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ABSTRACT

The relation between human beings and their orarofiiora initiates little after birth and lasts tbughout life.
Oral microbes, like fungi, are a complex communiigpvironmental fungi, mold, and yeast enter thel cavity
through air, food and fomites, among others. Thal enicrobiome and its fungal component (mycobioare)
critical health and disease component; howevelelitt known and it has not been characterized lyethis study
there have been cultivated an identified fungi freativa samples from a hundred healthy subjects livieoin the
State of Puebla, determining oral fungal biodivgraising Shannon’s index. The species richnedseirltivable
basal mycobiome conformed by 241 filamentous aastyengi including 16 genera and 29 species (@mvirental,
pathogenic and opportunistic); of which 81.25% esponded to phylum Ascomycota, 12.5% Zygomycota and
6.25% Basidiomycota. Being Candida albicans (18.57&nicillium sp (12.03%) and Cladosporium sp €94
the dominant species. Obtaining a Shannon diveisiex H™: 0.99. This study identified the cultilealbasal
mycobiome in healthy subjects of various populatirom the neovolcanic axis in the state of Puebdaich is
proposed as an indicator of the risk in developnadritingal infections.
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INTRODUCTION

Fungi are cosmopolitan organisms that colonize r@nchin in various natural environments that inclérden the
ground to the oral human cavity. However, its disiiion varies according to the various regiongha world,
weather and local specific environments [35]. la lluman body, some of them may be encounteredizigrthe
skin and annexes, oral cavity and mucosal. Noneskelthe ones in the environment can enter thrabghsion,
implantation, inhalation or drinking water, contagth fomites, dust particles, bioaerosols or caoritated food [4,
27]. Other interactions between fungi and humanitheare respiratory allergies, sick building synaie and
establishment of endemic areas. Exposition to sporeits metabolites may have potentially negaéffects in
health both public and environmental [29]. The amality it is a complex habitat for microorganismshealthy
subjects, and to understand the nature of thisdaotien it is required to know the microbial comrityrin the oral
cavity of healthy individuals. It has been reportbdt the endogenic fungal flora plays an importeoié in
nutrition, carcinogenesis and resistance to co#ditin by opportunistic microorganisms [10]; the wlyimme is the
fungal component that resides in the oral cavitg generally are saprobiotic fungi, but some of theam be
pathogenic and/or opportunistic, therefore theycagsidered critical components in the generatfomyrosis, and
they have been proposed as triggering indicatardiding influence in oral diseases, especiallppportunistic
mycosis, principally candidosis, which are exactrthain individuals with some immunocompetence or
inmunocompromised, but can be present in healtidjviduals in 25 to 30% [19]. The species ©andida
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constitutethe oral mycobioma of humans and its opportunisimfisenced by many factors like immunological
state, hygiene, dental amalgams, nutritional, calfigeographic and environmental state, amongrsttas it has
been described by Ghannownhal, (2010) [16]. Also, social and economic factdifestyle and globalization, are
critical in the association of certain speciesCaindidathat reside in the oral cavity of individuals frorarious
geographic areas, with no hygiene habits, whictelmere morbidity as it has been demonstrated byaGamyake
et al, (1982) [34]. The state of Puebla is in the ceafehe Mexican republic; it has an area of 33,886 and part
of the state is within the neovolcanic axis, whadnfides it geographic characteristics that favmar éxistence of
microclimates, with dry areas in the southwest,pgerate in the center and tropical in the northaast southeast;
inhabited mostly by farmers with low education leaad low incomeper capita,giving origin to urban and rural
areas with various lifestyles and different levefsmarginalization [9, 17]. Therefore, the objgetiof this study
was to describe and quantified the biodiversitytraf basal cultivable mycobiome on the oral cavityhealthy
individuals in rural and urban populations in tlewwolcanic axis in Puebla (PNA).

