ocular, dental, nervioso central y cardiovascular [4].

Las alteraciones en el sistema cardiovascular asociadas con MFS conducen a una variedad
de condiciones patolégicas como arritmias cardiacas, enfermedad arterial coronaria, hipertrofia
ventricular izquierda, insuficiencia cardiaca congestiva, dilatacion adrtica y diseccion aodrtica se

identifica como las principales causas de mortalidad en estos individuos. [5].

Los criterios utilizados para el diagnéstico de MFS han evolucionado durante un cuarto de siglo
y actualmente fueron objeto de tres conferencias internacionales, que concluyeron con la
ultima revision de Bruselas de la Nosologia de Genth en el 2010 [6]. Los criterios para
diagnosticar MFS incluyen caracteristicas clinicas importantes, como la mutacion del gen
FBN1, la ectopia del cristalino y la enfermedad de la raiz adrtica. Sin embargo, los criterios de
diagnostico cambian con la edad, por lo que el diagndstico de MFS en un nifio puede ser mas
dificil que en un adolescente o adulto. La presencia de una variante patogénica en el gen
FBN1, o el antecedente de un familiar diagnosticado de MFS, facilita la deteccion de este

sindrome independientemente de la edad del individuo [7].

La complejidad sindromica de esta condicidén involucra diversos cambios patoldgicos en la
cavidad bucal que han sido moderadamente abordados. La literatura odontologica actual sobre
MFS se ha enfocado en determinar la presencia de una bdveda palatina alta como
manifestacion clinica menor de MFS; sin embargo, debemos recalcar que existen mas
manifestaciones clinicas a nivel oral, como apifiamiento dental, dientes largos, maloclusiones,
prognatismo mandibular, trastornos de la articulacion temporo-mandibular y cambios

estructurales de la uvula [8]. Estas manifestaciones orales asociadas a MFS aumentan el



riesgo de padecer enfermedades orales como caries y periodontitis y complicaciones

cardiovasculares como endocarditis entre otras [9].

Segun la base de datos de la microbiota oral humana, a partir de abril de 2022, hay 774
especies de bacterias orales divididas en diferentes filos, como Firmicutes, Actinobacteria,
Proteobacteria y Bacteroidetes [10,11]. Dos géneros pertenecientes a las phyla de Firmicutes:
Streptococcus y Veillonella son colonizadores iniciales y estan asociados con la formacion
inicial de placa bacteriana dental (DBP). Los cultivos mixtos de Streptococcus mutans y
Veillonella alcalescens producen niveles de acido lactico, mas altos que los cultivos que
contienen solo una de estas especies, 10 que nos muestra una relacion sinérgica entre las

especies para aumentar el riesgo de caries dental [12].

Las caries afectan las superficies duras de los dientes y como tal, no conducen a una
exposicion a nivel sistémico de estas bacterias. Sin embargo, si no se trata, la caries dental
progresa a la pulpa dental (nervios y vasos sanguineos del diente), lo que lleva a una infeccion
del conducto radicular que se propaga a las estructuras de soporte, incluido el hueso, y

aumenta significativamente el nivel de exposicion sistémica [13].

En relacién con el desarrollo de caries, se han identificado géneros bacterianos como
Streptococcus, Actinomyces, Bifidobacteria, Neisseria y Veillonella [14]. Varios taxones
bacterianos que se encuentran comunmente en la cavidad oral se detectaron en tejidos
vasculares enfermos, incluidas las especies Streptococcus, Prevotella, Capnocytophaga,
Veillonella y Porphyromonas, lo que sugiere que la cavidad oral puede ser una fuente de

diseminacion bacteriana al tejido vascular [15].

Los procesos de adhesion y formacion de biopeliculas se rigen por interacciones complejas
entre diferentes bacterias, incluido el intercambio de sefales y metabolitos y la produccion de
compuestos que inhiben o estimulan el crecimiento [16]; cuando se altera este proceso, se
promueve la formacién de lesiones cariosas en los 6rganos dentarios. Veillonella ademas de
ser un comensal de la cavidad oral, también se ha identificado en el tracto digestivo y
urogenital, y también se describe comunmente como microorganismos con patogenicidad
limitada y generalmente se asocian con infecciones polimicrobianas [17, 18]. Asimismo, el

género Veillonella juega un papel importante en la formacion de placa dental, la cual es un



proceso complejo y dinamico que involucra la colonizacion secuencial y ordenada de

colonizadores primarios y secundarios por procesos de adherencia selectiva.

