Managing Oral Health in Context of Antimicrobial Resistance | Encyclopedia.pub

Managing Oral Health in Context of
Antimicrobial Resistance

Subjects: Microbiology | Others

Contributor: Lucinda J. Bessa , Joao Botelho , Vanessa Machado , Ricardo Alves , José Jodao Mendes

The oral microbiome plays a major role in shaping oral health/disease state; thus, a main challenge for dental
practitioners is to preserve or restore a balanced oral microbiome. Nonetheless, when pathogenic microorganisms
install in the oral cavity and are incorporated into the oral biofilm, oral infections, such as gingivitis, dental caries,
periodontitis, and peri-implantitis, can arise. Several prophylactic and treatment approaches are available
nowadays, but most of them have been antibiotic-based. Given the actual context of antimicrobial resistance
(AMR), antibiotic stewardship in dentistry would be a beneficial approach to optimize and avoid inappropriate or

even unnecessary antibiotic use, representing a step towards precision medicine.
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| 1. Oral Microbiome

The term microbiome has been connected to various definitions, but it has been recognized that there is a need to
converge to a clear and commonly agreed upon definition of the microbiome W, Considering the recent definition
proposed for microbiome by Berg et al. I, it may define the oral microbiome as a dynamic ecosystem composed of
the oral microbiota, viruses, their structural elements, and metabolites, as well as molecules produced by the
coexisting host and controlled by the surrounding environment. The oral microbiome, like every microbiome, is

continuously and functionally evolving due to the microbe—host and inter-species interactions.

In the oral cavity, there are distinctive niches, each with its associated microbiome, including the gingival sulcus,
tongue, cheek, hard and soft palate, floor of the mouth, throat, saliva, teeth, and, if present, dental implants =4l
Bl The Human Microbiome Project defined nine anatomical locations in the human mouth in a state of health: the
tongue dorsum, the hard palate, the tonsils, sub- and supra-gingival plaque on teeth, the keratinized gingiva, the
buccal mucosa, the throat, and saliva (8.

The microbial oral community shifts constantly throughout an individual’s life due to extrinsic and intrinsic factors [
(BRI The oral cavity is exposed to exogenous microorganisms mainly through diet, drinking, air, kissing, and
lifestyle . Changes in oral pH, depressed immune system, presence of chronic diseases, and intake of antibiotics
also affect the composition of the oral microbiome Bl29. Nonetheless, despite all these factors accounting for inter-

individual variability, an oral core microbiome has been pinpointed Bl and it refers to the microbial taxa or the
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genomic and functional attributes associated with those taxa that are characteristic of the oral cavity under healthy
conditions 121131,

Quantitative and qualitative variations in the composition of the core microbiome cause dysbiosis, which correlates
with the disease state 24131 The taxonomic composition of microbial communities implicated in dental caries,
periodontitis, and peri-implantitis has been pinpointed by several studies throughout the years [23I[161[17][18]19][20]
(Figure 1), which have disclosed that the microbial communities are distinct in those three oral diseases in terms of
composition and/or abundance. Nonetheless, the taxonomic composition is unsurprisingly not definite; it is being
constantly updated as knowledge and technologies are advancing.
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Figure 1. Characteristic taxa associated with dental caries, periodontitis, and peri-implantitis [22I[16][17][18][19][20]

Figure created with BioRender.com.

| 2. Oral Biofilms and Biofilm-Related Oral Diseases
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Bacteria play a major role in biofilm formation as the initial colonizers and in terms of abundance and function in a
normal oral microbiome. However, fungi, viruses, archaea, and protozoa are also constituents of the oral
community and must be taken into consideration when studying the complete oral microbiome 2. Entamoeba
gingivalis and Trichomonas tenax are the most commonly found protozoa in the oral cavity, while Candida species

are the most prevalent fungi [Z.

Bacteria within a biofilm communicate via quorum sensing, through which signaling molecules are produced and
detected by neighboring bacteria. This communication system enables bacteria to regulate several bacterial
mechanisms, such as the production of virulence factors and biofilm formation 22, In addition, biofim seems to
boost bacterial protection against the host immune system, environmental factors (such as shear stress), and
antimicrobial agents [23l241. Thus, any biofilm-associated infection, including those of the oral cavity, represents a

therapeutic conundrum.