MATERIALS AND METHODS

Ethics report
An informed consent was obtained from all the parséinis. The protocol was approved by the ethics careenof
the Environmental Sciences postgraduate program fihe Science Institute of University of Puebla.

Participants

They were included 100 healthy volunteers, withgighs or symptoms of disease, over 18 years olasmokers,
and without any antifungal medication. The partcifs were from four rural areas, Chignahuapan, irRibrtes
Gil (EPG), Tehuitzingo y Tepeaca (20 individualsnfreach place) and 20 individuals, were from dg afitPuebla,
corresponding to an urban area. The samples ofiedildual were obtained in the time period fromt@ber 2010
to September 2011. The five geographic areas arafwithin the PNA (Figure 1).

Social and economic conditions

The four rural areas analyzed, were marginalizedsgrwith little resources, well water consumptiatrines and
almost null hygienic measures. The urban non maitigied area (Puebla city), with a modern lifest@dkctricity,
drinking water and all the services). Data from tidational Population Council (CONAPO) and
National Institute of Statistics and Geography (BNEwas consulted to know the marginalization ineeand the
economic activities respectively, from the studiesgraphic areas [9, 17].

Sampling from the oral cavity

Samples were obtained from saliva of the partidigathey were collected using volumetric technigsjer fasting
conditions, without having a prior cleaning, appnaately at the same hour. For the sampling, theviddals were
asked to deposit the saliva in plates containingtibee Sabouraud Agar (BioxdrMéxico), short after; they were
transferred to the laboratory in containers wittemperature of 4°C, and they were seeded by sugainsion.
Later the plates were incubated at 28°C for 20 dessping a daily journal.

Identification

For the identification of filamentous fungal, rediegs were realized, until axenic cultures wereadtgd, and from
these, microcultures technique were made, whicle w&ined with cotton blue and identified throughiaroscopic
test (40x), following taxonomic keys described pesialized texts [6, 12, 30]. Isolated yeasts widentified

phenotypically and through a standard identificatilystem APY 20C AUX (Biomerieux, México), th€andida
species were reseeded in a chromogenic agar (CHRfaMBandida PP México) and in the APICandida
system (Biomerieux, México).

Biodiversity index

The Shannon index was used [21] HS=;pi log, p, from S ton; where: S= number of species (species richrgss)
= proportion of individuals from speciéi regard to total of individuals (relative abunde of specien: n/N, n;=
number of individuals from specigsN = total of individuals from all the species.

Statistic analysis

A descriptive analysis of the data was realizedh\&tatgraphics plus 5.1. The variables were predewith their
absolute frequency and percentage. The KruskalisMakt was applied to the biodiversity indexes arsdatistical
significance level of P<0.05 was used.
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Taken from: INEGI, 2011

RESULTS

Demographic data from the participants

The demographic characteristics of the participamte the following: age average of 36.47+9.91 yedd women
and 30 men, nonsmokers, 80 individuals from rurahs (Chignahuapan, Emilio Portes Gil, Tehuitziggepeaca)
and 20 individuals from urban area (Puebla), witthhmarginalization rates like area Emilio Portas(G.413) to
very low in the city of Puebla (-1.62), as shownahle 1.

Tablel. Demographic and social characteristics frorthe participants

Location Chignahuapan EPG Puebla Tehuitzingo Tepeac Total
Genus 3 Q J Q 3 2 d Q d @
No. of
individuals 8 12 0 20 8 12 9 11 5 15 100
Age 44.2+15.| 48.5+19. | 43.7£15.| 23.7+2. | 22.6%1.  30.7+1 [ 34.4+15.| 47.615.0 | 32.86+10.0| 36.47%9.9
(years) 6 1 1 2 3 1 2 2 6 1
Marginalizati -1.12 (low) 0.413 (high) |  -1.62 (verylow)|  -0.71%ddium) -1.318 (low) -
on index*
Economic . . University . .
activity ® Farming Farming population Farming Farming -
Type Of. Rural Rural Urban Rural Rural -
population

a: CONAPO, 2011.
b: INEGI, 2011.