Dadas las anomalias orofaciales del MFS y el hecho de que el MFS se caracterice por varios
trastornos, como dilatacion aortica, endocarditis y una mayor prevalencia de caries y
periodontitis, es relevante comprender si la microbiota oral esta alterada en el MFS, ya que
podria proporcionar informacién relevante para cuidado bucal de estos individuos [19]. Nuestro
principal objetivo fue caracterizar la microbiota oral, asi como reportar las caracteristicas

clinicas y condiciones dentales en individuos mexicanos con MFS.
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Abstract

Background: Marfan syndrome (MFS) is one of the genetic connective tissue disorders that affects
multiple organs and systems. The oral cavity presents important alterations in these individuals which
affects their oral health and other systems. The objective of this study is to characterize the oral
microbiota in Mexican individuals with MFS, since it is one of the least explored niches in this disease.
Methods: Descriptive observational design, dental plaque samples were collected from 36 individuals
with MFS and individuals without MFS. The oral microbiota was evaluated by region sequencing V3-
V4 of the gene 16S rRNA, the sequences were analyzed with QIIME2, SPSS y RStudio.

Results: Caries risk was higher in individuals with MFS. It was observed at Firmicutes, Bacteroidetes,
Proteobacteria, Fusobacteria, Actinobacteria as the main phylum identified and Prevotella and
Streptococcus were the most abundant in both groups. It was found to Veillonella as a discriminatory
genus in both groups.

Conclusion: This is the first characterization of the oral microbiota in Mexican individuals with
Marfan syndrome. This first avenue of microbiota in MFS individuals research opens up perspectives
for study at the translational level where oral health conditions and treatments can be evaluated through

clinical trials in these individuals at high risk of suffering from dental caries and oral dysbiosis.

1 Introduction

Marfan syndrome (MFS) is an autosomal dominant genetic disease with an estimated incidence of 1 in
5,000 individuals with no preference for ethnicity or geographic location. [1,2]. Currently, the
prevalence of this disease in Mexico is not defined. It is caused by a mutation of the FBNI gene that
codes for the microfibrillar protein fibrillin-1, a main glycoprotein of the extracellular matrix, whose
loss of function or absence leads to the deterioration of the connective tissue [3]. The extent of the
damage or condition is variable even within the same family and affects multiple systems including

musculoskeletal, pulmonary, ocular, dental, central nervous and cardiovascular systems. [4].



Alterations in the cardiovascular system associated with MFS lead to a variety of pathological
conditions such as cardiac arrhythmias, coronary artery disease, left ventricular hypertrophy,
congestive heart failure, aortic dilatation and aortic dissection, which are the main cause of mortality
in these individuals. [5].

Criteria used for the diagnosis of MFS have evolved over a quarter of a century and were currently the
subject of three international conferences, which concluded with the latest Brussels revision of the
Ghent Nosology [6]. Criteria to diagnose MFS include important clinical features such as gene
mutation FBNI, ectopia lentis and aortic root disease. However, diagnostic criteria change with age,
so diagnosis of MFS in a child may be more difficult than in an adolescent or adult. The presence of a
pathogenic variant in the FBNI gene, or the history of a relative diagnosed with MFS, facilitates the
detection of this syndrome regardless of the individual’s age [7].

The syndromic complexity of this condition involves diverse pathological changes to the oral cavity
which have been moderately addressed. The current dental literature on MFS has focused on
determining the presence of a high palatal vault as a minor clinical manifestation of MFS, however,
we must emphasize that there are more clinical manifestations at the oral level, such as dental crowding,
long and narrow teeth, malocclusions, mandibular prognathism, disorders of the temporomandibular
joint and structural changes of the uvula [8]. These MFS associated oral manifestations increase the
risk of suffering from oral diseases such as caries and periodontitis and cardiovascular complications
such as endocarditis among others [9].