Streptococci and some Actinomyces species are known to be the early colonizers of the salivary pellicle, an
organic film composed mostly of proteins on the tooth surface, epithelium, and restorations L7231, The colonization
of the salivary pellicle is the starting point for the co-aggregation of new species to previously adhered bacteria and
the subsequent formation of a polymicrobial biofilm known as dental plaque, which is a natural phenomenon
involved in the physiology and defenses of the host 28, as long as a certain degree of stability, known as microbial
homeostasis, is maintained despite regular environmental perturbations, such as dietary intake and oral hygiene.
Consequently, dysbiotic dental plaque is implicated in the development of common oral diseases, such as erosion,
dental caries, periodontal disease, and peri-implantitis 22!, and is characterized by an imbalance in the biofilm
composition favoring oral pathogens to take the lead. It is noteworthy that the appearance and persistence of
dysbiosis rely on both microbial changes and host factors, namely the development of inflammation and the intake

of dietary sugars 27,

Dental caries is a multifactorial oral disease, which is biofilm-mediated and modulated by dietary carbohydrates 28],
High and frequent exposure to fermentable carbohydrates is the driver for the development of a supragingival
dysbiotic biofilm, where aciduric bacteria prevail and lead to a pH decline that can no longer be buffered by saliva.
Therefore, there is a selection for more acid-tolerant microorganisms, which in turn favors the persistence of this
acidic environment that enables enamel demineralization 242989 |n early studies, Streptococcus mutans has
been recognized as ‘the cariogenic keystone pathogen’; however, next-generation sequencing (NGS) and omics
studies have disclosed that dental caries is more a polymicrobial disease based on a variable and diverse
pathogenic community that relies on sugar consumption, rather than a classic Koch’s postulate (a single agent
related disease) BUE, Despite the substantial inter-individual variability composition of this dysbiotic biofilm in
dental caries, different microbial combinations have been identified to have a similar functional profile 22, This
suggests that the pathogenesis of dental caries is controlled by complex and intricate host, microbial, and

environmental factors and interactions, and for that reason, it remains an entangled research issue 29,

Periodontitis and peri-implantitis are also biofilm-mediated oral diseases with marked microbial dysbiosis and

inflammation. In both, alveolar bone is lost, in addition to the loss of tooth-supporting tissue in periodontitis and
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peri-implant tissue in peri-implantitis, respectively 3!, If untreated, these oral non-communicable diseases can lead
to tooth or dental implant loss. On the one hand, both diseases share many etiological and clinical features. On the
other hand, they differ in the microbial community present. This is mostly due to the material (dentin or titanium)
that serves as the substratum for biofilm formation and affects bacterial adhesion, determining differences in the

type of initial bacterial colonizers and dictating the formation of distinct subgingival biofilms 34,

| 3. Antimicrobial Resistance (AMR) in Dental Practice

Dentists prescribe antibiotics for two purposes: (1) prophylaxis, to improve the outcome success of surgical

interventions and reduce complications and symptoms, and (2) therapeutics, for treating oral infections [33,

However, in dental practice, antibiotic indication has been long based on personal experience or judgment and on

Referencesher than on effective diagnosis 28; and it has been mostly an empirical drug prescription, with a

predominant choice for broad-spectrum antibiotics 237, Furthermore, guidelines for the prudent usage of

Ariipores Far R YDRKO R B H SRR s P §aN G ud i BrdSiose pérparias: T Chen, X.; Cocolin, L.
Eversole, K.; Corral, G.H.; et al. Microbiome definition re-visited: Old concepts and new

It iCBAUEROER: MICTRRIRMENER3R: &f-ahllBiotic stewardship programs in the dental setting is of great need 39,
ANYRIREH SIAwartthib R[S @S¢ fhKRPrINaIRk RIS NE oG doyREC P BigeFBACIAURE. Of: aiihiaticaviagtimal
selgffiite JPBInS); P42, dtHaligRP ARFYHRYRIQLLAR (THRIAYS FIPSAACHEMIRSPE DrURiEEB 8 afpcts to
patig@,tm_agmdégj_gjL@gﬂl%g@ﬁé%ﬁent and spread of multidrug-resistant bacteria 29,

AR LiNimdXF R feArab i ahiomeo iRy aiingetis iadpme@ls ohabyakidatioiitarRatial,
mic?&%&o&iéts?—%%‘%ér health care professionals, is fundamental to assure the execution of an antibiotic
sfewqydshipHREOgrary i 2 Feniplsgting (7214 sehahgntiviots Rewsrdship jotepregiions: regsmpendegd ey denial
PragifAtyresetams Hidtiakleches with dynamic microbial communities. Environ. Microbiol. 2015, 17,

699-710.
Table 1. Antibiotic stewardship interventions in dental practice.