Mycobiome

The species richness in the basal cultivable myrobiwas formed by a total of 241 filamentous fusglates and
yeast fungi (Figure 2), included in 16 genera afAdsecies ( environmental, pathogenic and oppatiaji of
which 81.25% corresponded to phylum Ascomycotab%?to phylum Zygomycota and 6.25% to phylum
Basidiomycota. The predominant fungi were found the phylum Ascomycota (Figure 2), family
Saccharomycetaceae, of whi€andida albicans(18.67%) was the most abundant, followed Rsnicillium sp
(12.03%) yCladosporiunmsp (9.96%) as shown in table 2.

Table2. Fungal richness presents in the oral cavitymycobioma) from healthy individuals in the PNA aeas.

Location Chignahuapah EP{G  Puellla Tehuitzifgo Tepgatotal | % of frequency
No. of samples 20 20 20 20 20 100 -
No. of isolates 28 38 43 53 79 241 -
Shannon biodiversity index (H’ 2.37 1.93 1.7p 1.44 0.95 0.99 -
Acremoniunsp. (A) - 2 - - 2 4 1.66
Alternariasp. (A) 2 3 8 - 3 16 6.6
Aspergillus candidugA) - - - - 1 1 0.41
Aspergillus flavugA) - - - - 1 1 0.41
Aspergillus humicolgA) - - - - 1 1 0.41
Aspergillus janugA) - - - - 5 5 2.07
Aspergillus oryza¢A) - - - - 1 1 0.41
Aspergillussp. (A) 2 - 2 2 - 6 2.49
Candida albicangA) 4 12 5 5 19 45 18.67
Candida glabratgA) - - 1 1 3 5 2.07
Candida kruze{A) - 2 9 3 9 23 9.54
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Chignahuapan

Candida parapsilosi§A) 7 - - - - 7 2.9
Candida tropicaligA) - 7 3 3 6 19 7.88
Cladosporiunsp. (A) 4 2 9 8 1 24 9.96
Cunninghamellasp. (Z) - - - 1 - 1 0.41
Fonsecaea pedros@h) - - - 12 - 12 4.98
Fusariumsp. (A) - 1 - 1 0.41
Geotrichumsp. (A) - - 1 - - 1 0.41
Paecilomycesp. (A) - 1 - - 3 4 1.66
Penicillium carneunA) - - - - 3 3 1.24
Penicillium claviformgA) - - - - 1 1 0.41
Penicillium frequentanéA) - - - - 1 1 0.41
Penicillium marneffei(A) - - - 1 1 0.41
Penicilliumsp. (A) 5 3 1 10 10 29 12.03
Rhizopussp. (2) - - 4 1 - 5 2.07
Rhodotorula rubrgB) 1 1 - 1 - 3 1.24
Scopulariopissp. (A) 2 3 - 5 7 17 7.05
Trichodermasp. (A) 1 1 - - 1 3 1.24
Verticillium sp. (A) - 1 - - - 1 0.41
Ascomycota, B: Basidiomycota, Z: Zygomycota
1 — O Acremonium B Alternaria
2 7
OAspergillus candidus O Aspergillus flavus
10 B Aspergillus humicola O Aspergillus janus
5 B Aspergillus oryzae O Aspergillus
B Candida albicans H Candida glabrata
OCandida kruzei O Candida parapsilosis
H Candida tropicalis B Cladosporium
B Cunninghamella B Fonsecaea pedrosoi
7 B Fusarium O Geotrichum

EPG

Puebla

Tehuitzingo Tepeaca

OPaecilomyces

OPenicillium claviforme

OPenicillium marneffei

B Rhizopus

O Scopulariopis

DOVerticillium

by number of isolates of each fungus.