According to the human oral microbiota database, as of April 2022, there are 774 oral bacterial species
divided into different phyla such as Firmicutes, Actinobacteria, Proteobacteria and Bacteroidetes
[10,11]. Two genera belonging to the Firmicutes phylum: Streptococcus and Veillonella are initial
colonizers and are associated with initial formation of dental bacterial plaque (DBP). Mixed cultures

of Streptococcus mutans and Veillonella alcalescens produce higher lactic, acid levels than cultures



containing only one of these species, showing us a synergistic relationship between the species to
increase the risk of dental caries [12].

Caries affect the hard surfaces of teeth and as such do not lead to systemic exposure to bacteria.
However, if left untreated, tooth decay progresses to the dental pulp (nerves and blood vessels of the
tooth), leading to root canal infection that spreads to supporting structures, including bone, and
significantly increases the level of systemic exposure [13].

In relation to the development of caries, bacterial genera have been identified as Streptococcus,
Actinomyces, Bifidobacteria, Neisseria and Veillonella [14]. Several bacterial taxa commonly found in
the oral cavity were detected in diseased vascular tissues, including species Streptococcus, Prevotella,
Capnocytophaga, Veillonella and Porphyromonas, suggesting that the oral cavity may be a source for
bacterial dissemination to vascular tissue [15].

The processes of adhesion and biofilm formation are governed by complex interactions between
different bacteria, including the exchange of signals and metabolites and the production of growth-
inhibiting or growth-stimulating compounds [16]; when this process is altered, the formation of carious
lesions in the dental organs is promoted. Veillonella in addition to being an oral cavity commensal, has
also been identified in the digestive and urogenital tracts, and is also commonly described as
microorganisms with limited pathogenicity and are generally associated with polymicrobial infections
[17,18]. Also, Veillonella genus plays an important role in dental plaque formation, which is a complex
and dynamic process that involves the sequential and orderly colonization of primary and secondary
colonizers by selective adherence processes.

Given the orofacial anomalies of MFS, the fact that MFS is characterized by several disorders, like
aortic dilatation, endocarditis and a higher prevalence of caries and periodontitis, understanding if the
oral microbiota is altered in MFS is relevant, as it might provide relevant information for oral care [19].
Our main objective was to characterize the oral microbiota, as well as to report the clinical

characteristics and dental conditions in Mexican individuals with MFS.



2 Article types

Original research article.

3 Materials and Methods

A comparative descriptive observational study of cases and controls was designed, which included
individuals of Mexican nationality who attended the "Ignacio Chavez" National Institute of
Cardiology, male and female, between 5 and 55 years of age, previously diagnosed with Marfan
syndrome by a rheumatologist from of the department of immunology of the “Ignacio Chavez”
National Institute of Cardiology with experience in connective tissue diseases (MES).

3.1 Study population

The MFS group is made up of individual with MFS met more than two Ghent criteria plus genetic
confirmation of mutation in the FBN1 gene. The individuals belonging to the non-MFS group was
made up of 6 unrelated healthy subjects in whom connective tissue disease was ruled out clinically and
were negative for FBN1, who work in the UNAM-INC Research Unit, in addition to two family
children of the workers of this unit.

All individuals with characteristics such as missing teeth, chronic alcohol or drug intake, individuals
who had undergone antibiotic treatment in the last month, as well as pregnant or lactating individuals
were excluded.

This study was approved by the ethics and scientific committees of the National Institute of Cardiology
with protocol number PT-18-079.

Informed consent was obtained for all participants, and a directed clinical history, a dental evaluation,
and DBP samples were taken.

3.2 Dental bacterial plaque (DBP) sampling

Samples of supragingival dental bacterial plaque were collected from the four quadrants of the oral

cavity using a disposable sterile spoon. Individuals were instructed to avoid tooth brushing, flossing,
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and mouth washing for 48 to 72 hours prior to sampling. Samples were placed in Eppendorf tubes with
70% ethanol (Sigma) and frozen at -20°C until processing.