5. Seidel, C.L.; Gerlach, R.G.; Wiedemann, P.; Weider, M.; Rodrian, G.; Hader, M.; Frey, B.; Gaipl,

» Ponder patient conditions and look for a clear diagnosis before prescribing antibiotics; discuss with peers and
other specialists if needed

* Follow updated and standardized guidelines e
 Receive feedback on previous acts of antibiotic prescribing

« Warrant ongoing education and appropriate training

l. 2018,

» Educate the dental patient and establish good communication to ensure the patient will follow the correct
instructions when taking antibiotics

 Audit how appropriately antimicrobials are prescribed dreu-

ulliaviia, IN., Allvaa~© i iavauu, ivi.,, pialivu, M., I‘UIH‘\)UIQ, M., TLAl. vILULTIIFoLITIILT 1Tvoalos
changes in the oral microbiome in Spain through age and lifestyle factors. NPJ Biofilms
ThagRapeIiS RS PeeP Peorpsed by recent studies (39][41]{42]
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Anbegldlesd_intBidateass, WheHdutagbarfAgth eeinstS .dhp Kapdets Yoh tAd ederalate orabod areiblRode afidkéye
curangapisbisrant AMR pdaxue tio ke tuargd csdtle ah didiea sav P ervotiontd| (2O QDItRAL he8d , fhO dental
stud&its’ education and specific training in the prescription of antibiotics [23/4411451468] Equcational interventions can
1B B RLGH BTGy R IR ateASy T PPasRREigE SR A KAIGRECH SENYRI P FRe Fias"
undr%ri raguates from the G%asgoﬁ\bolj]?rﬁﬂlg’%aﬂglsx\/&re enthusiastic about attending a supplemental, yet

robiome project. Natur
mandatory, online course on the essential role of dental teams in antimicrobial stewardship and in reducing AMR;

Ithe Zaldent & feKRIRRWBshoSHRE ardVhe HaeRAIE Mk dy eBNIRg Ithea healibiariorf i cteRipgs i mral
microbial communities. BMC Microbiol. 2009, 9, 259.

4sAntibiotic P rophylaxis A R)yand Treatmentot Oraknges and
Infeetions. Natl. Acad. Sci. USA 2021, 118, e2104429118.

1i:fiff%éhtAWe{n tgg ngeAPJcrobiome to understand host—microbe systems. J. Anim. Ecol.
2020, 89, 1549-1558.

198682 e dRAY AN 2SI B derTer. 1t REWHOPES I 4t é4Bn 51 O TAMLSEHNA Us§ e R B frRfitibiotics.
CurigiHEerr M2 BBAINS rFRIAMIRBAAUP NS 8] MRS ARG F L YRR B A RgBligRkoNS
afteh (HneXBRt e ASTBRAE!Fr Uiedaus g nicToliR SIS R TIaRR @ Trifa I At RIANEOIRORAI RO IBIBIO!

surgi@glzr’emvgb@fﬂt. tissue lesions, and (4) peri-radicular surgery. Moreover, antibiotics are not recommended

for the prevention of pain associated with irreversible pulpitis B2,
15. Belibasakis, G.N.; Bostanci, N.; Marsh, P.D.; Zaura, E. Applications of the oral microbiome in

unfeRAnphrestgertigtiafprbedaimd Sirk B alQmmiod Srocedure and is currently indicated by American

1¥)CHYBREA IdBBIFSEN HeNEEBmMENIbtftR! RNEUQLS RPN SIPIE VT IBfefikRi SRACER A ERhE
subieisnRAS B BYRNEIGSRBIRS SBquAIRUALAHHd PUELEBNA hriaR S8ithd TRy Bf figuever,
abaﬁ@ﬁﬂﬁ? EB‘E:W%PW@W%?%%ITOZG%PW?TW of IE B2, A nationwide cohort study conducted in Sweden

provided results su_gggsting that the Swedish recommendation of 2012 to not administer antibiotics in dentistry for
e BRGNP d B S SR I 18 & B R RS SRS R ARG RSO0 s 1521
Simdes, M., Borges, A., Simdes, L.C., Eds.; Academic Press: Salt Lake City, UT, USA, 2020; pp.

4.29Rtibiotic Treatment of Dental Caries, Periodontal Diseases, and Peri-

1'5?‘Ri-@ﬂgﬁir§ni, M.A. Microbiology of dental caries: A literature review. Ann. Med. Health Sci. Res.

