Antimicrobial Resistance: A Dentists’ Prospective
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Abstract

Antimicrobial resistance has turned from prediction to reality in a few decades and exerts a significant
burden globally with a loss of approximately seventy thousand lives each year. Dentistry accounts for
approximately three to eleven percent of all antibiotic prescriptions worldwide. The human oral cavity is a
huge reservoir of more than 750 microbial species. Oral microbial biofilm formation such as dental plaque
that initiates periodontal diseases and dental caries is the major reason for the antimicrobial therapy failure
and rise in resistance against the action of antimicrobials. Biofilm bacteria embedded with a matrix of
extracellular polysaccharides are more than 10,000 times less sensitive to antimicrobials than free-floating
planktonic bacteria. A thorough understanding of the mechanism will provide an effective solution to
combat the current problem such as developing novel antimicrobials, method that enhance the effectiveness
of antibiotics by modifying the antibiotic structure or disrupting biofilm, or altering the outer membrane
structure of bacterial cell walls to neutralize the resistant enzymes. Use of novel strategies e.g. nano-drug
delivery system to facilitate drug entry into the cell; liposome for efficient local delivery of drug of choice
in the treatment of caries, periodontitis and also for anesthetic purposes. This paper provides a review of the
literature based on the studies on oral biofilm, its formation, and importance in drug resistance, mechanism
of drug action and development of its drug resistance and various measures to combat it and the scope of

dentists in limiting the progression of antibiotic resistance.
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Introduction

Resistance to antibiotics and adverse events
associated with antibiotic use has now become a major
threat to global health. It prompts the major challenge
for the health providers all over the world and poses
a threat to the rising mortality and morbidity. Over
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the first few decades the increased antibiotic-resistant
gene transmission in virtually every species of bacteria
for every class of antibiotics available from man and
animals has been documented.! We are now having a
huge list of multidrug-resistant bacteria with either
a few or non-responsive antibiotics.! The possibility
for a bacteria to develop resistance against antibiotics
goes back to the 1930s as suggested by Dr. Flemming
in his published description “discovery of penicillin”.?
The concept we have understood that “the success
of antibiotics in improving morbidity and mortality
rate worldwide” has created the present scenario “the
resistance developed due to use of these antibiotics is
responsible for increased morbidity and mortality”.
This is due to the microbial ability to withstand the
adverse conditions involved and get transformed to
protect themselves thereby deactivating the curing
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potential of antibiotics.> Antibiotic resistance is now a
potential threat to mankind as there is a gradual rise in
the number of pathogenic bacteria becoming multidrug
resistance or completely resistant to various antibiotics
currently available. Antimicrobial resistance has turned
from prediction to reality in a few decades and exerts a
significant burden globally with a loss of approximately
seventy thousand lives each year.*

Dentistry accounts for approximately three to
eleven percent of all antibiotic prescriptions worldwide.’
The human oral cavity is a huge reservoir of more than
750 microbial species.® Studies suggest that the normal
human flora may act as a reservoir for antibiotic-resistant
genes which under the right conditions are then able to
be transferred to pathogenic species.”® Oral microbial
biofilm formation such as dental plaque that initiates
periodontal diseases and dental caries is the major
reason for the antimicrobial therapy failure and rise in
resistance against the action of antimicrobials.®'°

Microbial biofilms are formed by colonization of
various unicellular organisms to form a community
that is attached to any solid surface and adherence of
other microorganisms within a polymeric matrix made
up of exo-polysaccharide thereby forming a complex
community.!' These biofilms initiate changes within
microorganisms thereby exhibiting characteristics
different from their planktonic counterparts, their
susceptibility to various antibiotic agents, that includes
responses against immunological reactions, their
interaction with the host tissues, or their physiological
properties.'? Biofilm bacteria embedded with a matrix
of extracellular polysaccharides are more than 10,000
times less sensitive to antimicrobials than free-floating
planktonic bacteria. Biofilm creates a protected
environment for the growth and survival of microbes in
a hostile environment.'?

The oral or dental biofilm that colonizes on the
surfaces of the tooth is a complex three-dimensional
structure that is formed of around 100-300 cell layers'2
and is a potential reservoir for the oral pathogenic
microorganisms.®'* A number of gram-negative bacteria
involved in periodontal infections such as P. gingivalis,
A. actinomycetemcomitans, F. nucleatum, P. intermedia,
B. forsythus, S. intermedius, T. denticola. These members
are responsible for increased periodontal pocket
formation as well as tooth loss.'%!> Biofilms formed by
bacteria protect themselves from antimicrobial agents
and host immune responses as; (i) It protects against
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oxidative stress (ii) effluxes out antibiotics (iii) provides
protective measures by its polysaccharide matrix and
stops easy diffusion of antibiotics.'®!7