3.3 DNA isolation

DBP DNA isolation was performed following the manufacturer's protocol using the commercial kit
EZ-10 SPIN COLUMN GENOMIC DNA MINIPREPS KIT (Bio Basic Inc, Markham, Ontario,
Canada). DNA concentration and purity was determined using ultraviolet—visible spectrophotometry
using the NanoDrop 2000c (ThermoFisher Scientific Waltham, MA, US). The absorbance ratio as an
indicator of protein contamination (A260/280) was determined for each sample, only samples with a
A260/280 between 1.8-2.0 were considered. DNA integrity was determined by electrophoresis on a
1% agarose gel stained with ethidium bromide (Sigma) and visualized on a ChemiDoc MP™ UV
transilluminator (Bio-Rad Hercules, CA, US).

3.4 16S rRNA sequencing

DNA was sent to NOVOGENE Co. (Beijing, China) for library preparation and sequencing. Primers
targeting the V3-V4 region were used: 341F: CCT AYG GGR BGC ASC AG; 806R GGA CTA CNN
GGG TAT CTA AT.Paired-end sequencing was performed using the Platform Novaseq 6000 and 500
cycles (Illumina, San Diego, CA, USA).

3.5 16S rRNA data analysis

Demultiplexed raw FastQ files (R1 and R2) were processed using “Quantitative Insights Into Microbial
Ecology 2” (QIIME2) v.2020.11 (Quantitative Insights into Microbial Ecology). Dada2 plugin was
used to merge paired-endfastq files, denoising by removing chimeras and construct a table of amplicon
sequence variants (ASV). Taxonomy was assigned using the Human Oral Microbiome (¢HOMD)
v.15.2 at 99% identity pre-trained for the V3-V4 region. Rarefaction curves were performed at a
sampling depth of 108,869 sequences. Alpha-diversity was estimated using 3 metrics: Observed
features, Shannon and Chaol. Beta-diversity was performed using the Bray Curtis dissimilarity index

and visualized using principal coordinate analysis (PCoA).
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3.6 Statistical analysis

Data was analyzed using R v.4.1.2, for the taxonomic profiles between the two study groups and for
the alpha diversity data, the test of U Mann-Whitney; Linear Effect Size Discrimination Analysis
(LEfSe) algorithm was also applied with a value LDA de 3.5 and p<0.05, to identify taxa that may be
differentially present between groups.

Beta diversity analysis was determined using the Bray Curtis discrimination index; in the PCoA, the
distribution of study subjects grouped by gender and health status is defined; it was determined that
the dispersion of the populations is homogeneous (BETADISPER), p value was obtained by the

Permutation Multivariate Analysis of Variance (PERMANOVA).

4 Results

4.1 Population

Forty-two male and female subjects, aged between 5 and 55 years, were included: 36 were diagnosed
with MFS making up the MFS group (85.7%) and 6 subjects were included in the non-MFS group
(14.3%) with an average age of 18.93 years in both groups, the distribution by gender was represented
by 26 men (61.9%) and 16 women (38.1%) of the total population (Table 1). Oral health status was
determined by dentists and assessed using standardized indices as recommended by the World Health
Organization to express caries experience, likewise, the permanent teeth/deciduous teeth (DMF) index
of Klein and Palmer was determined to objectively indicate the rate of dental caries. [20]. In this
evaluation, 8 caries-free individuals (19.05%) were found and 34 of them presented a minimum of one
caries (80.95%). The individuals of the MFS group showed a high number of caries, being the subjects
>25 years old with the highest risk of caries, while the non-MFS group had a lower risk of caries.
(Table 2).