2019, 9,655-659. _ _ o
The administration of antibiotics in dental care is a common procedure. However, due to the increase in antibiotic

1Rsictanbe ¥ndDadht Rd¥arssniMscikitfickFRowéeRe Didhhd3. bedigrobiatetiviagyiandpwristiosiatally
maf&idahEaiirs chploiiakhmatneabarecialy tehehititiearrgpahiaiilvssd3athagrasmpzm Gnafidns.

20. Komatsu, K.; Shiba, T.; Takeuchi, Y.; Watanabe, T.; K_o,yanagr;, T.; Nemoto, T.; Shimogishi, M.;
Re%ardmg pi(e,rlodontal diseases, the use of s%/stemlc antibiotics become _popular in aggressive forms of
Shibasaki, M.; Katagiri, S.; Kasugal, S.; et al. Discriminating microbial community structure
periodontitis or ulcerative Pe,rlodontal conditions based on the agé;resswe clinical progression of these diseases.
between peri-implantitis and periodontitis with integrated metagenomic, metatranscriptomic, and
On the on?( hand, systemic antlglﬁ) ics_do impact periodonial Earameters in the short-term without a significant

network analysis. Frq& Infect. Microbiol. 2020,L(i), 596490. _
change in serum markers 54] “and with higher side effects 22l However, for long-term follow-up, there is low-
2ermmnaigeMaiand sysaldasattMictics eaiits . bt hBRrezid aratedniyt feasdontiis THE @Ekover, there is
verjnighogianne doiderihoanddteeaplisatipadmierah@ietisy steaaiatdiaanssmmpeivafipabiddigiehtabridd Gr

acu¥d apiédrabbess 281,
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22atRethepiothcBes. hBasisben Bskd Bac®ial itjtheraon-sengiagpilés adbecin(viryleacenaiodl pebsitilitées) fokve
bedtslagetyols€bld SeatngeiHanblaRdispeothsMedn 2@ta@mn2, @ 2vat such an approach is not sufficient by
i t let . the_ biofilm f the implant face. . addjtional/adjuncti t t
251 i SRS B BASHE (BRLRaiSe IRPRLSEIRS, EXSEI e RrsBRI ARSS Brgimer
appégi%leéijag?})fggéfsed, such as topic or systemic antibiotics, photodynamic therapy, or surgical therapy &2
(58] Despite the use of topical/systemic antibiotics as an adjunctive therapy in peri-implantitis, there is a lack of

24orBUHEGS et I rdyargRE Meir i dARYS, R-the BEARRCK. deaMRIQrAIRECRSIHSS @I DAHIRESMeir
usd BYieNpidaethems dasndessiasing permeability and mechanics. Rep. Prog. Phys. 2015, 78,
036601.

2|5-5J1®F@R%i510m9¥; Yin, I.X.; Lam, W.Y.; Mei, M.L.; Chu, C.H. Acquired salivary
pellicle and oral diseases: A literature review. J. Dent. Sci. 2021, 16, 523-529.
The usage of antibiotics is undoubtedly an important driver for the development of antibiotic resistance genes

26. Marsh, P.D. Dental plagye as a biofilm and a microbial communjty—Implications for health and. .
(ARG%{. The presence (ﬁ 09;511 paﬁwo enic bactecrila har%orll%g ARGs en a¥19ers E)he success rate otfhanrglglotlc

treaqiﬁgr?tsr%bonwrr%r%re% Po?%grrt]a'iznogra’l ?m@:%g% ‘vsv%?l’esc%ﬁn'mensal bacteria carrying ARGs may be responsible
26r hatibanit; Ridcrittaoattbthktagisieoignlisu@an e dy EUBIErBhieth b D yranai b eaicem doiiie st amosh ogtich is
oralntaistotien T hil R easiditiore ik AR, td the/ déar 2906 62, and it is nowadays defined as the collection of
A DRARGRRRG e presyrsorsdn gatagenicand penpaihageqic ppgteria GopRgsIng. & microbiome erii, A
Maltz, M.; Manton, D.J.; Malr('girg%g,cig Martinez-Mier, E.A.; et al. T rminolongfllgiof dental caries and

As such, examining the composit nges of the oral resistome holds a pro ng interest in order to

dental c?ries management: Consensus report of a workshop arganized by ORCA and Cariolf_(f) :
uncover oral antibiotic resistance profiles, circumvent failure of antibiotic“treatment,” and develop new e ive