Scholars Research Library

O Penicillium carneum

O Penicillium frequentans

O Penicillium

O Rhodotorula rubra

O Trichoderma

Figure2. Oral mycobiome richness distribution fromthe individuals in the NAP represented by locatiorand
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Figure3. Venn diagram that shows the dominant gener(C. albicans 18.67 %,Cladosporium 9.69 %y
Penicillium 12.03 %) in the oral cavity mycobiome of the partiipants in each community.

Puebla

Tehuitzingo

Mycobiome biodiversity

The fungal diversity in the oral cavity of healtimgividuals in each one of the studied locatioepresented by the
Shannon index of biodiversity (H"), is shown inl&al2. It was found a total diversity of H=0.99,irmp the
Chignahuapan location, with 28 isolates, include8& genera and 9 species, the one with more diy€isi=2.37),
where 87.5% corresponded to Ascomycetes and 1205Basidiomycetes. In the EPG location, with 38 ased,
included in 10 genera and 12 species, the biodtyarslex was H'=1.93 and 90% of the isolates waseomycetes
and 10% Basidiomycetes. The locality in Pueblahwi3 isolates, included in 7 genera and 10 speties
biodiversity index was H'=1.72, 85.70% correspontiedscomycetes and 14.30% to Zygomycetes. Indbality
of Tehuitzingo, with 53 isolates, included in 9 gemand 12 species, the biodiversity index was H4166.66%
corresponded to Ascomycetes, 22.22% to Zygomycanes11.11% to Basidiomycetes. Whereas in the Tepeac
locality, with 79 isolates, got the lowest biodisiy index (H'= 0.95), and 100% of these were Asgoetes.

On the Venn diagram (Figure 3), constructed with shiperposition of the mycobiome of each sampledlity,
showed that. albicans(18.67 %),Penicillium sp (12.03%), an€ladosporiumsp (9.96%), were the predominant
genus and species in the five geographic areasShaenon probability, which indicates the probapif finding a
microorganism for every 100 microorganisms (Figlirewas calculated for each species and/or gerasept in the
oral cavity mycobioma of the participant individsiahnd the higher probabilities corresponde@aadida albicans
(0.31), followed by the genuBenicillium sp (0.25), and the speci€andida kruzei(0.25) andCladosporiumsp
(0.22).
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Figura 4. Graphic of the Shannon probability frequency of the mycobiome richness in the oral cavity of
healthy individuals in PNA.

DISCUSSION

The mycobiome in the oral cavity of humans has lexn yet established, which definitely constitiaegreat
challenge, since the knowledge of how it is formmdy be transcendental in understanding the raleftingi play
in the relation with their host and the rest of thgcobiome, both in health and diseaddowadays, there are few
studies that address this issue, for most of thenfcgus on the study of bacterial microbiome [36]México, the
situation is not different, since there is not if@tion about the mycobiome on its population, gr@present work
constitutes the first input on the components efrttycobiome, considering rural and urban populatisince there
is work indicating that various diets and lifesgjlamong others, influence its composition [25].

In the present work, the mycobiome of the partiotdadividuals was constituted by 241 cultivabledy forming
these, the basal fungal richness in the oral castipwing that the fungal component is not limitedew species,
particularly Candida like it was thought [10], but it is formed by aegt number of fungal cultivable genera, as it
was observed in this study, as well as non-cultevapenera, like it has been described in otheepafi6]. Other
fungi, besidesCandidg have been reported to be in the oral cavity, agnwhich areS. cerevisiae, Penicillium,
Geotrichum, AspergilluandScopulariopsig35].

On the other hand, from the cultivable fungi obtaiyC. albicans(18.67%),Cladosporium(9.96%) andPenicillium

(12.03%) dominated, coinciding the first two witletfrequency observed in the recent work of Ghammeual,

(2010), whom also did a study in healthy individuah this way, our work reassures that the distiim and profile
of the fungal species in the oral cavity of thetiggrant individuals is complex.