4.2 Composition of oral microbiota
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In order to verify the subsampling performed, a rarefaction curve was performed based on the observed
species, which was almost asymptotic with increasing sequencing, indicating that the sequencing data
was sufficient to cover practically all species in all samples and determine the taxonomic identification
at a sequence depth of 108,869 (Figure supplementary 1).
Phylum
We found that the main phyla in both groups are represented by Firmicutes, Bacteroidetes,
Proteobacterias, Fusobacteria, Actinobacteria, which correspond to an abundance of 98.16% of all
the samples.
For the non-MFS group, the frequency of the main phyla corresponds to Bacteroidetes with 28.74%,
Firmicutes (28%), Proteobacteria (16.76%) and Fusobacteria (15.74%).
The MFS group presented an abundance of Firmicutes (27.62%) Bacteroidetes (23.45%),
Proteobacteria (19.67%) and Fusobacteria (16.62%) (Figure 1A).

a) Genus
A total of 132 genera were found, with 87.93% of the relative abundance represented by 15 genera
including Prevotella (13.04%), Streptococcus (11.27%), Veillonella (9.77%), Leptotrichia (8.5%)
Fusobacterium (8%) Haemophilus (7.02%), Neisseria (6.38%), Corynebacterium (5.65%),
Porphyromonas (4.5%) and Capnocytophaga (3.13%), the remaining represented by the 22.74%.
In the non-MFS group, Streptococcus (16.04%), Prevotella (15.76%) and Fusobacterium (8.23%) have
the highest abundance, while in the MFS group the most abundant genera correspond to Prevotella
(12.59%), Veillonella (10.68%), Streptococcus (10.47%); It is worth noting that Veillonella (4.3%) is
less abundant in the non-MFS group (Figure 1B).
4.3 Diversity and richness of the oral microbiota
Richness determined by Observed features and Chaol, was lower in the MFS group with a median of

571.5 and 586.8 species, respectively. Similarly, the abundance of each group was defined by means
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of the Shannon index, where a lower abundance was found in the Marfan group, showing a metric of
4,739 units. On the contrary, the non-MFS individuals presented a median of 590 and 614.6, in relation
to the Observed features and Chaol index; while the median of the Shannon index was 4,904 units.
The comparison of alpha diversity between both groups did not show statistically significant
differences (Figure 2A).

The analysis of variance between the MFS and non-MFS groups, observed in PCoA defined by the
distance matrix by Bray Curtis, shows that 3.7% of the variance is influenced by the state of health
among the subjects of the non-MFS group and MFS (PERMANOVA, R2= 0.037, p=0.026) (Figure
2B)

4.4 Characterization of oral microbiota in non-MFS and MFS individuals

In the frequency analysis of the main taxa, we found Prevotella, Streptococcus and Veillonella as the
most abundant genus in both groups, the first two being more abundant in the non-MFS group,
however, Veillonella is more abundant in the MFS group (Figure 3A).

To compare the composition of the oral microbiota of the non-MFS group and the MFS group, linear
discrimination analysis with effect size was used (LEfSe) [21]. This analysis revealed Veillonella as a
discriminatory genus for MFS both groups both groups (Figure 3B).

5 Discussion

The relationship between the oral microbiota and its host is known to be dynamic. The microbiota in
subjects without alterations or diseases is usually very stable; however, alterations in the oral ecosystem
such as anatomical malformations, poor hygiene, physiological and genetic alterations, lifestyles can
cause dysbiosis and loss of balance or diversity of microorganisms present in dental plaque and increase
the associated risk of disease [22, 23, 24]. Recent data from the scientific literature suggest that there
is a link between the development and/or aggravation of certain systemic pathologies and the

appearance of an imbalance in the oral microbiota [16, 25, 26].
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In our study we were able to characterize for the first time the taxonomic profile of the oral microbiota
in individuals with MFS, which can serve as a basis for monitoring the oral microbiota in relation to
various systemic alterations.

Our results show that Firmicutes was the more abundant phylum in our cohort without significant
differences between MFS and non-MFS groups; this suggests that the heterogeneity of the data could
be due to the size of the sample. The relative abundance of phyla Firmicutes and Bacteroidetes is highly
variable between subjects of the same population, and is related to factors associated with lifestyle,
diet, hygiene habits, among others. This could explain the results observed in both groups, making it
difficult to associate the ratio Firmicutes/Bacteroidetes with a certain state of health [17].

In this population, it was observed that genera such as Prevotella and Streptococcus were more
abundant in both groups; this finding may be related to the participation of the Streptococcus in the
formation of an acid medium, which is conducive to acid-tolerant genders such as Prevotella [27].