The sequential events that occur during the formation
of plaque on dental surfaces are; (1) A pellicle is formed
on the tooth surface from proteins and glycoproteins
present in saliva. (2) Bacterial molecules are adsorbed
by the pellicle formed on the tooth surface through weak
physical forces. (3) Reversible addition of oral bacteria
to the tooth surface through binding between specific
molecules present on the surface of the microbial
cell with the complementary receptor present in the
formed pellicle over the tooth surface. These constitute
the primary particularly ~ Streptococci
sps and Actinomycetes sps. (4) Subsequently other
microorganisms colonize to form secondary colonizers
by coadhesion with primary colonizers through cell
surface adhesion to the receptors present in primary
colonizing organisms. This creates a rise in the microbial
diversity in the plaque biofilm. (5) Bacterial proliferation
takes place by multiplication resulting in the rise of
biomass and formation of biofilm matrix by synthesis
of exo-polymers. (6) Plaque growth and maturation
takes place and all together they behave as a complex
organism. There is growth and colonization of anaerobic
organisms.

colonizers

Due to the release of exo-polymers by the colonized
microbes the penetration of the antibiotic agents is
restricted into the 3-d structured plaque biofilm and also
novel properties are exhibited by the slowly growing
microorganisms on the biofilm surface.'®!”

This paper provides a review of the literature based
on the studies on oral biofilm, its formation, importance
in drug resistance, mechanism of drug action and
development of its drug resistance and various measures
to combat it and the scope of dentists in limiting the
progression of antibiotic resistance.

Mechanism of drug resistance by biofilms:
Several groups of antimicrobial therapeutic agents (e.g:-
B lactams, metronidazole, tetracyclines, quinolones) are
practiced for the treatment of oral infections in addition
to dentifrices and oral rinses (chlorhexidine, triclosan,
fluoride)

In course of time oral microbiota develop resistance
following many different mechanisms such as

1. Production of hydrolytic enzymes to inactivate
antibiotics.!!
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2. Effluxing out the antibiotics taken up by the
bacteria.!!

3. Bringing conformational changes in drug targets by
causing mutation in genes responsible for.'31°

4. Differential expression of porin proteins in biofilm
cells reduced the accession of antibiotics resulting
in antibiotic resistance in gram-negative bacteria.?”

5. The formation of biofilm is controlled by quorum
sensing of molecules which coordinates the gene
expression to regulate the virulence factor.?!

6. Bacteria present in biofilm adapt themselves to
changed physiological conditions in response to
exposure to antimicrobial agents and reduce their
growth rate.?

7. Formation of exopolysaccharide biofilm matrix
by bacteria retards the permeability of antibiotics
following different mechanisms e.g: electrostatic
interaction, absorption, enzymatic neutralization,
hydrophobicity.?*2?
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Fig 1: Different ways of development of antimicrobial resistance in biofilms

Mechanism of Antibiotics and Development of
resistance: Antibiotics work by affecting things that
bacterial cells have but human cells don’t. Bacteria
and human cells differ in the structure of their cell
membranes, method of protein synthesis or DNA
replication mechanisms. Some antibiotics affect the cell
membrane of the bacterial cells, while some affect the
protein building mechanisms, while some act on the
DNA copying machinery that is specific to bacteria.

Different families of antibiotics have different ways
of killing microbial pathogens.

Beta-Lactam: It generally includes antibiotics like:

Penicillins, cephalosporin. Beta-Lactams act on the gram-
negative microorganisms by inhibiting the synthesis of
bacterial cell walls. They interrupt the links between
the peptidoglycan components in the transpeptidation
process of the cell wall of gram-negative bacteria. These
drugs can bind to PBP (penicillin-binding proteins), the
enzymes that are involved in final stages of formation
of the cell wall during the growth and division of the
organism, and ultimately results in incomplete cell
wall formation and cell lysis.>® Antibiotic resistance
developed against beta-lactamase is due to the presence
of the enzyme beta-lactamases, present in many gram-
negative and some gram-positive organisms that prevent
the antibiotics to bind to the specific PBPs.>*
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Tetracycline: It belongs to the broad-spectrum
group of antibiotics. It possesses the ability to bind with
the 30s ribosomal subunit in the mRNA translational
complex resulting in inhibition of protein synthesis.>>?¢
It has a wide range of activity against gram-positive
and gram-negative bacteria, mycoplasmas (without cell
wall), protozoan parasites, chlamydia and rickettsia.
Resistance to tetracycline is primarily due to the
acquisition of new genes in the bacteria.”’ Due to
various side effects, including staining of the teeth, other
abdominal discomfort and damage to the kidney, this
drug is not in much use.