Also, the results of the species distribution ia thfferent rural areas included in this work, raeel a variation in
the distribution of these, being Chignahuapan tlvation with the highest diversity (H” = 2.37) ahelutzingo the
lowest (H” = 0.95), a finding that also corrobosatiee variations found in the microbiome diversitythe saliva of
individuals from different geographic regions, withrious lifestyles, reported recently by Nasid#eal., (2009)
[26].

On the other hand, the dominanceCofalbicansfound in individuals from the regions included e PNA was not
a surprise, since other studies reported up tand(6@% of this fungus isolates in the oral cavithealthy subjects
[2, 5, 38]. Another relevant input of this studyasvthe species diversity @fandidaidentified, among these;.
kruzeij C tropicalis C. parapsilosisandC. glabrata a fact that agrees with other studies made [88,i8 which it
has been analyzed the distribution of @endidaspecies, associated with environmental factors dkanization,
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industrialization, globalization, climate changdsoasocial and geographic factors that promote dmsribution
[32].

Some authors, like McMichael (2004) [22], Méndez-Aaicet al, (2003, 2006) [23, 24] and Madhaati al, (2011)
[20], have reported that the indiscriminate usartffungal medications like azoles, has origindtexlexacerbation
of species ofCandidg mainly in urban populations that generally do pagsent marginalization. Instead, in rural
marginalized populations, what determinates ttsgrithution is the lack of personal hygiene, cultanad nutritional
factors like high ingestion of carbohydrates ansedses like diabetes, obesity and malnutritiorach that also
coincides with our results. On the other hands ipassible that the pathogenicity of these agent®mtrolled by
other fungi that form the mycobiome, besides ofithervention of the immune system of the individu®].

It is also possible for relationships like symbgand antagonism to be present and control thetit isunecessary
to investigate using a greater number of samplédstlamugh longitudinal studies [13]. It is importdn point out
that the presence of fungi likdcremonium Aspergillus F. pedrosoiand Fusarium in the oral cavity of the
participant individuals was unexpected, despite thase are ubiquitous in the environment, thdbisay, can be
found in plants, soil, water or air and usually aceassociated with infections, nor they are pathe oral flora of
healthy individuals [7, 8, 18]. Other fungi ideri in this study werdlternaria (6.6%), important in respiratory
allergies in individuals from urban populationsddhodotorula rubrawhich has also been documented on healthy
individuals [11, 15]. It has been found that tlistlone may cause some risk in persons with aceijaisease like
cancer o infect other people with some degree dfutdtion [3, 14]. Also, due to its ubiquity in hae, the finding
of these two fungi in the participant individualstbis study, should not be consider as a strangatedue to that
probably they are acquired through breathing, foake or fomites, like it has been suggested bypn&met al,
(2010) [31].

The importance of this study was to identify thecolyiome present in the oral cavity of healthy indiizals from
the neovolcanic axis in Puebla, México, which wasluhis moment not described. Besides, the kndgdeof
mycobiome associated with the human body, underigty of conditions, may be a great potentialdaplaining
how does it impacts on health and disease, sindat®mthere had not been any systematic efforhtonerate and
describe the fungi on the human body and the iotierabetween them and with their host. Thus, Faakalet al,
(2002) [28], suggest that it is possible that thespnce of a fungus on the oral cavity, may befithe step into
predispose the host to an opportunistic infectidns consideration indicates that the colonizatibthe oral cavity
by Candidarepresents a risk of infection in immunocompromigelividuals [34]. In this way, the comprehension
of the interactions between the various fungal igse@s well as the mycobiome with other membertheforal
microbiome would also proportionate a bigger uniderding about the pathogenicity and changes imitrersity of
these organisms [1, 37]. The results of this warkndnstrate that the fungal component of the ondtycan healthy
individuals from the rural and urban community vwasnplex, formed by various genera of fungi, of whizandida
albicanswas predominant and its dominance was relatedaichggiene, diet and social condition.
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