In relation to the taxa identified at the genus level, a significant difference was found in Veillonella
between the non-MFS and MFS groups by analyzing LEfSe, being discriminant of the MFS group; at
this point, significant differences have been described in the comparison of children with and without
caries, in the genus Veillonella, Lactobacillus and Lachnoanaerobaculum. This coincides with our
population, where Veillonella is significantly more frequent in MFS individuals, who presented a
higher caries index [28]. On the other hand, genera associated with an oral health condition have been
reported, such as Corynebacterium, which was identified more frequently in non-MFS individuals of
this population [29].

The analysis of alpha diversity in individuals with and without caries, did not determine a statistical
difference using the Shannon and Chaol index, which coincides with the analysis of the present
population [28]. On the other hand, the beta diversity analysis determined that the dispersion of the
populations is homogeneous, this suggests that the heterogeneity of the data could be due to the size of

the sample groups.
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Species of Veillonella genus have also been associated with cardiovascular diseases, such as in
individuals with prosthetic valve endocarditis or prosthetic atrial infection [30, 31]. Similarly, multiple
cases of endocarditis caused by Veillonella species have been reported [32]. It should be noted that
the authors mention that, on rare occasions, Veillonella ssp have been the only etiological agents in
serious cardiovascular infections. The possible sources of infection with this microorganism are still
unknown, although Veillonella is often involved in periodontal disease and dental plaque formation.
This gives us a possible starting point by giving you the importance of characterizing the oral
microbiota of individuals with MFS and its multiple systemic repercussions, without forgetting cardiac
conditions as the main cause of mortality. Species from the oral cavity, such as Streptococcus
periodonticum, S. mutans, Streptococcus sinensis, Streptoccoccusinfantis, Streptococcus
parasanguinis, Fusobacterium nucleatum, Fusobacterium periodonticum, Porphyromonas pasteri,
and Aggregatibacter segnis, have been isolated from subjects undergoing aortic replacement; These
species also correspond to the most frequent genus in our population, so it is suggested that they may
have the same participation in individuals with MFS and some cardiovascular alteration. [33].

6 Conclusion

This is the first characterization of the oral microbiota in people with FMS in Mexico. Showing that
caries risk in this population (MFS) is high. The main taxa at the phyla and genus level were identified,
and in MFS a relatively higher abundance of the genus Veillonella was found, which corresponds to a
bacterium related to heart disease. This first avenue of investigation of the microbiota opens
perspectives for future studies at the translational level where oral and systemic health conditions and
treatments can be evaluated through clinical trials, as well as studies directed at the mechanisms of
immune response that participate at the oral level. oral.

However, there were some limitations in this study. First, the healthy subject samples were only 6,

which is too small to minimize experimental bias and make a group comparison. Second, to determine
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the association of Veillonella with MFS, it is necessary to analyze the clinical, biological, and social
variables associated with cardiovascular disease.

Given the limitations, studies with more individuals are needed to confirm the results of this study.
Future implications in this type of studies will allow new hypotheses based on the association of oral
damage with cardiovascular alterations.
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Table 1. Demographics characteristics of the

individuals

non-MFS MFS  p-value
Sample size 6 (14.3) 36 (85.7)
Gender *0.18
Male 2 (4.8) 24 (57.1)
Female 4 (9.5) 12 (28.6)
Age,years >0.409
0to 10 2 (4.8) 9 (21.6)
11 to 20 0(0) 16 (38.4)
21t0 30 2 (4.8) 6 (14.4)
31 t0 40 2 (4.8) 3(7.2)
41 to 50 0(0) 1(2.4)
51 to 60 0(0) 1(2.4)

Note. Data is presented as n (%)

*Fisher exact test

>U- Mann Whitney
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Table 2. Caries experience in group with non-MFS versus MFS group

Age groups Health status n Median Range DMF index
Al individuals nolr\‘/il;“SFs 366 60'159 0(1'138 ég
non-MFS 2 1.5 0-3 3
0-17y§ MFS 23 5.83 0-18 7.34
non-MFS 1 0 0 0
18-25y§ MFES 5 8.2 0-13 9.8
95 non-MFS 3 0 0 0.66
y8 MFES 8 6 0-14 12.75