Metronidazole: It is a nitroimidazole group of
antibiotics that can be prescribed in adjunct to other
groups of antibiotics or alone to treat oral infections
and also other inflammatory diseases.?®! It is most
effective against obligate anaerobic microorganism
such as Fusobacterium, Peptostrptococcus species,
Bacteroides, Prevotela, Clostridium.?°*° The nitro group
of metronidazole after entering into the cell through
diffusion gets reduced thereby releasing toxic products
that degrade the microbial DNA and also interferes in
the synthesis of new DNA 332 Four genes that codes for
nitroimidazole reductase, the enzyme that carries out the
enzymatic reduction of nitroimidazole to its respective
derivatives are found to confer some level of resistance
in colonic Bacteroides species but the presence of such
genes in oral species is not clear.33-**

Quinolones: These are the chemotherapeutic
bactericidal drugs eradicating bacteria by interfering
with DNA replication. It acts on the DNA gyrase, a type-
II topoisomerase which is essential for the replication
of DNA and also recombination following repair.!
Quinolones bind to DNA gyrase and DNA resulting
in the formation of a stable complex that prevents
the DNA gyrase for recombination of cut strands of
DNA. Resistance to quinolones is found in a variety of
anaerobic organisms are either due to alterations in DNA
gyrase or for reduction in antibiotic accumulation.

Fluoride: This is an anion of fluorine used
extensively as a constituent in mouthwashes, toothpaste
and oral supplements as dental caries preventive
agents.>*3"The fluoride ions interact with the mineral
content of the tooth and induces remineralization and
also prevents demineralization caused by cariogenic
bacteria.’® Studies suggest that fluoride acts on the
enzyme enolase in the glycolytic pathway resulting

8459

in growth inhibition and reduction in the production
of acid from oral streptococci such as S.mutans. 3%
Administration of fluoride is restricted owing to the
development of dental and skeletal fluorosis along with
fluoride resistance found in oral bacteria.*!

Chlorhexidine: It is the most effective antiseptic
agent, is a cationic poly biguanide with hydrophilic and
hydrophobic properties that acts as both supragingival
and mucosal plaques*>*due to its dicationic nature, it
can bind reversibly to the negatively charged molecules
in the oral cavity and persist for a long duration after its
application.** Chlorhexidine is active against a group of
organisms including gram-positive and gram-negative
bacteria aerobes, facultative anaerobes, and yeasts by
causing damage to the inner cytoplasmic membrane.4>44
Not only it inhibits plaque formation, but it also reduces
plaque adhesion to the tooth surface by blocking the
acidic groups of glycoproteins that are present in
saliva. It brings about ultra-structural alterations within
the oral biofilm by being adsorbed on to extracellular
polysaccharide or competing with agglutination of
calcium ions in plaque resulting in a reduction in the
adhesion of bacteria to the tooth surface.*’

Triclosan: It is a non-ionic phenolic molecule
used majorly in dentifrices having a broad-spectrum
antimicrobial effect against gram-positive and gram-
negative microorganisms.*® A numerous randomized,
controlled clinical trials summarized the efficacy of
triclosan as a plaque reducing agent and also exhibits
anti-inflammatory properties for improving gingival
health.46-49

Role of dentists in reducing antibiotic resistance:
As health care providers, dentists should be aware of their
contribution towards developing antibiotic resistance
and limit their role in exacerbating it. Studies suggest that
about 66% of the prescribed antibiotics are not clinically
indicated.* The pathophysiology of the pulpal diseases
should be emphasized and understood and inadvertent
use of antibiotics in the treatment of acute endodontic
infections to relieve pain without intervening endodontic
treatment should be avoided. Antibiotics are ineffective
in eliminating the pathogens in the root canal system
as there is reduced blood circulation in the necrotic
or infected pulp. Surgical or endodontic intervention
is required to alleviate the symptoms and infection.>
Antibiotics should be prescribed for localized infection
in those with systemic involvement.
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Dentists should follow some guidelines®'> 52

1. Accurate diagnosis should be obtained before
prescribing any antibiotics

2. Obtaining the involved microbial analysis presenting
the infection and prescribing the suitable antibiotic

3. Rather than adopting broad-spectrum antibiotics
one should prefer the narrowest spectrum antibiotic.

4. Avoid prescribing antibiotics if it can be managed
without.

5. Should not prescribe for unknown or improperly
understood infections

6. Should thoroughly review the medical history of the
patient to avoid adverse effects of a specific group of
antibiotics if any.

7. Should not be biased by the demand of patient or
pressure due to competitive healthcare providers

8. Should be avoided in infections due to fungus or
virus or traumatic aphthae ulcers

9. Prescribed when systemic spread of bacterial
infection is evident.

10. Should advise patients for proper dosage and
duration of prescribed antibiotics.

11. Should update self about appropriate oral infection
management from conferences, journals, continuing
dental education (CDE) programs.

12. Should discourage and educate the patients not to
avail antibiotics over the counter.

Conclusion

The scale and speed of increasing antibiotic
resistance has become a global concern where the solution
is required at every level. A thorough understanding
of the mechanism will provide an effective solution to
combat the current problem such as developing novel
antimicrobials, method that enhance the effectiveness
of antibiotics by modifying the antibiotic structure
or disrupting biofilm, or altering the outer membrane
structure of bacterial cell walls to neutralize the resistant
enzymes. Use of novel strategies e.g. nano-drug delivery
system to facilitate drug entry into the cell; liposome for
efficient local delivery of drug of choice in the treatment
of caries, periodontitis, and also for anesthetic purposes.
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