Research Group of IADR. Caries Res. 2020, 54, 7-14. . . :
therapiese@. Tot aPend, h%ﬁ—throug%put next-generation sequencing technologies, such as metagenomics, are
28VBojiske W@y, 10 avias,défth; inedanas]idg Atithéodiésteinctomn aar lyicokinipé rsRu oirakiraihsiBM@me, in
addiimrabitle 262bsAdk, dbnovel ARGs 64l In particular, shotgun metagenomics is deemed essential to map all
i in th [ i [ . ict the_f [ f th (6] T, h
S T R e B T AR eGP M e AR s R d i lengSs G Fheo e ver
therei %ill is Ii%tle unders%:ﬁdiqg of the oral resistﬂme, in both health and disgase st teﬁ, Yvi}h C{nlk//la fe .sfudies
global outcomes of dental caries research in'the meta-omics era. Front. Cell. Infect. Microbiol.
pro§|851§ ng‘l%lg?lgBTf so far.
AHin&nm@eBoroicbiMikaista Bebring faeinioigyaidenial icéess TrehdszMitiofzot 2aisterdd AF8s82and
OB N5 MO R ILE 057 FEIOME RS RSS2 GV R SRIETRNSE 1Y IRRPRREL ARYRIRS
e LR e ARAFIOREER RICSBIAt e L B eRBich 0ds: 4218, veament of ora
infections, namely periodontitis and peri-implantitis.
33. Zhang, Y.; Li, Y.; Yang, Y.; Wang, Y.; Cao, X.; Jin, Y.; Xu, Y.; Li, S.C.; Zhou, Q. Periodontal and

G T A AT K A e T By B e
| 6?&?%?8 % ﬁ ﬁy.ﬁont.%/llcroblol. ﬁb%#&%iﬁ t

34. Kotsakis, G.A.; Olmedo, D.G. Peri-implantitis is not periodontitis: Scientific discoveries shed light

6. L-Antinrerebiad RhetedyramisnEherapyy(ARB e disease phenotype. Periodontol. 2000

2021, 86, 231-240.
APDT is an emerging and non-invasive treatment method, involving a photosensitizer and a low-energy laser light

3R (RUPRAGZHA Aok NG FeneinaRdR S\ dRygEiReRRae R (RYBleiRA. dre: REBIHsMIe ¢RMieNiadMricidal
effdl &l GrieViaaerid - ufkaganstiy ¥ AdHiRifigaOrReaptiRiglicxpihabisthe ayssian AN iRAHE Qhical
stu@licisfhgnd sifretlyadise iorntifiotiesain dantah Miagidee oARPRIPLES D23t 1R0SRP as an adjunctive
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(73] 2016 43¢ 364er@66ynthetic molecules that can be used as photosensitizers (toluidine blue, methylene blue,
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Cur e A A ST P YRR, RSB EHS Rssoc 51553 946 8628l synhetc ones
and have also started to be used in APDT against oral pathogenic bacteria, with encouraging in vitro results
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S*Q.eil[@ﬁ‘“é*?,i“@.%%%mer, F. The effect of interventions aiming to optimise the prescription of antibiotics

in dental care—A ?\ystema ic review, PLoS ONE 2017, 12, e0188061.
6.2. Cold Atmospheric Plasma (CAP)

40. Antimicrobial Stewardship Programmes in Health-Care Facilities in Low- and Middle-Income
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reagiivRe 29N, and nitrogen species that diffuse into the biofim and cause oxidative damage to the bacterial

membrane, and to the extracellular DNA and proteins constituting the biofilm 2, )
41. Teoh, L.; Thompson, W.; Suda, K. Antimicrobial stewardship in dental practice. J. Am. Dent.

6.3\ Natutat Produets 59>

42. Montero, M. Antimicrobial Resistance: What should Dentists be doing? Odovtos-Int. J. Dent. Sci.
Natéjroelgas be%afﬁo“f'c source of antimicrobial compounds, namely antimicrobial peptides. A significant number

of natural prdduct drugs/leads are produced by microorganisms and/or microbial interactions; thus, the field of
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bio&lentadedication. J. Dent. Educ. 2022, 86, 883—-886.

imicrobia . . .
Barlow, G.; Lim, F.H.; Davies, B.S.; et al. Consensus-based antimicrobial resistance and
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these peptides. AMPs can present more than one mechanism of action simultaneously, leading to the direct killing
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48. Palmer, N. (Ed.) Antimicrobial Prescribing in Dentistry: Good Practice Guidelines, 3rd ed.; Faculty
of General Dental Practice and Faculty of Dental Surgery: London, UK, 2020; pp. 1-128.
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