Note. DMF index: decay-missing-filled index (Very low 0-1.1, Low 1.2-2.6, Moderate 2.7-4.4, High 4.5-6.5, Very high >6.6)
§ Leveled according to epidemologic significance of index. [20, 34]
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Figure legends
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Figure 1. Relative abundance of oral microbiota in non-MFS and MFS groups. A) Phylum level and

B) Genus level.
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Figure 2. Oral microbiota diversity analysis in non-MFS and MFS subjects. A) Alpha diversity based
on Observed features, Chaol and Shannon index. B) Principal coordinate analysis (PCoA) based on
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22



Em MFS

A) Bacteroidetes; Prevotella - { -L1 B)

Firmicutes; Streptococcus _IT
Firmicutes; Veillonella I :[: Veillonella

Fusobacteria; Leptotrichia
I I I I

Proteobacteria; Haemophilus

;E
- 0 1 2 3 4 5
) e :; LDA SCORE (log 10)
LrL

I Veillonella
Health status

class: non-ME]

EJ MFS
non-MFS

Actinobacteria; Corynebacterium

Proteobacteria; Neisseria i[- —
Bacteroidetes; Porphyromonas :P 0.20
[}
. < o
Bacteroidetes; Capnocytophaga 3 ;D - c
]
Firmicutes; Selenomonas [? c 015
. =1
o
Bacteroidetes; Alloprevotella —l——l ©
[
. > 0.10
Proteobacteria; Aggregatibacter H_L,A -‘%
Actinobacteria; Actinomyces T . o
0.05
1 3 10 30

Read counts

Figura 3. Analysis of the principal genus in non-MFS and MFS subjects. A) Frequency of more
abundant genus by health status. B) LEfSe analysis referring the genus associated to non-MFS and
MEFS subjects; the upper graph refers the genus shown as biomarkers by health status; the lower graph
refers the relative abundance of the genus Veillonella in MFS subjects (LDA score 3.5, p<0.05, black

line refers median, dot line refers median).

23



Supplementary Material

Supplementary Figures

i i it M43
wWis
Moaz
=
Q Maa0
<° —
e
2 g |
§ 9
%
w
o
Q —
~
o —{
I 1 1 1 | 1 1
0 10000 20000 30000 40000 50000 60000
Sample Size

Supplementary Figure 1. Supplementary figure 1. Rarefaction curves of oral microbiota in

non-MFS and MFS subjects.

24




Discusion

Se sabe que la relacion entre la microbiota oral y su huésped es dinamica, en sujetos
sin alteraciones ni enfermedades suele ser muy estable; sin embargo, alteraciones
en el ecosistema oral como malformaciones anatémicas, mala higiene, alteraciones
fisiologicas y genéticas, estilos de vida pueden causar disbiosis y pérdida del
equilibrio o diversidad de microorganismos presentes en la placa dental y aumentar
el riesgo de enfermedad asociadas a la placa. [22, 23, 24]. Datos recientes de la
literatura cientifica sugieren que existe un vinculo entre el desarrollo y/o
agravamiento de determinadas patologias sistémicas y la aparicion de un
desequilibrio en la microbiota bucal [16, 25, 26].

En nuestro estudio pudimos caracterizar por primera vez el perfil taxonémico de la
microbiota oral en individuos con MFS, lo que puede servir como base para
monitorear la microbiota oral en relacion con diversas alteraciones sistémicas.
Nuestros resultados muestran que Firmicutes fue el phylum mas abundante en
nuestra cohorte sin diferencias significativas entre los grupos MFS y no MFS; esto
sugiere que la heterogeneidad de los datos podria deberse al tamafo de la muestra.
La abundancia relativa de las phyla Firmicutes y Bacteroideteses muy variable entre
sujetos de una misma poblacion, y esta relacionada con factores asociados al estilo
de vida, dieta, habitos de higiene, entre otros. Esto podria explicar los resultados
observados en ambos grupos, dificultando la asociacion de la relacion
Firmicutes/Bacteroidetes con un determinado estado de salud [17].

En esta poblacion se observé que géneros como Prevotella y Streptococcus fueron
mas abundantes en ambos grupos; este hallazgo puede estar relacionado con la
participacion de Streptococcus en la formacion de un medio acido, lo que favorece
géneros tolerantes al acido como Prevotella [27].

En relacidon con los taxones identificados a nivel de género, el analisis LEf Se mostré
diferencia significativa en Veillonella entre los grupos no MFS y MFS, siendo mas
frecuente en el grupo MFS; en este punto se han descrito en otros estudios
diferencias significativas en la comparacion de nifios con y sin caries, en los géneros

Veillonella y Lactobacillus. Esto coincide con nuestra poblacién, donde Veillonella

25



es significativamente mas frecuente en individuos con MFS, quienes presentaron
un mayor indice de caries [28]. Por otro lado, se han reportado géneros asociados
a una condicion de salud oral, como Corynebacterium, que se identific6 con mayor
frecuencia en individuos sin MFS de esta poblacion [29].

El anadlisis de la diversidad alfa en individuos con y sin caries, no determiné
diferencia estadistica mediante el indice de Shannon y Chao1, lo cual coincide con
el analisis de la poblacion actual [28]. Por otro lado, el analisis de diversidad beta
determind que la dispersion de las poblaciones es homogénea, esto sugiere que la
heterogeneidad de los datos podria deberse al tamafio de los grupos muestrales.
Las especies del género Veillonella también se han asociado con enfermedades
cardiovasculares, como en individuos con endocarditis de valvula protésica o
infeccion auricular protésica [30, 31]. De manera similar, se han informado multiples
casos de endocarditis causada por especies de Veillonella [32]. Cabe sefalar que
los autores mencionan que, en raras ocasiones, Veillonella ssp han sido los unicos
agentes etiolégicos en infecciones cardiovasculares graves. Las posibles fuentes
de infeccion por este microorganismo aun se desconocen, aunque Veillonella suele
estar implicada en la enfermedad periodontal y la formacién de placa dental. Esto
nos brinda un posible punto de partida al brindarles la importancia de caracterizar la
microbiota bucal de los individuos con MFS y sus multiples repercusiones
sistémicas, sin olvidar las afecciones cardiacas como principal causa de mortalidad.
Se han aislado especies de la cavidad oral, como Streptococcus periodonticum, S.
mutans, Streptococcus sinensis, Streptoccoccus infantis, Streptococcus
parasanguinis,  Fusobacterium nucleatum, Fusobacterium  periodonticum,
Porphyromonas pasteri y Aggregatibacter segnis, de sujetos sometidos a reemplazo
aortico; Estas especies también corresponden al género mas frecuente en nuestra
poblacion, por lo que se sugiere que puedan tener la misma participacion en

individuos con MFS y alguna alteracién cardiovascular. [33].
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Conclusion

Este es el primer estudio que caracteriza a la microbiota oral en individuos
mexicanos con sindrome de Marfan, el cual demuestra que el riesgo de caries en
MFS es alto. Se identificaron los principales taxones a nivel de phyla y género, y en
MFS se encontré una abundancia relativamente mayor del género Veillonella, que
corresponde a una bacteria relacionada con enfermedades cardiovasculares. Esta
primera via de investigacion de la microbiota abre perspectivas para futuros estudios
a nivel traslacional donde se puedan evaluar condiciones y tratamientos de salud
bucal y sistémica a través de ensayos clinicos, asi como estudios dirigidos a los
mecanismos de respuesta inmune que intervienen a nivel oral.

Sin embargo, hubo algunas limitaciones en este estudio. Primero, las muestras de
sujetos sanos solo fueron 6, lo cual es demasiado pequefo para minimizar el sesgo
experimental y hacer una comparacion de grupos. En segundo lugar, para
determinar la asociacién de Veillonella con MFS, es necesario analizar las variables
clinicas, biolégicas y sociales asociadas a la enfermedad cardiovascular.

Dadas las limitaciones, se necesitan estudios que incluyan un numero mayor de
pacientes MFS que permita conocer mas sobre la diversidad de la microbiota oral y
pueda ser asociada con las variables clinicas de este sindrome, lo que permitira la

correlacion del dano oral con las alteraciones cardiovasculares.
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